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EFFECT OF ACTIVATED CLINOPTILOLITE IN
AFLATOXIN Bl CONTAMINATED LAYING HEN DIETS
ON AFLATOXIN Bl RESIDUES AND QUALITY OF EGGS

ABSTRACT: This study was carried out to determine the effect of a high level of
aflatoxin B1 in laying hen diets, supplemented with deactivated and activated clinoptilolite,
on inner and outer quality and aflatoxin B1 residues in eggs. Two experimental groups were
formed and fed high aflatoxin Bl diets (965 ppb) containing deactivated and activated (450 °C
for 60 minutes) clinoptilolite (2% of diet) for 49 days. In the experiment, a total of 960
55-week-old Lohmann LSL (white) laying hens were used. Each group had 8 replicates and
480 hens. Egg weight, inner and outer egg quality parameters and cgg aflatoxin Bl levels were
determined in a total of 90 eggs collected on the 15", 30" and 49™ days of the experiment.
Diets containing deactivated or activated clinoptilolite decreased aflatoxin Bl production
in laying hen diets after incubation period of 15 days. Activation of clinoptilolite by heat treat-
ment significantly reduced aflatoxin Bl level in eggs (p<0.05). In addition, the use of clinop-
tilolite as an antifungal agent in the presence of high aflatoxin Bllevel in layer hen diets
significantly increased the weight of eggs and significantly reduced the ratio of broken-
cracked and dirty eggs (p<0.05). Chicken blood albumin, creatinine and calcium levels were
higher in hens fed diet containing activated clinoptilolite (p<0.05). However, triglyceride and
VLDL levels decreased significantly in the blood of these animals (p <0.05). In conclusion,
the supplementation of hen diets containing high aflatoxin Bl with activated clinoptilolite
improves production performance, egg quality and decreases aflatoxin Bl residue in the egg.

KEYWORDS: aflatoxin Bl, clinoptilolite, egg, laying hens

INTRODUCTION

Egg has a great importance in meeting animal protein needs of mankind
due to high biological value of its protein. However, it is mandatory that egg is
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produced through safe food production process and feed used in its production
is formulized in such a way that it does not create any mycotoxin in egg. In
recent years, the use of natural and synthetic zeolites as feed additives in order
to prevent feed mycotoxins from passing to egg, utilize adsorbent feature and
improve eggshell quality has been brought to agenda. A group of minerals are
called zeolites. It has been explored that nine zeolite minerals are located in
nature in great amounts. Clinoptilolite (CLP) zeolite has wide inner and outer
surface areas for ion-exchange reactions thanks to its cage-like structure. Pores
present there amount to about 50% of the volume. They are negatively-charged
and have capacity of high ion exchange. However, CLP should be produced
and processed using approprlate methods in appropriate conditions in order to
utilize these features. CLP is a natural material which can hold water, gases and
metal ions in itself in exchangeable situation, does not include hazardous ele-
ments, it is resistant for temperatures up to 750 °C and acid-bases (pH 1.5-11)
(Baran and Kutay, 1999; Melenova ef al. 2003).

CLP, a natural zeolite, has been approved by European Union in 1999 as
a product which can be used in organic animal production. CLP remains active
making ion exchange permanently, beginning from the moment it gets involved
in digestive system to the moment it is removed. CLP does not interact with
other ration nutrients (vitamins, minerals, etc.) therefore it can be included in
complex feed additives safely. CLP can hold moisture and fat to a great extent,
therefore it prevents degenerations in feeds caused by moisture during storage
and it also prevents mycotoxin formation in feed (Pond et al. 1988). It is pos-
sible to activate zeolite and increase its porosity and adsorption capacity by
acid-washing and heating. In this way, acid-resistant zeolites are advantageous
in holding gases such as SO,, HS and CO,_ as well as drying acidic gases such
as Cl (Tsithisvili et al. 1992; Ragnarsdottir et al. 1996). Silicate structure of
zeolite is degenerated by acid treatment. The increase of Si/Al ratio in this way
is called dealumination process (Kuhl, 1999). The advantages of dealumination
are removal of cations in zeolites, increase in heat-sensitivity, extension of pore
size and increase in adsorbent feature of zeolite (Gottardi, 1986). It has been
determined that heat treatment performed by anaerobic heating method in
zeolite subjected to acid-treatment contributes to the increase in porosity and
toxic substances holding. It has been indicated that adsorption capacity of
zeolites can also increase because of crystallized spaces left by evaporated
water heated at temperature of 350—400 °C. Treatment of zeolite with acids
such as HCL, H;BO; and H;PO, and the fact that it is subjected to heat-treat-
ment with various acid concentrations in various periods and temperatures,
can make significant changes and improvements in adsorption features (Lee
et al. 2000; Hwang et al. 2002; Rozi¢ et al. 2002; Ackley et al. 2003; Cheng et
al. 2005; Campos and Biichler, 2007).

In feeds and foods, there are more than seven mycotoxins that have natural
toxicity. They are: aflatoxin, zearalenone, ochratoxin A, citrinine, tirchothecenes,
patulin, penicillic acid and ergot alkaloids. Aflatoxins make hepatotoxic,
mutagenic and hepatocarcinogenic effect on liver. It has also been determined
that 0.5% of aflatoxin taken through feed can pass to egg (Denli et al. 2005).
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It decreases egg productivity and quality when aflatoxin Bl is included in laying
hen diets (Herzallah, 2013). Zeolites added in poultry diets adsorb toxic sub-
stances and reduce effect of their accumulation by inhibiting their absorption
through digestive tract (Celebi and Kaya, 2012). Moreover, adding zeolite in
diets reduces feed passing velocity through digestive system and causes nutri-
ents to get more exposed to digestive enzymes (Khambualai et al. 2009). The
objective of this study is to analyze the effect of addition of deactivated CLP
of 2% (de-CLP) and activated CLP (a-CLP) periods just after heat-treatment
application in laying hen diets on egg quality parameters, aflatoxin Bl levels
in eggs and some blood parameters.

MATERIALS AND METHODS

In this study, two experimental groups were formed and laying hens were
fed laying hen diets containing de-CLP and a-CLP (Table 1). Experimental diets
were supplemented with 2% de-CLP and a-CLP. CLP obtained from Bigadic
was activated by heating at 450 °C for 60 minutes. De-CLP and a-CLP samples
were subjected to physical and chemical analyses to determine their charac-
teristics related to adsorption, as well as other chemical contents (Table 1) in MTA
laboratories in Ankara. A Total of 960 55-week-old Lohmann LSL (white) hens
were divided into two experimental groups and fed diets containing de-CLP
and a-CLP during 49 days. Triple laying hen cages were used in the experiment
for housing. Hens were organized and placed in cages in such a way that hen house
was triple-tier having 4 cage sections in each floor and 5 hens included in each
cage section. Thus, 8 replicates including 480 hens for each experimental group
using 8 cage blocks were used. Diets containing 965 ppb aflatoxin in the begin-
ning formed the basal diet. After 15 days of basal diet, hens were fed basal diets
supplemented with 2% of de-CLP and 2% of a-CLP. Two diets were kept under
same storage conditions after adding de-CLP and a-CLP, and the samples were
taken from the diets on the 15™ day of incubation to analyse mycotoxins.

General growth and production performances were monitored in this
research. Egg weight, inner and outer quality parameters of 90 eggs collected
from each group on the 15", 30" and 49" day of the experiment were determined
by using egg quality measuring device (DET 6000). Egg yolk color was deter-
mined using the device in accordance with Roche colour scale. In the same
way, aflatoxin Bl &AFBl) levels in eggs were detected in additional 90 eggs
collected on the 15", 30™ and 49" day of the experiment. Blood samples were
taken from 24 hens from each group and albumin, ALT, ALP, total bilirubin,
creatinine, GGT, LDH, cholesterol, triglycerides, VLDL, and calcium were
determined by using autoanalyzer.

Data obtained in the experiment conducted in accordance with randomized
blocks experiment plan were analyzed by t-test with the usage of SPSS 15.0
program. Tukey multiple comparison test was used for detection of differences
in means of groups.
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Table 1. Composition of experimental diet and chemical and physical characteristics of CLP

Contents and analytical composition of basal diet de-CLP a-CLP
Corn (g/kg) 545 545
Soybean meal (g/kg) 130 130
Sunflower meal (g/kg) 114 114
Limestone (g/kg) 100 100
Guar meal (g/kg) 20 20
Soybean oil (g/kg) 30 30
Meat-bone meal (g/kg) 25 25
DCP (g/kg) 2.5 2.5
Vitamin-mineral premix (g/kg) 2.5 2.5
Salt (g/kg) 2.7 2.7
DL-Methionine (g/kg) 1.8 1.8
Sodiumbicarbonate (g/kg) 1.6 1.6
L-Lysine (g/kg) Multienzyme-+Phytase (g/kg) 1.3 1.3
Clinoptilolite (g/kg) 1.6 1.6
Metabolizable energy (kcal/kg of diet) 20 20
CP (%) 2,800 2,800
Ca, (%) 17.5 17.5
Available P (%) 4.1 4.1
Na, % 0.39 0.39
0.16 0.16
Chemical/physical composition of CLP
Oil absorption capacity, ml/100g 38.00 45
Water absorption capacity, ml/100g 18.63 21
Apparent porosity, % 19.10 40
Water absorption, % 17.75 19
Cadmium, mg/kg 1.30 <0.1
Lead, mg/kg 50.90 69.73
Arsenic, mg/kg 58.37 65.76
Mercury, mg/kg <0.5 <0.5
Cation Exchange Capacity (CEC), meq/g 1.6 2.7
Dioxin (ng/kg) 0.2 0.44

Table 2. Effect of CLP activation on aflatoxin level in diets, performance parameters, egg
quality, AFBI levels in eggs, and some blood parameters

Parameters de-CLP a-CLP P-Value Sign.
Diet total aflatoxin, ppb (initial) 965+13.2 965+13.2 0.998 NS
Diet total aflatoxin, ppb (15 d) 362+14.4 317+12.2 0.742 NS
Diet AFBI, ppb (15d) 362+14.4 317+12.2 0.742 NS
Egg AFBI content, ppb 0.246+0.0326 | 0.202+0.0165 0.0007 p<0.05
Feed intake, g/hen 5,325+17.5 5,066+31.5 0.000 p<0.05
Initial body weight, g 1,845+60 1,839+46 0.934 NS
Final body weight, g 1,899+62 1,888+48 0.969 NS
Liver weight, g/100 g BW 2.473+0.084 | 2.546+0.11 0.599 NS
Heart weight, g/100 g BW 0.492+0.022 | 0.486+0.021 0.835 NS
Spleen weight, g/100 g BW 0.123+0.0080 | 0.137+0.0092 0.266 NS
Egg production ratio, % 85.66+£0.38 | 86.08+0.0032 0.398 NS
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Egg weight, g 68.02+0.061 | 68.23+0.049 0.011 p<0.05
Broken-cracked egg ratio, % 1.995+0.15 | 1.345+0.11 0.001 p<0.05
Dirty egg ratio, % 3.53+0.32 | 2.270+0.095 0.000 p<0,05
Haugh Unit, HU 84.85+0.54 | 83.9840.55 0.261 NS
Albumin height, mm 7.715+0.085 | 7.586+0.077 0.263 NS
Egg breakage resistance, STR 4.017+0.098 | 3.880+0.076 0.275 NS
Shell thickness, mm 0.416+0.004 | 0.427+0.004 0.064 NS
Shell weight, g 9.428+0.072 | 9.418+0.069 0.917 NS
Egg yolk colour 12.69+0.088 | 12.77+0.074 0.473 NS
Albumin, g/dl 2.167+0.062 | 2.371+0.075 0.041 p<0.05
ALP, U/L 895+75 1,006+115 0.427 NS
ALT, U/L 34.1£9.5 27.4+8.9 0.608 NS
Total bilirubin, mg/dl 0.250+0.026 | 0.304+0.021 0.110 NS
Creatinine, mg/dl 0.195+0.018 | 0.292+0.028 0.006 p<0.05
GGT, U/L 42.5+11 32.447.3 0.436 NS
LDH, U/L 1,480+£254 | 2,197+285 0.067 NS
Cholesterol, mg/dl 137.3£11 129.6+10 0.607 NS
Triglyceride, mg/dl 1,427+107 1,148+85 0.047 p<0.05
VLDL, mg/dl 285+21 229.5+17 0.047 p<0.05
Calcium, mg/dl 15.73+1.1 17.10+0.74 0.299 NS
RESULTS AND DISCUSSION

The effects of addition of a-CLP, heated at 450 °C for 60 minutes, in laying
hen diets containing high levels (965 ppb) of total aflatoxin were examined. Total
aflatoxin amount in diets was 362 ppb in the diet containing de-CLP and 317 ppb
in the diet containing a-CLP, although at the beginning, diet total aflatoxin level
was 965 ppb because of lack of any antifungals in the diet. Effects of treatments
on body weight gain, feed intake, feed efficiency and internal organ weights are
presented in Table 2. The usage of a-CLP in the diet led to a significant decrease
in feed consumption (p<0.05). On the other hand, its effect on final live weight,
weights of liver, heart and spleen was insignificant. A-CLP significantly
(p<0.05) reduced aflatoxin Bl levels in eggs. Additionally, a-CLP signifi-
cantly (p<0.05) increased egg weight and reduced rates of broken-cracked and
dirty eggs. Haugh unit (HU), albumin height, egg breakage resistance, shell
thickness, shell weight and egg yolk colour were not affected by the treatments
(Table 2). Albumin, creatinine and calcium levels in blood increased in hens
fed diet containing a-CLP (p<0.05). On the other hand, triglyceride and VLDL
levels in blood of these animals decreased significantly (p<0.05).

The decrease in feed intake by usage of a-CLP in the diet makes a remark-
able result for production economics. If the level of AFBI in diet increased, a
larger amount of AFB1 would pass to egg and leave residue. In this study, the
usage of a-CLP in the diet significantly reduced the AFB1 amount in egg.
Similarly, Mizrak et al. (2014) reported that no aflatoxin was encountered when
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sepiolite was added into laying hen diets in 1.5% and 3% rates. However, it should
be taken into consideration that rates of aflatoxins in diets used in these stud-
ies were various. Using a-CLP, AFBI level in egg was significantly reduced
(p<0.05). Furthermore, it also significantly increased the egg weight and reduced
the rate of broken-cracked and dirty egg. HU, albumin height, egg breakage
resistance, shell thickness, shell weight and egg yolk color were not affected
by dietary treatments. Despite the fact that a statistically significant effect on shell
thickness was not observed, the rate of broken-cracked egg decreased signifi-
cantly due to the usage of a-CLP. Similarly, Bozkurt et al. (2001) reported that
zeolite usage decreased the rates of broken-cracked egg without affecting shell
resistance and egg shell thickness. Celebi and Kaya (2012) reported that a-CLP
significantly increased egg weight and reduced the rate of damaged egg and also
improved the egg shell thickness, especially if added during the late period.
Mizrak et al. (2014) indicated that positive effect of zeolites on eggshell formation
and bone development reduced phosphorus utility by forming insoluble alumin-
ium silicate compounds with phosphorus ion in blood plasma of aluminium and
silicon ions in its structure. Thus, the absorption of plasma calcium and calcium
mobilization from bones were accelerated and the shell quality improved.
Likewise, zeolites enhance the usage of vitamin Ds regulating calcium and
phosphorus metabolism and thus have positive effect on shell quality and bone
structure. Zeolites perform this effect by binding mycotoxins, significant vitamin
D; binders, and inhibiting their activity to bind vitamin Ds. It was observed in
studies, that there was a decrease in eggshell quality when phosphorus was not
included in diet in high amounts (Celebi and Kaya, 2012). Addition of de-CLP
or a-CLP affected egg yield. Similarly, Balevi et al. (1998) reported that the
addition of zeolite in laying hen diets did not affect egg yield. It was considered
that the used dose can be effective as zeolite did not have any effect on egg yield.
As a matter of fact, Yalcin et al. (1987) reported that the addition of zeolite at
2% rate in laying hen diets did not affect egg yield. However, egg yield was
increased by the addition of zeolite at 4% rate. It was observed that the addition
of a-CLP in laying hen diets reduced feed intake without affecting egg yield.
Similarly, Balevi ef al. (1998) also reported that addition of zeolite in 2.5% and
3.5% rates in laying hen diets reduced feed intake without affecting egg yield.
Despite the findings of Miles et al. (1986), reporting that there was a decrease
in egg weight by addition of zeolite in 1.5% level in diet for egg weight, it was
observed in this study that the egg weight can be also significantly increased,
especially by the activation of CLP. On the other hand, Oguz et al. (2017)
added perlite, expanded 10-30 times more than its normal volume by heating
at temperature of 700—1,000 °C, into laying hen diets in 1.2% and 3% levels
and they reported that addition of perlite reduced egg weight. It was considered
that zeolite source could have effect if used within this variety. Gezen et al.
(2004) considered that natural CLP extracted from Manisa region can affect
egg weight positively due to its structural difference. It was considered in this
study that CLP extracted from Bigadi¢ region and activated separately put
forward this variety. Besides, Machacek et al. (2010) reported that the egg
weight was increased by the addition of CLP at 2% rate and decreased by its
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addition at 4% rate, and thus this situation made scientists conclude that the
used dose can also have effect on weight. Among criteria assessed in terms of
egg quality, the results found for HU, albumin height, egg breakage resistance,
shell thickness, and yolk colour exhibit similarities to the results presented by
Oztiirk et al. (1998) Kralik et al. (2006), and Mizrak et al. (2014). However,
Oguz et al. (2017) found that albumen index was decreased by the addition of
perlite. Vogt (1991) reported that the addition of CLP improved yolk color.

Albumin, creatinine and calcium levels were found at higher levels in blood
of hens fed diets containing a-CLP (p<0.05). On the other hand, triglyceride
and VLDL levels decreased significantly in blood of these animals (p<0.05).
Serum ALP, ALT, total bilirubin, GGT, LDH, and cholesterol levels were not
affected by the activation of CLP. Similarly, Mizrak et al. (2014) reported the
similar results by adding sepiolite. Kralkik ez al. (2006) added a commercial
product called Nanofeed, activated tribomechanically and containing CLP, in
laying hen diets, and on the 14™ day detected that levels of creatinine, total
bilirubin, total protein, globulin and ferritin increased. Denli and Okan (2006)
reported that the hydrated sodium calcium aluminosilicate HSCAS in diets con-
taining 80 pg/kg AFBI inhibited the increase of serum AST in broilers. Increase
in AST and ALT in serum is one of well-known effects of aflatoxicosis. It is
attributed to protective effect of CLP binding aflatoxin that in this study ALP
and ALT levels were not affected.

CONCLUSION

It has been observed that utilization of de-CLP or a-CLP at 2% level in laying
hen diets has positive effects on egg quality, yield performance and some blood
parameters. It can be said that the increase in cation exchange capacity of CLP
by activation also increased the adsorption capacity of CLP for aflatoxin.
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YTULAJ AKTUBUPAHOI" KIIMHOIITUJIOJINTA HA
OCTATKE ADJIATOKCHUHA b1 1 KBAJIUTET JAJA KAJIA JE XPAHA
KOKA HOCUJbA KOHTAMMHUNPAHA ADIIATOKCMHOM b1

Epryn E. JIEMUP, Xycenn X. ECELIEJIN, Axud M. O3KAH

' Banukemup Yuusepsutet, BeTepunapcku paxyirer,
Oncek 3a buoxemujy, banukemmp, Penryonuka Typcka
? banaupma Oujenu Ejnyn yausepsurer, CTpyuna mkona banaupma,
Barmupma 10200, Perry6nuka Typcka
3 A6ant User Bajcan yausepsutet, Ctpyuna mkona Cypeja Acrapun,
Bomy 14300, Perry6nuka Typcka

PE3UME: OBa cTyauja cripoBesieHa je kako Ou ce opeano edexar IeakTHBUpa-
HOT ¥ aKTUBHUPAHOT KIMHOIITHIIONKTA KOJ BUCOKOT HUBOA adraTokcuHa bl y xpaHu koka
HOCHJbA Ha YHYTPAIIH U CIIOJBAIIHI KBAJUTET jajeTa, Kao U Ha OCTaTKe aiaTOKCHHA
b1y jajery. opmupaHe Cy JBe €KCIIEPUMEHTATHE TPYIIe Koje ¢y TOKOM 49 naHa Xpame-
HE XpaHOM ¢ BUCOKMM HHBOOM aduiatrokcuHa bl (965 ppb), a koja je canpxkasana u
JeaKTUBUPAHU U aKTHUBHpaHU (rpejambeM 60 munyTta Ha 450 °C) knuHOnTHIOIUT (2%
y XpaHH). Y eKCIepUMEeHTY je HCIUTaHO YKyIHO 960 jennHku 55-oHenespHux Jloman
JICJI (benux) xoka Hocusba. CBaka rpyIa uMaia je ocam perinka ca 480 Kokomraxa.
TexxnHa jajeta, mapaMeTpH YHYTPALIHET U CIIOJbAIIHEeT KBAIUTETA jajeTa, Kao U HUBO
aduratokcuHa bl y jajety yrBphenu cy kon ykymHo 90 jaja cakymibenux 15, 30, u 49.
JlaHa eKCIIepuMeHTa. JleaKTUBUPAaHU WJIM aKTUBUPAHU KJIMHONTHUIIONIUT CMAbUO je
npousBoay aduarokcuna bl y xpaHu koka HOCUJba HAKOH HHKyOauuje o 15 nana.
AKTHBaIM]ja KIUHONITUIIONUTA IPEjarbeM 3HAYajHO je cMamuiia HUBO adiarokcuHa bl
y jajuma (p<0,05). ITopen Tora, ynorpe®GoM KJIMHONTHIIONUTA KA0 aHTH(YHTaTHOT
areHca y MpHUCyCTBY BUCOKOT HUBOa aduiaTokcuHa bl y XpaHu Koka HOCHJba 3HaYajHO
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je moBehaHa TeXMHA jajeTa a 3Ha4YajHO CMabeH OJHOC MOJIOMJBEHUX U 3allPJbaHUX jaja
(p<0,05). HuBo anbymMmuna, KpeaTHHUHA 1 KaJlujyma 0o je Behu koj1 kokoraka xpa-
HBEHUX XPAHOM KOja CaJIipKH aKTUBUPaH KIMHONTHIONUT (p<0,05). Mehytum, HuBOH
Tpurnuuepua u nunonporensa (VLDL) y kpBu 0BUX *KMBOTHEA 3HAYaJHO Cy CE CMa-
i (p<0,05). Moxe ce 3akJbYUYHUTH J1a CyIUIEeMEHTalMja XpaHe KOKa HocuJba Koja ca-
JOp’KU BUCOK HUBO aiatokcuHa bl akTUBMpaHUM KJIMHONTHIIONUTOM NOOOJbIIaBa
MIPOM3BOAHE NepdopMaHce, Kao U KBAIHUTET jaja, Te cMamyje ocTatak adiarokcuna bl
y jajety.
KJbYUHE PEYMU: adnaTokcun b1, KIWMHONTHIIONHT, jaje, KOKE HOCHJbE
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DETERMINATION OF THE PRESENCE OF
AFLATOXIN Bl IN FOOD AND FEED IN REPUBLIC
OF SRPSKA (BOSNIA AND HERZEGOVINA)

IN THE PERIOD BETWEEN 2014 AND 2016

ABSTRACT: Aflatoxins are a mixture of related chemical compounds of bisfokuma-
rine type. They are synthesized in a variety of agricultural and food products such as oilseeds,
spices, cereals and other products. In the period of 2014-2016, 418 samples were analyzed
for the presence of aflatoxin B1, using the ELISA method. The analysis included samples of
silage (75 samples), concentrated feed (272 samples), dry fruits (16 samples), nuts (15 sam-
ples), flours (5 samples) and other types of samples (35 samples). The presence of aflatoxin
B1 was determined in all of the analyzed samples. The highest detected concentration of
aflatoxin Bl was 4 pg/kg in the silage samples, 30 pg/kg in the concentrated feed samples,
0.40 pg/kg in samples of dried fruit, 0.81 pg/kg in nuts, 0.5 pg/kg in flour samples and 0.5
ng/kg in the other analyzed samples. Higher concentration of aflatoxin Bl from maximum
residual level specified in Regulation was detected in samples of concentrated feed (2.57%).

KEYWORDS: Aflatoxin Bl, ELISA, food, feed

INTRODUCTION

Mycotoxins in food and feed are recognized as a public health problem.
Many researchers dealt with fungal toxins establishing their carcinogenicity.
Aflatoxins (AFB1, AFB2, AFGl, AFG2, AFMI, and AFM?2) are potential
teratogenic and carcinogenic metabolic products of Aspergillus flavus, Asper-
gillus parasiticus and Aspergillus nomius (Kurtzman at al. 1987). Fungi are
commonly found on the grains, almonds, walnuts, peanuts.

* Corresponding authors. E-mail: dojcinovic2013@gmail.com
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Aflatoxins are a mixture of related chemical compounds. Series of afla-
toxin B has the structure of molecules, where a cyclopentane ring is replaced
by a G in the series of the lactones. Three structural variations give 18 mole-
cules of aflatoxin, 8 of which are toxic and so far known aflatoxin Bl is the
most toxic (Sinovec at al. 2006). Clinical signs of an acute aflatoxicosis include
loss of appetite, lethargy, weight loss, neurological disorders, jaundice mucous
membranes and cramps. High doses of aflatoxins are acutely toxic, causing
substantial damage to the liver and intestinal and peritoneal bleeding, which
can be lethal (Marriott and Gravani, 2006).

MATERIAL AND METHODS

As the material in our testing, we used a feed: 103 samples in 2014; 155
samples in 2015; 86 samples (silage, maize, concentrate feed) and 71 samples
(dried fruit, nuts, flour and other foods (pasta, etc)) in 2016. Analyses were
performed by ELISA method, using test kit produced by manufacturer Bios-
cinetific, Max signal (Austin USA).

Test protocol

5.0 g of representative and ground samples were extracted with 25 mL of
70% methanol. Extraction was performed by combination of shaking, vortex
(10 min.) and centrifuge (4,000 rpm during 10 min.) of the samples. The ob-
tained supernatants were diluted with solution C and vortexed. 50 pL of the
diluted samples was used for the analysis.

RESULTS OF ANALYSIS
Feed samples

The obtained results for feed samples are shown in Table 1
Table 1. Presence of aflatoxin Bl in feed materials collected in period 2014-2016

2014 2015 2016
<Shg Sk “f/kg >20 ug | <5 pg |5 pug /kg —|>20 pg | <5 ug| 5 pg /kg — | >20 ug
ke 19 ng /kg /kg | /kg | 20ngkg | /kg | /kg |20pg/kg | /kg
Concen-
trated feed 90 10 1 73 8 4 78 6 2
Silage 2 nd nd 73 Nd nd nd nd nd

Table 1 shows review for period 2014-2016 where we analyzed a total of
418 samples. 2.57% (7 samples) were contaminated by aflatoxin Bl at concen-
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trations higher than allowed by valid regulation (>20ug/kg). The greatest num-
ber of samples (316) had a concentration of aflatoxin Bl less than 5 ng/kg and
20 samples in the concentration range from Sug/kg — 20ug/kg. The highest
detected concentration of aflatoxin Bl in silage was 4 pg/kg and at concentrate
feed it was 30 ug/kg.

Food samples

In all analyzed samples of food obtained concentrations were below 2 pg/kg.

The largest number of analyzed samples (35 samples) was food like pasta,
spices and grains. There were also 16 samples of dry fruits, 15 samples of nuts
and 5 samples of flour. The highest recorded concentration was 0.81 pg/kg
detected in samples of nuts.

All analyzed samples of food were within range of maximum residual
level of valid regulation.

DISCUSSION

Results of our studies are compared to results of available literature. Kos
et al. (2013) in their studies found that of the 78 analyzed samples, presence of
aflatoxin Bl was detected in 44, The most contaminated samples had a con-

centration (17.9%) of 1-10 ppb. Skrinjar et al. (2013) reported that in 12 of the
tested samples the concentration aflatoxin Bl in feed material was from 6 pg/kg
to 145.8 pg/kg, while we in our studies recorded a highest concentration of
30 pg /kg. Nedic et al. (2014) in their work detected 7.21% of positive samples
in concentrate feed analyzed in 2013, which is slightly higher than the results
of our examination. Increased Values of concentration of aflatoxin Bl (51%)
were found by Skrinjar ez al. (2013) in their studies. Almeida et al. (2013) in
thier research reported that the largest number of analyzed samples had a
concentration of aflatoxin less than 5 ug/kg, which would correspond to our
test results. Results of the analysis by Nedi¢ ez al. (2014) and Skrlnjar et al.
(2013) indicate an increased concentration of aflatoxin Bl in feed in 2012 which
is direct consequence of drought that had happened that year in this region.
Results of our examination show that in the following period (2014, 2015 and
2016), concentration of aflatoxin Bl was smaller than in 2012.

According to official data (FAO 1995), the average content of aflatoxin
B1 varied between 4 and 8 pg/kg with a maximum value of 30 pg/kg. In world-
wide scale in the period 1986—1997 from 2,460 tested samples of grain, 1,273
of the samples contained B1 at concentrations of 7-44 ng/kg. In Brazil, from
2,546 samples of corn, 51% were contaminated with aflatoxin Bl, a maximum
quantity amounted to 2,440 pg/kg (Sinovec at al. 2006), which is more than what
we have found in our tests. Higher concentrations of aflatoxin B1 (251 pg/kg)
are recorded in researches in China.
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Researchers in Spain, by analyzing the rice from different areas, have
found that the rice is contaminated by aflatoxin Bl in the range from 0.8 pg/kg
to 91.7 ug/kg. The same researchers examined rice in Mexico where they found
concentration of aflatoxin Bl in range from 4.5 pg/kg to 8,1 ng/kg (Bonnet at al.
2013). The mean concentration of aflatoxin Bl in peanut samples, in season
2014/2015 amounted to 38.24 ng/kg (Villers, 2017), which is greater than the
value that we have got we in our tests.

Conclusion

Based on the results obtained in this experiment, it is possible to conclude
that it is necessary to do monitoring of concentration of aflatoxin B1. Concentra-
tion of aflatoxin B1 depends on climate changes. Thus, it is necessary to apply
agro-technical measures and make selection of corn species and other food
and feed, which are more resistant to contamination of aflatoxin B1.
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PE3UME: AdnaTokcunu cy MjeniaBiHa MOBE3aHOT XEMHUJCKUX jeINbEHha TUIIA
oucdoxymapure. CHHTETHCAHHU CY Y PA3IUYUTUM IIOJbOIIPUBPEAHNM U IIpeXpaMOeHUM
[IPOU3BOAMMA, Ka0 IITO Cy yJbapulle, 3a4MHU, KUTApULE U IPYTH, IPOU3BOAUMA C
HHUCKOM akTuBHOmyY Boje. Y nepuonay on 2014. mo 2016. ronune, metogom Ennca
aHaym3upaHo je 418 y3opaka Ha mpucycTBo aduarokcuna bl. Ananu3a je o0yxBaruiia
y30pke cunaxe (75 y3opaka), KOHIIEHTpOBaHe xpaHe (272), cyBor Boha (16), je3rpy
opaxa (15), Opamrna (5) u npyrux Bpcta y3opaka (35). IlpucyctBo adarokcuna b1
yTBpHEHO je y CBUM aHaIM3upaHuM y3opuuma. Hajseha gerekToBana KOHIICHTpalyja
adatokcuHa b1 6una je 4 ppb y yzopuuma cunaxe, 30 ppb y y3opuuMa KOHIEHTPH-
cane xpane, 0,40 ppb y y3opuuma cysor Boha, 0,81 ppb y jesrpy opaxa, 0,5 ppb y y3op-
unma Opamna, u 0,5 ppb y ocTanum aHanM3upaHuM y3opuumMa. Beha koHneHTpanuja
Y OZHOCY Ha MAaKCHMAaJHO J03BOJbEHY KOHLCHTpauujy aduarokcnta bl nponncauna
BakehUM NpaBUITHUKOM JIETEKTOBaHA j€ Y y30pLHMa KOHIIEHTpaTa.

KJbYYHE PEUU: adnarokcun bl, EJIMCA TecT, XpaHa, XxpaHa

27






30opHuK Marune cprcke 3a npupoaHe Hayke / Matica Srpska J. Nat. Sci. Novi Sad,
Ne 133, 29—35, 2017

UDC 633.1:632.482.123.4
https://doi.org/10.2298/ZMSPN1733029G

Vesna S. GOJKOVIC!'', Radoslav D. GRUJIC,
Marko M. IVANOVIC/,

Zeljka R. MARJANOVIC-BALABAN?,

Dragan P. VUJADINOVIC!, Milan S. VUKIC'

! University of East Sarajevo, Faculty of Technology Zvornik,

Karakaj bb, Zvornik 75400, Republic of Srpska, Bosnia and Herzegovina
2 University of Banja Luka, Faculty of Forestry

Bulevar vojvode Stepe Stepanovi¢a 75a, Banja Luka 75000,

Republic of Srpska, Bosnia and Herzegovina

THE FREQUENCY OF PRESENCE OF AFLATOXIN Bl
IN FOODSTUFFS OF VEGETABLE ORIGIN

ABSTRACT: Cereals, nuts and spices are foods that are used in the daily human diet.
According to FAO the average consumption of foods of vegetable origin in people’s diet is
increasing. Due to inadequate conditions during storage of foods of vegetable origin, there
is possibility of contamination by mold that produces mycotoxins. Since the intake of these
products in organism has been increased, there is a risk of exposure to mycotoxins and their
harmful effect on the consumers’ health. The aim of this study was to determine the presence
of aflatoxin B1 in products of vegetable origin (cereals, nuts and spices). Aflatoxin Bl was
determined by enzyme-imunochemical method (ELISA), using commercial kit. 38 samples were
tested. In 25 analyzed samples, the content of aflatoxin Bl was higher than 1 pg/kg (1 pg/kg
is limit of detection). Out of the total number of tested samples, in 18 samples the content of
aflatoxin Bl was determined higher than the allowed amount for this product group by the
current regulations (2 pg/kg for cereals, 2 pg/kg for nuts and 5 pg/kg for spices).

KEYWORDS: aflatoxin Bl, foodstuffs of vegetable origin, ELISA, safety

INTRODUCTION

Cereals, nuts and spices are foods that are used in the daily human diet. Ac-
cording to FAO (Food and Agricultural Organization) the average consumption of
foods of vegetable origin in people’s diet is increasing (Food and Agricultural
Organization, 2003). Although it is recommended to be used in people’s diet for
its nutritional composition, this food can cause adverse effects on human health.
Mold can be developed in seed products even before they get on the market due

* Corresponding author. E-mail: vesna.gojkovic@yahoo.com
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to inadequate conditions during the storage or inadequate treatment of products.
Mycotoxins are secondary metabolic products of mold. The most important
molds, which secrete mycotoxins, belong to the genera Aspergillus, Penicillium,
Fusarium and Alternaria species (Kabak, 2009). The most important myco-
toxins are aflatoxins, ochratoxin A, fumonisin, deoxynivalenol, zearalenone,
patulin (Kabak, 2009).

According to FAO (Food and Agricultural Organization, 2003) 30% of the
world cereal production is more or less contaminated with mycotoxins. Myco-
toxins can occur in all phases of food processing, before the harvest, during
the harvest and storage. Food damaged by insects, slow drying and storage of
seeds in wet conditions are suitable for mold development (Egmond et al. 2007).
Food contamination by mycotoxins can be direct and indirect. In the direct
contamination, mycotoxins get into the food as a result of mold growth on food,
and in the indirect, contaminated ingredients are used in the food processing
or food contains mycotoxin residues (Sinovec et al. 2006). Grain contamination
depends on the environmental conditions (moisture content, the relative humidity,
temperature, pH value). High soil moisture and grain damage are suitable for
mold development (Sinovec et al. 2006).

As a result of consuming food contaminated with mycotoxins, there are
serious health problems, which can sometimes be fatal (Boutrif, 1995). Myco-
toxins cause a variety of harmful effects on human and animal health, such as
hemorrhage, hepatotoxicity, nephrotoxicity, neurotoxicity. In addition, myco-
toxins can have teratogenic, mutagenic and carcinogenic effects on the body
(Chen et al. 2010). Due to harmful effects on human and animal health, the
European Commission (EC) has prescribed the maximum allowed content of
several mycotoxins in foods. Maximum allowed content of aflatoxin Bl in
foods ranges from 2.0-8.0 ug/kg (EC, 2006).

The best way to prevent mycotoxins development is to prevent mold growth
in all phases of production, collecting and transporting, treatment, storage and
processing of food. In order to achieve this, it is necessary to control the pres-
ence of mycotoxins and mold throughout the food chain.

B1, B2, G1, G2, M1 and M2 aflatoxins represent the highest danger to
human health. They are produced by molds of Aspergillus flavus and Aspergillus
parasiticus genus. Under the influence of ultraviolet light, aflatoxins Bl and
B2 fluoresce blue and aflatoxins G1 and G2 fluoresce green-yellow (Beltran
et al. 2009, Groopman and Kensler, 2005; Malir et al. 2006). Aflatoxin Bl is the
most toxic and it is always present in products that contain mycotoxins B2, G1
and G2 (Ili¢ et al. 2010).

The most commonly used methods for the determination of mycotoxins
content in foodstuffs are: reversed phase high pressure-liquid chromatography
(RP-HPLC) with UV or fluorescence detector, liquid chromatography (LC)
and gas chromatography (GC) with mass spectrometry and enzyme-immuno-
chemical method (ELISA) (Meneely ef al. 2011; Sulyok et al. 2010). The most
widely used method is the immuno-affinity chromatography with HPLC and
the screening method that is used for mycotoxins determination is ELISA
method (Krska and Molinelli, 2009).
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The aim of this study was to check the frequency of presence of aflatoxin
B1 in products of vegetable origin and to check whether content of aflatoxin Bl
was present in these products in legally prescribed amounts.

MATERIAL AND METHODS

The aflatoxin B1 content was determined in products of vegetable origin.
Samples were purchased on the market of the Republic of Srpska/Bosnia and
Herzegovina. They were divided into three groups: cereals (corn, wheat, barley)
— 13 samples, nuts (walnut, hazelnut, pistachios) — 19 samples and spices (cur-
cuma, white mustard, pepper) — 6 samples The samples differed according to
their type and the producer. They were prepared according to the instructions
of the kit manufacturer. The procedure was the same, only two types of solvents
were used. To extract cereals and spices, 70% methanol was used and to extract
nuts, 60% methanol was used (Tecna, 2016).

For the determination of aflatoxin Bl content in products of vegetable
origin, a commercial kit (Celer AFLA BI1, Tecna, Trieste, Italy) was used. The kit
contains a set of prepared chemicals. These are standard solutions of following
concentrations: 0, 1, 5, 20 and 40 pg/kg, conjugate, a wash solution, solution
for color development, a stop solution and 96 wells. The kit is stored at 2—6 °C,
according to manufacturer’s instructions (Tecna, 2016).

Aflatoxin Bl content in samples of vegetable origin was determined by
ELISA method, measuring the color intensity of the product which appeared
in the reaction between the enzyme and added substrate (Simat, 2010).

Softver Excel spreadsheet for Celer Afla Bl (MA220) was used to measure
the content of aflatoxin Bl in the products of vegetable origin.

RESULTS AND DISCUSSION

Table 1 shows the measured absorbance of standard solutions (solutions of
well-known concentration) of aflatoxin B1, using an ELISA reader at 450 nm.
Aflatoxin Bl standard solutions have the following concentrations: 0, 1, 5, 20
and 40 pg/kg.

Table 2 shows how many samples (cereals, nuts and spices) have the content
of aflatoxin Bl <1 pg/kg, 1-40 pg/kg and >40 pg/kg.

Table 1. The measured absorbance of aflatoxin standard solutions

Standard concentration (pg/kg) 0 1 5 20 40
The absorbance (450 nm) 2.4060 2.0380 0.9890 0.5440 0.4390
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Table 2. Aflatoxin Bl content in the analyzed samples

Samples Number Aflatoxin B, content

of samples (=1 pg/ke) (1-40 pg/kg) (=40 pg/kg)
Cereals 13 5 (samples) 4 (samples) 4 (samples)
Nuts 19 8 (samples) 3 (samples) 8 (samples)
Spices 6 — 4 (samples) 2 (samples)

According to producer, limit of detection for ELISA Celer Afla Bl (code
MAZ220) is 1 pg/kg for corn, nuts and pistachios and 2 pg/kg for dried fruit and
figs (Tecna, 2016).

Out of total 38 tested samples, 13 samples contained less than 1 pg/kg of
aflatoxin B1 (limit of detection is 1 pg/kg) ). Fourteen samples contained more
than 40 ng/kg of aflatoxin Bl. The content of Bl aflatoxin ranged between
1-40 pg/kg in 11 samples. For samples where content of aflatoxin B1 was
> 40 pg/kg, sample extract was dilluted (5x) and again determinated by enzyme
immunochemical method (ELISA).

The highest content of aflatoxin Bl in cereals was 88.29 nug/kg. According
to the Regulation of maximum prescribed amounts for certain contaminants in
food from Bosnia and Herzegovina, the maximum allowed content of aflatoxin
Bl in cereals is 2 ng/kg (Sluzbeni glasnik, 2014). Eight cereals samples contained
more aflatoxin B1, than the maximum allowed concentration.

The highest content of aflatoxin Bl in nuts was 94.87 ug/kg. According to
the Regulation of maximum allowed amounts for certain contaminants in food
from Bosnia and Herzegovina, the maximum allowed content of aflatoxin Bl
in nuts is 2 pg/kg. 8 samples contained more aflatoxin Bl than it is allowed by
the Regulation (Sluzbeni glasnik, 2014).

The highest content of aflatoxin Bl in spices was 99.64 ng/kg. According
to the Regulation of the maximum prescribed content for certain contaminants
in food from Bosnia and Herzegovina, the maximum prescribed aflatoxin Bl
content in spices is 5 pg/kg (Sluzbeni glasnik, 2014). Two samples contained
more aflatoxin Bl than it is allowed by the Regulation.

Czerwiecki et al. (2006) determined mycotoxins content in foodstuffs
(cereals and their products, nuts, culinary spices, coffee and dried fruit) available
on the Polish market. Mycotoxins content was determined by high pressure liquid
chromatography (HPLC) with fluorescence detector. The average content of
aflatoxin B1 in the nuts samples was 0.13 pg/kg. The highest content of afla-
toxin B1 in the analyzed samples was 7.8 pg/kg (this concentration exceeded
the permissible aflatoxin B1 content for nuts, as the European Union recom-
mended, 2 pg/kg. In the analyzed samples of cereals and spices, aflatoxin Bl
ranged from 0.02 to 0.4 pg/kg, and an average content was 0.12 pg/kg).

Pluyer et al. (1987) treated peanuts by roasting them in an oven at a tem-
perature of 150 °C, for a period of 30 minutes, and then they monitored what
would happen next. Based on the obtained results they concluded that the afla-
toxin B1 content decreased for 30—45%. Yazdanpanah et al. (2005) treated pista-
chios by frying them at a temperature of 90, 120 and 150 °C, for 30, 60 and
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120 minutes. It could be noticed that the aflatoxin B1 content decreased for
17-63%, depending on the time and temperature of frying. Ogunsanwo ef al.
(2004) conducted studies, based on the process of drying seeds at 140 °C for a
period of 40 minutes. On that occasion, the content of aflatoxin Bl decreased
by 58.8%. Drying at a temperature of 150 °C for a period of 25 minutes, afla-
toxin Bl content decreased by 68.5%.

Number of tested samples in this study was small (38), therefore it was ex-
pected to get the high percentage (47.37%) of contaminated samples. Considering
that the main source of mycotoxins are cereals in the human and animal food
chain, it is possible to prevent mold growth and the formation of mycotoxins
by applying the measures, good manufacturing practices and the application of
HACCEP principles. These measures include the selection of varieties resistant
to mold, weed control, drying of the grain reducing mechanical damage to a
minimum during the harvest, as well as proper drying and storage. In order to
protect consumers, it is very important to know the stability of different myco-
toxins during thermal processing.

CONCLUSION

In the group of tested samples of cereals, 8 samples contained more afla-
toxin Bl than it was allowed. In the group of tested samples of nuts, 8 samples
contained more aflatoxin Bl than it was allowed. In tested samples of spices,
2 samples contained more aflatoxin Bl than it was allowed. In 25 analyzed
samples, the content of aflatoxin Bl was higher than 1 pg/kg (1 pg/kg is limit
of detection).

Taking into consideration the small number of tested samples, with a
prior suspicion of the presence of mycotoxins, the authors are reserved about
the high percentage of contaminated samples in relation to the tested ones.
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YUECTAJIOCT IIOJABE ADJIATOKCHUHA b1
Y HAMWPHUITAMA BUJBHOI ITOPUJEKIJIA

Becna C. TOJKOBUR', Pajocnas JI. TPYJUR', Mapko M. UBAHOBUR',
Kespka P. MAPJAHOBI/ITl BAJIABAH?, I[paraH I1. BYJAJIUHOBUR',
Munan C. BYKI/ITl

"' Vausepsuter y Uctounom CapajeBy, TexHomomku (axkyareT 3BOPHUK,
KaE)aKaj 60, 3BopuuK 75400, Pemry6nuka Cpricka, bocna n Xeprerosuaa
VYuusepsuret y bamoj Jlynn, lymapcku ¢pakynreT bama Jlyka,
Bynesap Bojeoge Crene Ctemanosuha 75a, bama Jlyka 75000,
Peny6nuka Cpricka, bocna u Xepiierouna

PE3UME: Xwurapune, jesrpacto Bohe 1 3aunHM NPEACTaBIbajy HAMUPHHUIIE KOje
ce KOPHUCTE y CBaKOIHEBHO] HcXpaHu Jbyau. [Ipema mogannma ®AO-a mpocjeuna mo-
TPOIIha HAMUPHHIIA OUJBFHOT TIOpHjeKJIa moBehasa ce y MCXpaHu CTaHOBHHINTBA. YCiIe/
HEaJIeKBaTHUX YCJIOBA TOKOM CKJIQJIHIITSHa HAMUPHHIIA OMJBHOT MOPHjEKJIa, TOCTOJH
MoryhHOCT 1a fohe 10 ’bUX0BE KOHTAMHMHALM]E TLIHjECHNUMA, KOj€ IIPOU3BO/IE MUKOTOK-
cure. C 003MpoM Ha MOPACT YHOCA OBHX ITPOM3BOJIA Y OpraHU3aM, HOCTOjU PU3UK YHOCA
MHKOTOKCHHA M FbHXOBOT LUITETHOT /jENI0BaRba Ha 3/[paBibe norpowaya. Lusk oBor pana
010 je na ce yTBpaU npucycTBo adarokcuHa bl y mpousBoarma OMIBHOT OpHUjeKia
(xuTapwule, jesrpacto Bohe u 3aunnm). Onpehupame canpxaja apnaroxcuna b1 Bpie-
HO j& €H3UMCKO-UMYHOXEeMH]jCKOM MeTosioM (EJIMCA), xopunihemheM KOMEPIIH]jaTHOT
kuta. UcnutuBano je 38 y3opaka. Kox 25 ncnuruBanux y3opaka caipikaj adiaTokCuHa
b1 6wo je Behu on 1 pg/kg (1 pg/kg npencrasiba mumut nerekmuje). Ox yKyImHO TECTH-
panux y3opaka, y 18 je yrBphen canpxaj adpnarokcuna b1 Behn on konmnuuHe 103B0-
JbEHE 32 OBE TPYIIC TPOM3BOA y BaxkehuM mpomucnuma.

KJbYUYHE PUJEYN: adpnarokcun b1, HamupHune 6usbHor nopujexia, EJIMCA,
0e30jenHOCT
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DEOXYNIVALENOL OCCURRENCE IN SERBIAN MAIZE
UNDER DIFFERENT WEATHER CONDITIONS

ABSTRACT: The aim of this paper was to investigate deoxynivalenol (DON) occur-
rence in maize samples originating from two harvest seasons in Serbia. The key differences
between harvest seasons were weather conditions, specifically the humidity. The samples
were analyzed using high performance liquid chromatography with DAD detection, after
clean-up on SPE columns. In samples from 2014, DON was found in 82 (100.0%) samples
with the average content of 2.517 mg/kg (ranged from 0.368 to 11.343 mg/kg). Two samples
exceeded maximum level permitted by EU regulations. However, analyzing larger number
of samples (163) from 2015 harvest season, DON was present in 51 (31.3%) samples in signifi-
cantly lower concentrations (average of 0.662 mg/kg, ranged from 0.106 to 2.628 mg/kg).
None of the samples from 2015 exceeded maximum level permitted by EU regulations. The
data on DON presence in Serbian maize were in relation to the different weather conditions
that prevailed during the two harvest seasons.

KEYWORDS: deoxynivalenol, HPLC, maize, Serbia, weather

INTRODUCTION

Deoxynivalenol (DON) is the most widely spread mycotoxin from the
trichotecene group. It is most commonly produced by Fusarium graminearum
and F. culmorum molds. Maize is one of the most susceptible crops to Fusarium
infection. A disease of maize caused by Fusarium molds is known as Gibberella
ear rot (JECFA, 2001).

* Corresponding author. E-mail: sasa.krstovic@stocarstvo.edu.rs
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Animal’s susceptibility to DON exposure differs among species. Pigs and
poultry are extremely susceptible, while ruminants are relatively unaffected
(Pestka, 2007). Most common symptoms of chronic DON intake are decreased
food intake and growth, as well as altered immune function. Acute poisoning
with high doses of DON causes acute gastroenteritis with vomiting (Pestka,
2007).

The European Union regulated DON content in cereals and cereal products
with the exception of maize by-products at 8 mg/kg (European regulation, 2000).
In Serbia, the maximum permitted level for this mycotoxin has been changed
recently. Until 2014, the maximum permitted level for DON was regulated only
in complete and supplementary diets for pigs (0.5 mg/kg) (Serbian regulation,
2010). Since April 2014, the Serbian legislation has been harmonized with the
European legislation (Serbian regulation, 2014).

In Serbia, arable land covers about 74.3% of utilized agricultural land. In
2015, in the structure of sown arable land areas, cereals participated with 68.8%,
industrial crops with 14.5%, vegetables with 2.5% and fodder crops with 9.6%
(Statistical Office of the Republic of Serbia, 2016). However, cereals were grown
on 1,782,010 ha in 2015, which is less compared to 2014 (1,819,188 ha). During
2015, maize was harvested from 1,010,227 ha, with total production of 5,454,841 t.
The average yield in 2015 was 5.4 t/ha, which is lower in comparison with 2014
(7.5 t/ha) and 2013 (6.0 t/ha) (Statistical Office of the Republic of Serbia, 2016).
Furthermore, in 2016 Serbia was ranked among top ten maize exporters (Index
Mundi, 2016), and among top twenty maize producers in the world (Index
Mundi, 2016a).

RASFF (2017) reported five notifications regarding DON presence in
maize and maize products originating from Serbia for the years 2014-2016.
The highest notified level (16.18 mg/kg) was detected in corn flour in 2015.
However, no notifications have been made in 2017 so far.

The aim of this research was to determine DON content in maize samples
from 2014 and 2015 harvests, collected in Serbia. Also, the presence of DON
was investigated in terms of weather conditions recorded during the period of
investigation.

MATERIALS AND METHODS

Chemicals

Acetonitrile and water (all HPLC grade) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). DON crystalline substance (D0156) was also purchased
from Sigma-Aldrich (St. Louis, MO, USA). Calibration solution was prepared
in ethyl-acetate:methanol (19:1, v/v) at the concentration of 0. mg/ml from
crystalline substance according to AOAC method 986.17. Stock solution was
prepared by measuring 1.00 ml of calibration solution of DON into a 10 ml
volumetric flask and diluting to volume with ethyl-acetate:methanol (19:1, v/v).
Working calibration solutions were prepared by evaporating the appropriate
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volume of the stock solution and diluting with 1.00 ml of mobile phase. Standard
solutions were stored at 4 °C.

Samples and sample preparation

In total, 245 (82 from 2014 and 163 from 2015 harvest) samples of maize
were randomly collected from different locations in Serbia. Each sample was
immediately transported to the laboratory and was stored in a freezer at -20 °C
until analysis. Prior to each analysis, the samples were allowed to reach room
temperature. All samples were milled on a laboratory mill in such a way that
>93% passed through a sieve with pore diameter of 0.8 mm and a portion was
taken for analysis.

Twenty-five grams of maize sample were extracted with 100 ml aceto-
nitrile: water (84:16, v/v) by high speed blending on an Ultra Turrax (Ultra Turrax
T18, IKA, Staufen, Germany). The extract was filtered through slow filtration
filter paper (Filtros Anoia, Barcelona, Spain) and 3 ml was cleaned up on Myco-
sepI' M 225 (Trich) columns (Romer Labs. Inc., Union, MO, USA). The cleaned-up
extract was evaporated just to dryness on a Reacti-Therm™ Heating/Stirring
Module (Pierce, Rockford, IL, USA) in gentle steam of nitrogen delivered by
Reacti-Vap™ Evaporator (Pierce, Rockford, IL, USA).

HPLC analysis

The HPLC analysis was carried out by slightly modified chromatography
conditions proposed by Abramovic¢ et al. (2005).

The equipment consisted of an Agilent Technologies 1260 series HPLC
system (Agilent Technologies, USA) with a DAD detector and a column Hypersil
ODS (150 x 4.6 mm ID, particle size 5 pm, Agilent Technologies, USA).

The DON analysis was performed after evaporation. The residue was
redissolved in 300 pl of mobile phase and filtered through a 0.22 pm nylon
membrane filter (Agilent Technologies, USA). A 15 pl aliquot of the solution was
injected into the HPLC system. The mobile phase consisted of an isocratic
mixture of water:acetonitrile (84:16, v/v), with a flow rate of 0.8 ml/min. The
detection of DON was performed at 220 nm. The mobile phase was filtered
through a 0.45 um regenerated cellulose membrane filter (Agilent Technologies,
USA). Identification of DON was done by comparing the retention times and
spectra of DON from samples with those of the standards.

RESULTS AND DISCUSSION

Samples of maize collected during two different harvests (2014 and 2015),
were analyzed for the presence of DON and the results are presented in Table 1.
As can be seen, there was a significant difference in DON presence between
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production years. In 2014, DON was found in 100% samples, while in 2015 its
content was above the LOQ in 31.3% of analyzed samples. The average DON
content in 82 analyzed samples from 2014 was 2.517 mg/kg with the median
value of 2.100 mg/kg. In a large number of samples from 2015 (163), significantly
smaller average DON content (0.662 mg/kg) and median value (0.458 mg/kg)
were found in comparison with samples from 2014 harvest. Despite high pres-
ence of DON in maize from 2014 harvest season, only 2 (2.4%) samples con-
tained DON above maximum permitted level (8§ mg/kg) regulated by Serbian
regulation (2014) and European regulation (2006). On the other hand, no samples
from 2015 harvest exceeded mentioned regulations.

Table 1. DON content in maize samples.

Harvest year 2014 2015 Total
Number of samples 82 163 245
Positive samples, % 100.0 31.3 54.3
Average, mg/kg 2.517 0.662 1.806
Median, mg/kg 2.100 0.458 1.467
Standard deviation, mg/kg 1.904 0.649 1.790
Range, mg/kg 0.368-11.343 | 0.106-2.628 | 0.106—11.343
Number of samples above EU regulation (%) 224 0 (0.0) 2(0.8)

Sutton (1982) described that in case of maize, Fusarium infection most
commonly takes place through the tip of the ear, when the fungi penetrate
through the silk in the phase of maize flowering. Exceptionally humid weath-
er in the period from silking to ripening enables ear contamination (Vigier et
al. 1997). The ear is the most sensitive to contamination at the beginning of
silking, while this sensitivity lowers with silk aging (Reid ef al. 1992; Reid and
Hamilton 1996). The silking period in Serbia takes place during the month of
July and the first half of August.

According to the reports of the Republic Hydrometeorological Service of
Serbia (2014), in the territory of Serbia was recorded the most humid weather
in the past 45 years. During the vegetation period of 2014, an average of 700
mm of rainfall was noted, which was 2 to 3 times higher in comparison with
the multi-annual average. Standardized precipitation index (SPI-6) showed
extreme moisture conditions in most parts of Serbia during this period (April—
September). Regarding the critical period for Fusarium infection of maize
(July—August), it was characterized as moderately warm with very humid and
rainy weather. The most frequent precipitation was recorded during July and
early August (Figure 1). Maximum mid-day air temperatures during the summer
were below average, while mornings were warm with minimum temperatures
above the average. Also, during the summer, a frequent occurrence of extreme
weather with hail storms was recorded, that caused damage to crops and probably
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contributed to Fusarium infection of maize. Additional factor for high DON
occurrence in 2014 was the period of harvest. The maize harvest in 2014 lasted
unpredictably long, from mid-September through mid-December, due to wet
weather in autumn (United States Department of Agriculture, 2015). Further-
more, maize moisture content was above 20% at the beginning of the harvest
and most possibly contributed to the development of Fusarium mold and sub-
stantial DON production.

Summer of 2015 (June—August) was warmer compared to a long-term aver-
age, with significantly less amount of rainfall. Besides the rainfall quantity,
rainfall distribution during the year was also unfavorable for crops (Republic
Hydrometeorological Service of Serbia, 2015). Based on the standardized pre-
cipitation index (SPI-3), the humidity conditions in 2015 were unfavorable in main
agricultural areas of Serbia. The most unfavorable period for most agricultural
crops was from the end of the first decade of July to mid-August (Figure 2), and
the most affected were spring crops, especially maize (Republic Hydrometeoro-
logical Service of Serbia, 2015). Although dry weather usually leads to a plant
stress (Zandalinas et al. 2017), it is not quite favorable for Fusarium molds growth
as well. But then again, during the second half of August some precipitation
was registered and this may have led to Fusarium growth and DON production
afterwards. In addition, during September 2015 the weather was warmer, com-
pared to long-term average, with higher amount of rainfall.

Harvest season of 2014 was undoubtedly extremely favorable for the growth
of Fusarium molds due to the extremely humid and relatively warm weather.
On the other hand, most of the vegetation period in 2015 was probably unfa-
vorable for Fusarium molds growth, except maybe in September, when the
amount of precipitation was above long-term average precipitation.

In Serbia, the importance of DON occurrence in maize and other cereals
has not been properly perceived until recently. Jaji¢ et al. (2008) gave the first
indications of the presence of DON in most commonly grown cereals in Serbia.
The authors examined 139 samples of different cereals from 2004 and 2005
harvests for the presence of this mycotoxin. DON occurrence in maize was
44.7% in range from 0.04 to 2.46 mg/kg. The authors also noted that during
2004 and 2005 occurred favorable weather conditions for the development of
F. graminearum. Later, Kos et al. (2014) analyzed 90 samples of maize from
Autonomous Province of Vojvodina for the presence of Fusarium mycotoxins.
Samples were collected after 2012 harvest, when drought conditions prevailed.
The authors found no samples containing DON, while some other Fusarium
toxins occurred. More recently, Kos et al. (2017) presented the results of a
three-year DON monitoring in Serbian maize. The authors analyzed a highly
representative number of samples (1,800) and came up with conclusions that
amount of precipitation represented a climatic factor with the strongest influence
on the DON occurrence in maize.
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CONCLUSION

In conclusion, it can be said that the high DON presence and its content
during 2014 was a consequence of rather favorable weather conditions for
Fusarium mold growth that prevailed in almost entire territory of Serbia during
vegetation period (April-September), particularly during maize silking period
(July—August). The results may also be the consequence of the extremely humid
conditions during fall months and high moisture content of maize, which resulted
in maize harvest delay up to mid-December. It is significant to emphasize that
development of Fusarium mold and DON production in 2014 was similar to
extreme Aspergillus infection and aflatoxin contamination in maize during
2012. However, since aflatoxin is known as carcinogenic substance, its occur-
rence involved more public attention than DON. In contrast, samples from 2015
showed significantly lower presence of DON, along with its lower levels. Less
favorable weather conditions for Fusarium growth were the reason for this, since
the humidity conditions were predominantly important for their growth and
DON production.
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I[TOJABA JEOKCUHUBAIJIEHOJIA V KYKYPVY3Y U3 CPBUJE
[TPU PA3JIMYUTUM BPEMEHCKHUM YCJIOBUMA

Urop M. JAJI/I'Fll Camia 3. KPCTOBI/I'BI Canpapa M. JAKIHI/ITl2
Tl'opuna Jb. BVKOBI/IT13 Bojucnasa I1. BYPCI/I"B4 Hapxo M. FVJ’LAH_[]

! Vaugepsurer y HoBom Cany, IlossonpuBpennn daxynTet, JlenapTMan 3a CTO4apcTBo,
Tpr Jocuteja O6panosuha 8, Hosu Cax 21000, Pery6onuka Cpouja,
? HayuHu MHCTUTYT 3a BeTepuHapcTso ,,Hou Cax*
PyMeHaqKH myT 20, HoBu Cax 21000, Pemmy6nuka Cpouja
3 I'pazickm 3aBoJ 3a jaBHO 371paBsbe beorpan,

Bynesap necriota Credana S4a, beorpan 11000, Penyonuka Cpouja

Yuusepsuter y HoBom Cany, [TossonpuBpentu dakyirer,

Jenaptman 3a GUTOMEIUIIMHY M 3alITHTY JKUBOTHE CPEIIMHE,

Tpr Jocureja O6panosuha 8, Hou Cax 21000, Peny6nuka Cpbuja

PE3MME: [{uss oBor paja OHO je Ja ce UCIKTA [ojaBa JCOKCUHUBAJICHONA Y Y30P-
nUMa KyKypy3a koju notuuy u3 CpOuje u3 asa xxerBena nepuoja. Kibyuny paszinuky
uzMel)y Ba )keTBEHa Mepuoia Cy YNHUIIA BPEMEHCKH YCIIOBH, & HAPOUUTO YCIIOBH BJIa-
YKHOCTH. Y30pLH Cy aHAJTU3UPAaHH TEXHUKOM TeuHe XpoMaTorpaduje BUCOKUX nepdop-
mancu (HPLC) ¢ nerextopom ¢ Huzom auona (DAD), nakon npeunmhaBama Ha SPE
konoHama. Kana cy y nuramy y3opiu u3 2014. ronuse, mpucycTBO JEOKCUHUBAJICHOIA
je yrpheno y 82 (100,0%) y30pKka ca cpenmuM capikajeM OBOI MUKOTOKCHHA 01 2,517
mg/kg (orcer o 0,368 mo 11,343 mg/kg). JIBa y30opka cy npeBas3uiia3uia MaKCUMaJIHA
HHBO KOjH J¢ 103BOJBEH €BPOIICKOM 3aKOHCKOM peryiatnsoM. C Apyre CTpaHe, aHaIu3H-
pajyhu Behu Opoj ysopaka (163) u3 2015. ronnse, 1eOKCHHHBAJICHOI je OHO PUCY TaH
y 51 (31,3%) y30pKy y 3Ha4ajHO HHKHUM KOHLEHTpauujama (IpoceyHa BPEAHOCT Of
0,662 mg/kg, y oncery ox 0,106 mo 2,628 mg/kg). Hujenan ox y3opaka u3 2015. Huje
MpeBa3nIa3uo MaKCUMaTHU canp»xaj MIPOITUCAH EBPOIICKOM perynaTuBoM. [logamnm o
MIPUCYCTBY JACOKCHHHUBAJICHOA Y KyKypy3y n3 CpOuje MOrIu Cy ce MoBe3aTu ca 3Ha4aj-
HO JpyTa4yrjuM BPEMEHCKHM YCIOBHMa KOju Cy npeoBnaljuBanu Ha Teputopuju Cpouje
TOKOM OBE J[BE KETBEHE TOJUHE.

KJbYUHE PEUU: neokcunusanenon, HPLC, kykypy3, CpOuja, BpeMEHCKHU yCIOBU
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APPLICATION OF ATR-FTIR ANALYSIS FOR
DETERMINATION OF FUMONISINS IN CORN

ABSTRACT: In order to develop rapid, inexpensive and, at the same time, reliable
method for the analysis of molds of the genus Fusarium as an indicator of the presence of
fumonisins in corn samples, possible application of Fourier transform infrared spectroscopy
(FTIR) with attenuated total reflection (ATR) technique was examined. The content of fu-
monisins in contaminated corn samples had previously been quantified by ELISA method.
At the spectrum of the sample contaminated with a high concentration of mycotoxins, there
was a lack of the peak at 1,743 cm™, but the peak was observed at 1709 cm™'. To the purpose
of result classification the principal component analysis (PCA) and cluster analysis were
applied. Conclusions of the two methods were similar both when applying ATR technique in
the whole region of the spectrum (1,150-1,770 cm™) and when the whole spectrum was di-
vided into two regions: 1,150—1,450 and 1,450—1,770 cm™'. However, classification of samples
was somewhat better in the ranges 1,150—1,770 and 1,450—1,770 cm™'. Of the 16 analyzed
corn samples, only very contaminated corn sample with 190 mg/kg was correctly classified
as compared to the other samples with the content of less than 10 mg/kg. Also, it was found
that evaluation of fumonisins in corn by this technique requires further investigation encom-
passing recording of spectra of contaminated corn of the same genotype in order to avoid

the possible impact of different hybrids on the spectrum.
KEYWORDS: ATR-FTIR, fumonisins, corn

INTRODUCTION

Thanks to its numerous advantages such as: easy to use, fast, non-invasive
and non-destructive, infrared spectroscopy has been widely applied in the field

* . . .
Corresponding authors. E-mail: sandra@niv.ns.ac.rs
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of plant protection as well as analysis of the quality and safety of food and
animal feed (Dale et al. 2012) and particularly in quality control and production
process monitoring in food industry (Poji¢ and Mastilovi¢, 2013). To this end,
spectra recorded at various wavelength ranges and different methods for re-
cording and processing of the spectra are used. However, the obtained spectra
contain information about the overall physical-chemical characteristics of the
analyzed sample, thus, qualitative and quantitative chemometric methods are
indispensable for developing a calibration model. Calibration model defines
the relationship between the obtained spectral data and compound content or
feature of interest. Among others, qualitative methods encompass the analysis
of principal components (PCA) (Kos et al. 2002; Abramovi¢ ef al. 2007) and
cluster analysis (Kos et al. 2003; 2004; Abramovic¢ et al. 2007) and artificial
neural network (Gordon et al. 1998). Quantitative methods include multiple
linear regression (MLR) (Abramovi¢ et al. 2007), partial least squares (PLS)
regression (Della Riccia and Del Zotto, 2013) and others.

In recent times, fundamental or mid-infrared (IR) (Gordon et al. 1998; 1999;
Kos et al. 2002; 2003; 2004; Abramovi¢ et al. 2007) and near-infrared spectros-
copy (NIR) (Dowel etal. 2002 Berardo et al. 2005; Gaspardo et al. 2012; Della
Riccia and Del Zotto, 2013) have been applied for detection of fungi and to
predict the occurrence of mycotoxins. Considering very low levels of mycotox-
ins in cereals, this technique relies on prediction of the presence of mycotoxins
based on the identification of fungal-damaged kernels (Poji¢ and Mastilovic,
2013). The detection of fusarium fungi as an indicator for the presence of deox-
ynivalenol (min 310 pg/kg) according to Kos et al. (2002; 2003) requires the
application of Fourier transform infrared spectroscopy (FTIR). Multivariate data
analysis allows for more than one wavelength to be taken into account for sta-
tistical treatment of spectra. Therefore, selection of a suitable set of wavelengths
can give a good representation of the spectral measurement minimizing the
impact of noise and eliminating irrelevant information (Kos et al. 2003). More-
over, ATR technique proved advantageous over diffuse reflection (DR) due to
better classification and quantification performance as well as simple usage and
easier interpretation of the results (Kos et al. 2004; Abramovi¢ et al. 2007).

Apart from the methods of the mid-infrared spectrum, detection of fungi
and prediction of mycotoxin contamination were frequently performed using NIR
spectroscopy. Measurements in near-infrared region proved appropriate for quan-
titative evaluation of visible changes in the kernel and estimation of the levels of
DON (Dowell et al. 1999; Delwiche, 2003; Delwiche and Hareland, 2004; Siuda
et al. 2006), fumonisin (Dowell et al. 2002; Berardo et al. 2005) and aflatoxin
(Pearson ef al. 2004). The application of Fourier transform instruments (FT-NIR)
has been showing increasing tendency because of a high signal-noise ratio, ac-
curacy in wavelength defining, rapid spectral recording and high resolution (De
Girolamo et al. 2009; Gaspardo et al. 2012; Della Riccia and Del Zotto, 2013).

Taking into consideration permanent and increasing need for more rapid
and cost-effective analysis methods, this study is aimed at investigating poten-
tial application of FTIR method as a screening approach in the determination
of fumonisins.
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MATERIAL AND METHODS

Corn samples (13) artificially inoculated with fungus Fusarium verticili-
oides were used to investigate the possibility of determining fumonisin content
using FTIR spectroscopy. In all samples, the contents of total fumonisin were
determined by ELISA method utilizing ELISA Ridascreen® Fumonisin R3401 test
kit according to manufacturer’s instruction (R-biopharm, www.r-biopharm.de).

Prior to recording FTIR spectra, each sample was prepared by grinding
in a laboratory mill in such a way that 93% passed through a sieve with pore
diameter of 0.8 mm. Spectra were recorded using a Thermo Nicolet Nexus 670
spectrometer with deuterated triglycine sulfate (DTGS) as detector which requires
no maintenance. The 1nterfer0meter was operated at scan rate of 0.47 cm/s All
spectra were acquired at 4 cm ' resolution between 650 and 4,000 cm™, as
described by Abramovi¢ et al. (2007). Unbiased raw data, w1thout smoothlng,
baseline corrections or other manipulations, were collected. The spectra were
acquired using software provided with the spectrometer. All spectra (used for
statistical treatment) were averaged from four repeated ATR measurements,
each recorded from a new sub-sample. These averaged spectra were normal-
ized. Several spectral windows were chosen for data analysis. Further data
analysis was performed with data analysis software system PAST (version 2.12,
Oslo, Norway). The number of data points varied from 300 to 620 for each
spectrum before PCA calculations. PCA was based on covariance matrix of
active variable. Results were displayed as score/score plots. Cluster analysis of
relevant principal components for classification purposes was performed using
Chords distance and average linkage method (Miller and Miller, 2010).

RESULTS AND DISCUSSION

Having in mind the results obtained by Abramovi¢ et al. (2007), we applied
only ATR technique with previous assessment of the effects of particle size on
the reproducibility of measurement in given experimental conditions. The results
revealed satisfactory reproducibility of spectral measurements provided that 90%
of particles were < 0.8 mm 1n size. Even though we recorded the entire spectrum
in the range 600—4,000 cm ™', higher wave number regions of 1,170 cm™' were
not displayed smce they are irrelevant for this research. Namely, spectral chang-
es at ~3,300 cm ™' were excluded from the calculations because the intensity of
the OH- stretehmg vibration had a rather large variation, mainly because of the
drying process, which was not very reprodu01ble Valence oscﬂlatlons of C-H
bonds in the CH, group were observed in the ranges 2,925 and 2,855 cm ™', which
were also removed due to their non-specificity. The changes in atmospherlc
concentration of CO, result in spectral alteration in the range between 2,250
and 2,400 cm™, so this spectral region was excluded from further analy51s

As visible in Figure 1A, in spite of only slight differences between the
spectra of corn samples, visual inspection reveals changes in the spectrum of
the sample contaminated with higher fumonisin content (1) as compared with
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the sample with lower concentration (2) in the range 1,700—1,750 cm™'. Namely,
in the spectrum of the sample contaminated with higher mycotoxin concentra-
tion there is apparent lack of the peak in 1,743 cm™', whereas peak is visible in
1,709 cm™ (Figure 1B).

Similar spectral changes in wheat were observed in a study of DON-
contamination of wheat (Abramovic et al. 2007). Quantification of DON using
PLS and MLR method showed good correlation with the reference HPLC
method. The authors also reported certain advantages of ATR over DR technique
reflected in better differentiation between contaminated and non-contaminated
samples, as well as its simple and easy usage. It was also established that the
assessment of DON-contents in wheat is feasible by measuring absorbance at
only two wave numbers (1,709 and 1,743 cm™'). Namely, for the majority of spectra
of contaminated wheat the carbonyl peak in 1,743 cm™' (ATR) was lower than
that of the non-contaminated wheat. The correlation between shoulder height
in 1,709 cm™' (ATR) and occurrence of fungi on wheat has also been estab-
lished. Similar results were reported by Gordon et al. (1998) after investigating
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Figure 1. FTIR spectra of corn with 190 mg/kg (1) and 0.325 mg/kg fumonisins (2) (A);
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applicability of FTIR spectra for detection of corn kernels infected with my-
cotoxigenic molds. Shoulder height is an empirical feature for which no bio-
chemical rationale has been proposed so far (Gordon ef al. 1998). However,
our research did not include sufficient number of such highly contaminated
samples to determine the correlation of fumonisin concentration and the height
of the aforementioned peak.

In order to establish relevant information that could enable differentiation
of other, less contaminated samples, potential application of multivariance
method was investigated. Sample numbers on Figures 2—4 represent fumonisin
concentration (mg/kg) determined using ELISA. We attempted to enable sat-
isfactory classification by narrowing spectral range to the optimal one. It was
established that classification of the results obtained using PCA and cluster
analysis was similar, irrelevant whether ATR techmque was applied in the
entire aforementioned spectral region (1,150-1,770 cm™ " or the same s?ectral
region was divided into two regions: 1,150—1,450 and 1,450—1,770 cm

Major components of PC1 and PC2 calculated from the average ATR
spectra in different spectral ranges are shown in Figures 2—4. Data treatment
was kept to a minimum. All data represented the average of four consecutive
measurements and then normalized. As obvious from the Figures 2—4, quite good
differentiation between the less contaminated and highly contaminated samples
was obtained. Two clusters of less contaminated and highly contaminated corn
were clearly separated.

These two clusters are also reflected in the resulting dendrogram after
performing cluster analysis with the first two principal components, which ena-
bles an accurate classification of samples with fumonisin contents of less than
10 mg/kg and those with 190 mg/kg (Figure 5).
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Figure 2. PCA of averaged and normalized FTIR spectra of corn with different
fumonisin content. Sample numbers in the plot represent fumonisin concentration
expressed in mg/kg. Analyzed spectral range 1,150—-1,770 cm™'

51



Lo 243
L]
20
= 5.49 B p.325
=~ . -
2 4.91 B 1“'19 6.68
I . 08 1.86 -
0 15 18 -5 05 10 15 40 5
£ 6.56 * asf 025
S 491 ¢ 9.70 * 220 190
1.0
0.663 425" 5.07 .
15
-2.0

Component 1: 96.60%
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Samples with low fumonisin contents were impossible to classify, which
is most likely due to the differences in the structure of various corn hybrids
(Abramovic et al. 2007).
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Figure 4. PCA of averaged and normalized FTIR spectra of corn with different
fumonisin content. Sample numbers in the plot represent fumonisin concentration
expressed in mg/kg. Analyzed spectral range 1,450—1,770 cm ™'
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Figure 5. Cluster analysis of average and normalized FTIR spectra (A: 1,150—1,770 cm™';
B: 1,150-1,450 cm™'; C: 1,450—-1,770 cm’l) of corn with different content of fumonisin.
Dendrograms obtained by Chord’s average distances. The numbers of samples
represent the concentrations of fumonisins in mg/kg.

Namely, only highly contaminated sample was clearly separated from
other contaminated samples. Clear separation and linking of sub-clusters of
contaminated samples was not adequate. When spectra were analyzed in the
ranges 1,150—1,770 and 1,450-1,770 cm™', besides the separation of the sample with
fumonisin content 190 mg/kg, two clusters of corn with fumonisin contents
2.13 to 10.19 mg/kg separated according to the similar pattern. However, in the
ranges 1,150-1,450 cm ™', the sample with 190 mg/kg fumonisin was not clearly
separated from other samples.
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CONCLUSION

According to the obtained results of recordings of ATR-FTIR spectra, the
16 analyzed corn samples were classified into two clusters — the first one with
highly contaminated corn sample (fumonisin content 190 mg/kg) and the second
one with fumonisin content less than 10 mg/kg. Namely, with fumonisin con-
tent of less than 10 mg/kg classification of corn samples into separate clusters
was not possible using the aforementioned method. This is most probably due
to the fact that different corn hybrids were analyzed. To that end, investigation
of the spectra of contaminated corn of the same genotype is planned to elimi-
nate potential effects of different hybrids on spectral appearance.
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[NPUMEHA ATR-FTIR AHAJIM3E 3A OAPEDUBABE
OYMOHU3NHA ¥V KYKYPY3Y

Cangpa M. JAKILIUR', Urop M. JAJUR?, Becna H. JIECIIOTOBUR?,
Mununa M. )KMIBKOB- BAJ'IOU_I' I/IropM CTOJAHOB1 Cama 3. KPCTOBI/I"B2
3opan C. MAH_II/ITl , bumbana @. ABPAMOBI/I"Fl3

"Hayunu uHCTHTYT 3a BeTepuHapcTBo ,,Hosu Can®,
Pymenauxu myT 20, HoBu Caz 21000, Penry6mmka Cpouja
2 Vuusepsuter y HoBom Cany, HOJLOHpI/IBpe,HHI/I (I)aKyJITeT JenapTMaH 3a cTo4apcTBoO,
Tpr Jocuteja O6pamosuha 8, Hosu Can 21000, Pery6nuka Cp6uja
Yuusepsuret y Hosom Cany, IlpupogHo-maTreMaTnyuku haxkymiTeT,
JlemapTMaH 3a GHOJIOTH]Y B €KOJIOTH]Y,
Tpr Jocuteja O6panosuha 3, Hopu Can 21000, Peny6nuka Cpouja

PE3UME: V by pa3Boja Op3e, jedpTrHE, 8 y HCTO BpeMe MOy3/1aHe METO/IC aHAIIN3e
TUIECHU pojia Fusarium Kao MHIUKATOpa IPUCYCTBa ()YMOHH3NHA y Y30pIIMa KyKypy3a,
UcruTaHa je MoryhHocT mpumene nHppapBeHe creKkTpockonuje ¢ DyprjeoBuM TpaHc-
¢opmom (FTIR) npumenom Texnuka ymamene ykynne peduekcuje (ATR). Canpixaj
(pymoHHn3MHa y y30pHHMa KOHTAMHHHPAHOT KyKypy3a IIPETXOHO je KBAaHTH(QHUKOBAH
ELISA meronom. Koz criektpa y3opka KOHTAMHHHPAHOT C BHCOKOM KOHICHTPALMjOM
MHKOTOKCHHA yOueH je HemocTaTak nuka Ha 1.743 cm™', anu je youena nojasa nuka Ha
1.709 cm™'. 3a knacuduxanujy pesynrara kopunrhene cy aHaJIM3a TJIaBHUX KOMIIOHE-
HaTa (PCA) Y KJIacTep aHaJIM3a, a 3aKJby4Iln 00e MeTozie ¢y Oumu cinuuHu kanaa je ATR
TeXHUKa IPUMemKBaHa y 1eloM peruony crekrpa (1.150-1.770 cm™), Kao M Kaza je
HICTH [IC0 CIICKTpa MOesbeH y Ba perrnona: 1.150-1.450 n 1.450-1.770 cm™ ! MehyTtum,
KJIacu(UKaIja y3opaka je HEIITO 00Jpa Kasa ce aHAIHM3MPA CIEKTap y OICe3nMa
1.150—-1.770 u 1.450—1.770 cm™'. Ot 16 ananu3mupanux y30paka KyKypy3a KOPEeKTHO je
KIIacH(pUKOBaH JeAMHO jaKO KOHTAMUHUPaH KyKypy3 ca 190 mg/kg y onnocy Ha ocraie
ca cagpxkajem MawuM on1 10 mg/kg. Takohe, yTBpheHo je na je 3a mpoueHy caapxaja
(yMOHU3HHA Y KYKYPY3y OBOM TEXHUKOM MOTPEOHO 1aJbe HCITUTUBAKE CHUMAHhEM
CIeKTapa KOHTaMHUHUPAHOT KYKypy3a aJli HCTOT TeHOTHIIA, Kako Ou ce n3derao moryhu
YTHUILA] Pa3IMUUTUX XUOpHIA HA U3TJIE] CIeKTpA.

KJbYUYHE PEUU: ATR-FTIR, dbymonu3uum, KyKypy3
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PRESENCE OF DEOXYNIVALENOL IN WHEAT
MILLING PRODUCTS IN SERBIA DURING 2016-2017

ABSTRACT: Deoxynivalenol (DON) is one of several mycotoxins produced by certain
Fusarium species that frequently infect wheat, corn, rice, oats, barley and other grains in
the field or during storage. DON affects animal and human health causing vomiting, acute
temporary nausea, diarrhea, abdominal pain, headache, dizziness and fever. The objective
of this study was to evaluate the natural occurrence of deoxynivalenol (DON) in white wheat
flour, whole wheat flour and wheat bran. In this study, a total of 75 white wheat flour, whole
wheat flour and wheat bran samples were collected in the period of 2016-2017. All samples
were analyzed for DON by enzyme-linked immunosorbent assay. DON was detected in 23
out of 45 white wheat flour samples (51.11%), at levels ranging from 99 pg/kg to 440 pug/kg.
Out of 15 whole wheat flour samples, 14 were contaminated by DON (93.33%)), at levels rang-
ing from 98 pg/kg to 479 pg/kg. The maximum contamination level of DON (2,790 ng/kg)
in this study was found in wheat bran. Presence of DON was detected in all 15 samples of
wheat bran (100%). These results suggest a high percentage of contaminated samples, espe-
cially among wheat bran samples, which raises a risk for consumers of wheat bran and the
need to monitor final products before consumption.

KEYWORDS: Deoxynivalenol, wheat flour, wheat bran, ELISA

INTRODUCTION

Wheat and wheat-based products are considered to be staple food for the
majority of the world population (Skrbic¢ et al. 2012). Unfortunately, wheat like
many other cereals is susceptible to fungal attack, therefore to possible mycotoxin
contamination. The occurrence of mycotoxins in cereals is of great concern
worldwide, because their presence is often associated with chronic or acute
mycotoxicoses. Approximately 25% of cereals produced in the world are con-
taminated with mycotoxins (Charmley ez al. 1995).

* Corresponding author. E-mail: jaukovicmarko@gmail.com
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A great variety of fungi can produce mycotoxins; however several Fusarium
species, a widespread pathogens on cereals in both temperate and semitropical
areas, are a major concern for all European cereal growing areas (Bottahco 1998).
The percentage of contamination on the worldwide level for some Fusarium toxins,
such is DON, is considered to be much higher than 25% (Bullermann, 1996).

Deoxinivalenol (DON, vomitoxin) is a natural-occurring mycotoxin, type
B-trichothecenes produced mainly by strains of F. graminearum, a food-borne
fungi widely spread in crops. DON is considered to be one of the most impor-
tant mycotoxins in wheat and wheat based products. It affects both animal and
human health by causing gastro-intestinal problems followed by diarrhea and
vomiting (Kushiro, 2008).

Approximately 600 million tons of wheat are produced per year and most
of it is converted to wheat flour for human consumption (Kushiro, 2008). This
makes DON contamination of wheat a great concern for human health. Wheat-
based products, such is wheat flour, hold an essential place in Serbian diet, as well.
Wheat flour and wheat flour-based products, such are bread, pasta, pastry and
cookies represent approximately 26% of Serbian market basket (Skrbi¢ et al.
2012). Although, occurrence and prevention of DON have been intensively
studied, there are only a few of studies conducted in Serbia on retention of
DON after harvest and during processing. The study on retention of DON
during primary processing (milling) is important for the risk assessment and
management for majority of world population (Kushiro, 2008).

The objective of this study was the examination and determination of the
presence of DON in wheat flour and wheat bran collected from Serbian pro-
ducers in order to determine the levels of contamination in different wheat
milling products.

MATERIALS AND METHODS
Reagents and chemicals

RIDASCREEN FAST DON SC (R-Biopharm), a competitive enzyme
immunoassay for quantitative analysis of DON in cereals, malt and feed was
used according to manufacturer’s instruction (RIDASCREEN FAST DON SC
Art. No.: R5905). Distilled water was used for the extraction.

Collection of samples

From October 2016 until April 2017, 75 samples of white wheat flour,
whole wheat flour and wheat bran were collected from 9 Serbian producers,
as a part of the food safety control. Samples were collected in packs of 1 kg, ac-
cording to European regulation on methods for sampling (EC 401/2006). Out of
total number of samples, 45 were white wheat flour, type T 400 (25 samples) and
T 500 (20 samples). 15 samples of whole wheat flour and 15 samples of wheat
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bran were collected, as well. Ash content, calculated on dry matter for T 400
flour is up to 0.45%, for T 500 it ranges from 0.46 to 0.60%, for whole wheat
flour it is up to 2.2%, while for wheat bran it is up to 7.0% (Sluzbeni glasnik
Republike Srbije, 68/16)". Before analysis, the samples were stored at 4—6 °C
and were protected from light.

Sample preparation

All samples were thoroughly mixed in order to homogenize. Namely, 5 g
of each sample of white wheat flour, whole wheat flour and wheat bran were
extracted by shaking with 100 mL of distilled water manually for 5 minutes. After
shaking, sample extracts were filtered through Whatman No.1 filter. 50 uL of
the filtrate was used for further analysis according to RIDASCREEN FAST
DON SC manual.

Instrumental conditions

The measurement was performed photometrically at 450 nm. UT-2100C
microplate reader with absorbance range 03,500 A was used. Continuous
reading mode was used with reading speed t <5 s. The absorbance is inverse-
ly proportional to the DON concentration in the sample. Using method was
validated (LoD = 75 pg/kg, Recovery = 92%)).

RESULTS AND DISCUSSION

The results on occurrence of DON in white wheat flour, whole wheat
flour and wheat bran are given in Table 1.

Table 1. Occurrence of deoxynivalenol (DON) in white wheat flour, whole wheat flour
and wheat bran. a) Arithmetic mean. Values below the detection limit (75 pg/kg) are set
to have concentration of half of detection limit

DON (ng/kg)
Commodity No. of Average Median max Interval of concentration
positives/total value” value value (contaminated samples)
white wheat 23/45 142 81 440 99440
flour
whot}le wheat 14/15 307 354 479 98-479
our
le;heat 15/15 1,074 961 2,790 161-2,790
ran

* Official gazette of the Republic of Serbia, translator’s comment
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DON was detected in 23 out of 45 white wheat flour samples (51.11%), at
levels ranging from 99 to 440 pg/kg. The average and median values obtained
for DON in white wheat flour were 142 pg/kg and 81 ug/kg, respectively. Out
of 15 whole wheat flour samples, 14 were contaminated by DON (93.33%)), at
levels ranging from 98 pg/kg to 479 pg/kg. The average and median values
obtained for DON in whole wheat flour were 307 ng/kg and 354 pg/kg, respec-
tively. None of the white wheat flour nor whole wheat flour samples exceeded
the limit of 750 pg/kg set by Serbian regulative for allowed presence of DON
in cereal flour (Sluzbeni glasnik Republike Srbije, 29/2014, 37/2014 — isp.
39/2014, 72/2014, 80/2015, 84/2015, 35/2016 and 81/2016). The maximum con-
tamination level of DON (2,790 pg/kg) in this study was found in wheat bran.
Presence of DON was detected in all 15 samples of wheat bran (100%). The
average and median values obtained for DON in wheat bran were 1,074 pg/kg
and 961 ng/kg, respectively. Nine of the 15 contaminated samples of wheat
bran exceeded the limit of 750 pg/kg set by Serbian regulative for allowed
presence of DON in wheat bran intended for human consumption (Sluzbeni
glasnik Republike Srbije, br. 29/2014, 37/2014 — isp., 39/2014, 72/2014, 80/2015,
84/2015, 35/2016 and 81/2016). However, wheat bran is mostly used as an animal
feed. The limit of 8000 pg/kg set by Serbian regulative for allowed presence
of DON in wheat bran intended for animal feed was not exceeded in this case
(Sluzbeni glasnik Republike Srbije, 27/14).

The obtained results are in compliance with the conclusions of the study
conducted by Abbas et al. (1985) which shows that the distribution of DON is not
uniform in the milling fractions. They also found that the highest concentration
of DON was in bran, followed by reduction flour and break flour, which proves
that the invasion of fungus into the wheat is not uniform, as well. Trigo-Stockli
et al. (1996) reported in the similar study that DON levels were the highest in
the bran (3.4 mg/kg) and the lowest in the flour (1.5 mg/kg), as well. This could
be due to the fact that after milling most of the concentration remains in outer
layers (Tanaka ef al. 1986). Others have also reported various concentrations
of DON in different milling fractions. For example, Hart and Braselton (1983)
reported concentrations of DON of 5.2 mg/kg and 4.5 mg/kg in bran and
straight grade flour, respectively. The correlation of DON levels with ash con-
centration was also reported by Abbas et al. (1985). However, this still remains
to be studied for application.

CONCLUSION

The presence of DON was detected in 52 out of 75 analyzed samples of
white wheat flour, whole wheat flour and wheat bran. The highest percentage
of contaminated samples was detected among wheat bran samples (100%),
followed by whole wheat flour (93.33%) and white wheat flour (51.11%). The
maximum contamination level of DON (2,790 pg/kg) in this study was found
in wheat bran. All of the wheat flour samples are in compliance with Serbian
regulative (Sluzbeni glasnik Republike Srbije 29/2014, 37/2014 — isp. 39/2014,
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72/2014, 80/2015, 84/2015, 35/2016 and 81/2016). All of the wheat bran samples
are in compliance with Serbian regulative for allowed presence of DON in
wheat bran intended for animal feed (Sluzbeni glasnik Republike Srbije, 27/14).
However, 60% of wheat bran samples could not be used for human consumption
due to exceeding levels set by Serbian regulative for allowed presence of DON
in wheat bran intended for human consumption (S/uzbeni glasnik Republike
Srbije, 29/2014, 37/2014 — isp. 39/2014, 72/2014, 80/2015, 84/2015, 35/2016 and
81/2016).

These results suggest a high percentage of contaminated samples, espe-
cially among wheat bran samples, which raises a risk for wheat bran consumers.
Additionally, this study indicates the need for continuous monitoring of final
wheat based products before consumption.
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I[TOJABA JEOKCUHUBAIJIEHOJIA V MJIMHCKUM ITPON3BOANMA
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PE3UME: [leokcunuanenon (DON) jeaaH je 01 HEKOJTHMKO MUKOTOKCHHA KOj€ TPO-
JyKYjy onpelene Bpcre pona Fusarium, Koje 4eCTO KOHTAMUHUPA]y MIIEHUILY, KYyKY-
py3, IUPHHAY, OBAC, jedaM M OCTaJIe JKUTAPHUIIE, KaKO Y IMOJbY, TAKO U TOKOM IEepHOIa
cknanumrena. DON yTHYe Ha 31paBJbe JbyIU U KUBOTHA n3a3uBajyhu nospahame,
aKyTHE My4YHUHE, Tujape]y, aboMUHAITHE 001, IN1aBOO0JbE, BPTOTIIABHIIC H TPO3HHUILY.
[{nsb OBOT MCTpaXkMBakba OHO je Jla Ce UCITMTA M TPOLICHH IIPUPOHA TI0jaBa JCOKCHHU-
BaneHosia (DON) y Oenom nieHnYHOM OpalliHy, MHTErpaTHOM MIIEHUYHOM OpalliHy U
MIIEHUYHUM MEKHUbaMa. YKYIHO 75 y3opaka OeJor MIIeHHYHOT OpaliHa, HHTETr paJHOT
MIICHUYHOT OpalllHa U MIIEHNYHUX MEKHba Y30pKoBaHo je y nepuoay 2016-2017. Cu
y30pIH cy aHajau3upanu Ha npucyctBo DON-a nmynoensumckuM ELISA tectoBuma.
IIpucyctBo DON-a je nerekToBano y 23 ox 45 y3opaka Oelor mieHnYHOTr OpaliHa
(51,11%), y koHIIEHTparmoHoM oricery o 99 mo 440 pg/kg. On 15 ucniuranux yzopaka
WHTETPaJIHOT MIIIeHHYHOT OpamrHa 14 je 6uino kontamuuupaso (93,33%), a KoHIIeH-
tpanuja DON-a kpetana ce y orcery oj 98 1o 479 pug/kg. MakcuMaiHa KOHIICHTpaI[H]ja
DON-a (2.790 pg/kg) y oBoM UCTpaxuBamy 3a0eliekeHa je KO MIIEHHYHUX MEKUba.
[pucyctBo DON-a 1eTeKToBaHO je y CBUX 15 HCIUTHBAaHUX y30pKa MIIEHUYHUX Me-
kumba (100%). OB pe3ynTaT yka3yjy Ha BUCOK IPOLIEHAT KOHTAMUHHPAHUX y30paKa,
IIOrOTOBO KOJI Y30paKa MIIEHUYHUX MEKHba, IITO MPEACTaBIba PU3UK 110 IOTpoLIaye
1 U3UCKYje TOTpedy 3a MOHUTOPUHIOM (PMHATHUX IPOU3BOJA IIPE MYLITaka y IPOMET.

KJbYYUYHE PEUU: neokcuHUBAICHOI, TIIEHUYHO OPaITHO, MIIIEHUYHE MEKHIHE,
ELISA
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MYCOTOXINS IN MAIZE: ANNUAL VARIATIONS
AND THE IMPACT OF CLIMATE CHANGE

ABSTRACT: The presence of aflatoxins (AFs), ochratoxin A (OTA), zearalenone
(ZEA), deoxynivalenol (DON), and fumonisins (FUMs) was examined in maize samples
from the Republic of Serbia. The maize samples were collected during the period 20122016,
and analyzed every year after harvest using validated Enzyme Linked Immunosorbent As-
say (ELISA) method. The obtained results were considered regarding the weather conditions
parameters recorded during the investigated maize growing seasons. Significant differ-
ences in weather-related parameters recorded in the five-year period resulted in different
mycotoxin profiles between the investigated years. Obtained results indicate that the presence
of ZEA and DON in maize is characteristic of years with abundant precipitation, while AFs
and OTA mainly occur in maize during hot and dry years. Furthermore, FUMs were de-
tected with different contamination frequency in maize samples from every year. Based on
the findings obtained in this study, as well as on noted changes in weather conditions in the
recent years it could be assumed that maize from Serbia may become susceptible to problems
concerning mycotoxins. Therefore, there is a necessity for monitoring and research related
to the mycotoxins occurrence in maize from Serbia.

KEYWORDS: climate changes, maize, mycotoxins

INTRODUCTION

Maize is one of the major crops cultivated throughout the world (Bitocchi
et al. 2009). Due to its nutrient composition, maize has great usage value in
both human and animal diet. It is also one of the major crops grown in the
Republic of Serbia (Maslac, 2015). The total area of maize production in Serbia
in the recent years has been around 1,150,000 ha with an average production
of 6,650,000 Mt (IndexMundi 2012-2016; www.indexmundi.com/agriculture).
Furthermore, maize represents one of the most important export items of Serbia,

* Corresponding author. E-mail: jovana.kos@fins.uns.ac.rs
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which classified Serbia as a leader in terms of maize export in Europe as well
as in the whole world (Maslac, 2015). Unfortunately, maize is constantly exposed
to the risk of fungal development and mycotoxins synthesis (Pleadin et al.
2012). Furthermore, maize production in Serbia is largely rainfed and highly
dependent on climate parameters (Kresovi¢ et al. 2014). Based on everything
stated above, the presence of mycotoxins in maize should be recognized as
significant concern in Serbia since these contaminants may have numerous
different implications for human and animal health (IARC, 2012) and also
could be a cause of great economical losses (Kresovic et al. 2014).

Many published papers confirmed that maize could be contaminated by
different mycotoxins. However, aflatoxins (AFs), ochratoxin A (OTA), zea-
ralenone (ZEA), deoxynivalenol (DON) and fumonisins (FUMs) are recognized
as main potential contaminants of maize (Trung et al. 2008). AFs represent
one of the best known groups of mycotoxins mainly produced by Aspergillus
species. OTA is mainly produced by Aspergillus ochraceus and Penicillium
verrucosum. Furthermore, FUMs, ZEA and DON are mainly produced by
Fusarium sporotrichioides, F. verticillioides, F. proliferatum, F. culmorum, and
F. graminearum (Placinta et al. 1999). Aspergillus species generally occur in
agricultural products in tropical and subtropical regions where there are optimum
conditions of temperature and humidity for growth of fungi and production of
toxins (Rustom, 1997). On the other hand, Fusarium species require different
conditions for their growth and mycotoxins synthesis, and their presence in
maize is mainly associated with moderate climate. Hence, Fusarium toxins
are commonly found in the temperate regions of America, Europe, and Asia
(Creppy, 2002). However, the presence of mycotoxin-producing fungi in maize
depends on annual meteorological conditions related to the changes in weather
conditions recorded in the past decades (Battilani et a/. 2008). Furthermore,
many authors indicate that weather conditions (mainly air temperature and
amount of precipitation) represent factors with the strongest influence on the
growth of toxigenic fungi in maize and the production of mycotoxins (Sanchis
and Magan, 2004; Van der Fels-Klerx ez al. 2013). Beside weather conditions,
the presence of mycotoxins in maize can depend on several factors as follows:
agronomic factors (type of hybrid, soil, tillage and previous crop), storage
conditions (temperature, humidity, handling, presence of insects, rodents, and
birds), as well as storage time (Hell et al. 2000).

AFs, OTA, ZEA, DON, and FUMs can have immunotoxic, hepatotoxic,
pneumotoxic, nephrotoxic, teratogenic, mutagenic and/or carcinogenic effect
(IARC, 1993; IARC, 2002). The International Agency for Research on Cancer
included AFs in the flrst group as primary carcinogenic compounds. Further-
more, OTA and FBI1 were classified in group 2B as possible carcinogenic
compound to humans (IARC, 2002). Based on limited data and evidence in
humans and experimental animals, DON and ZEA were classified in group 3
(IARC, 1993).

Since the presence of mycotoxins in maize may potentially affect human
and animal health, maximum levels (ML) have been established in numerous
countries over the world. The Regulation of Serbia (Official Gazette RS 28/2011)
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on the control of mycotoxins in food was harmonized with the Regulation of
European Union (EU) and adopted in 2011 (EC 1881/2006). According to these
regulations, concentrations of MLs for AFs, OTA, ZEA, DON, and FUMs in
unprocessed maize intended for human consumption are 10, 5, 350, 1,750, and
4,000 pg/kg, respectively. Furthermore, if maize is intended for animal feed, AFs,
OTA, ZEA, and DON cannot be greater than 30, 250, 4,000, and 8,000 ng/kg,
respectively (Official Gazette RS 27/2014). According to this Regulation (2014)
ML for FUMs in maize for animal consumption is not declared. This Regulation
is not completely harmonized with EC 576/2006. The main differences are
observed in MLs for AFBI (EC 100/2003), and guidance values for ZEA and
FUMs (EC 576/2006) which are 30, 2,000, and 60,000 pg/kg, respectively.

Based on everything stated above, the aim of the present study was to
provide a representative picture of the dependence of maize contamination by
AFs, OTA, ZEA, DON, and FUMs and weather conditions over the 5-years
investigation period.

MATERIAL AND METHODS

SAMPLES

A total of 50 maize samples were collected every year after harvest in the
period 2012-2016. Sampling was performed according to EU requirements (EC
401/2006) in order to overcome irregular mycotoxins distribution.

MYCOTOXINS ANALYSIS BY ELISA

Determination of AFs (AFB1, AFB2, AFGI1 and AFG2), OTA, ZEA, DON,
and FUMs (FBI1, FB2 and FB3) was performed by Enzyme Linked Immuno-
sorbent Assay (ELISA) method using test kits produced by Neogen Corporation
(Neogen Veratox®, Lansing, USA). The analyses were performed according
to the test kits instructions in the accredited laboratory of the Institute of Food
Technology, University of Novi Sad. Laboratory is accredited in agreement
with standard SCS ISO/IEC 17025 (20006).

Limits of quantification (LOQ) for AFs, OTA, ZEA, DON, and FUMs
were 1, 2, 25, 250, and 500 ng/kg, respectively.

METEOROLOGICAL DATA

The meteorological data related to the deviation of average air temperature
(°C), number of days with precipitation, sum of precipitation (mm), and deviation
of sum of precipitation (%) were provided from the Republic Hydrometeoro-
logical Service of Serbia (2012-2016). Listed data were recorded between the
Ist April and the 30th September in the period 2012-2016. Deviations were
determined by making comparisons with the data recorded in the long-term
period (1981-2010).
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RESULTS AND DISCUSSION

The obtained results for AFs, OTA, ZEA, DON and FUMSs contamination
in maize samples are presented in Figure 1.

0Als @OTA DZICA DODON OTUMs

i 2015 2014 205 Hila
Y

Figure 1. The presence of AFs, OTA, ZEA, DON, and FUMs in maize samples
harvested in the Republic of Serbia in the period 20122016

As can be seen, the obtained data indicate significant differences in the
occurrence of examined mycotoxins in the samples collected in the period
2012-2016. Due to the fact that weather conditions (mainly air temperature
and amount of precipitation) can have a great influence on the growth of tox-
igenic fungi and production of mycotoxins (Sanchis and Magan, 2004), weath-
er-related parameters for the period of maize planting, growing and harvesting
(April-September, 2012-2016) were examined and shown in Table 1.

As can be seen in Table 1, maize growing season in 2012 was character-
ized by extremely hot and dry conditions. During the period from April to
September 2012 the deviation of average air temperature was 2.4 °C. Besides
that, during the same period, a significantly lower amount of precipitation (269
mm) was recorded in comparison to other investigated years (2013-2016) as
well as to long term period (1981-2010). The recorded drought conditions were
favorable for the growth of certain Aspergillus and Fusarium species, which
resulted in the presence of AFs and FUMs in 72% and 95% of examined maize
samples, respectively. Furthermore, OTA was determined in 22% of maize
samples, while DON was determined in only 2% of maize samples. None of
the analyzed maize samples from 2012 was contaminated with ZEA.
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Table 1. Weather-related parameters for maize growing seasons in the Republic of Serbia
(April-September, 2012-2016).

Year Deviation T average (°C) N precipitation > P (mm) > P (%)
2012 2.4¢ 39° 269" 77
2013 1.2° 46° 305" 84
2014 0.7 70° 698¢ 190°
2015 1.9¢ 43° 297° 79°
2016 1.0° 49 428° 117°

Different letters in the same column indicate significant differences (P<0.05) between
values according to the Duncan’s multiple range test.
T: temperature; N: numbers of days; P: precipitation; ) : sum.

The maize growing season of 2013 was also hotter in comparison to long
term period (1981-2010). However, deviation of average air temperature (1.2 °C)
was lower, while the amount of precipitation (305 mm) was higher in comparison
to the values recorded in 2012. FUMSs, AFs, DON, and ZEA were detected in 33%,
25%, 3%, and 1% of examined maize samples, respectively, while none of the
examined samples from 2013 was contaminated with OTA. Contrary to hot and
dry maize growing seasons of 2012 and 2013, maize growing season of 2014 was
extremely wet and rainy. The rainiest period in the recent years resulted in the
presence of DON, ZEA, and FUMs in 98%, 85%, and 72% of examined samples,
respectively. Furthermore, the outcome of rainy conditions in 2014 was that none
of the maize samples from that year was contaminated with AFs and OTA.

The weather conditions recorded during maize growing season of 2015
were similar to weather conditions in 2013. FUMs, AFs, DON, and ZEA were
determined in 30%, 25%, 7%, and 5% of maize samples from 2015, respectively.
Higher amount of precipitation in maize growing season of 2016 in comparison
to the long-term period (1981-2010) in combination with temperature around
average values resulted in the presence of FUMs and DON in 74% and 32% of
maize samples, while ZEA and AFs were determined in 15% and 5%, respec-
tively. As well as in the previous years, the presence of OTA was not determined.

Acording to several previous studies (Van der Fels-Klerx et al. 2013; Baranyi
et al. 2015), the obtained results in this study confirmed that the presence of
AFs and OTA are characteristic for hot and dry years, while ZEA and DON
mainly occur in years with abundant precipitation. Even though the significant
differences between weather conditions were recorded in the investigated pe-
riod, it could be noted that FUMs were detected in maize samples from every
year. However, it should be emphasized that in maize from different years
FUMs were detected with different contamination frequency.

CONCLUSION

The findings obtained in this study indicate significant differences in the
occurrence of AFs, OTA, ZEA, DON, and FUMs in the maize samples harvested
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during five maize growing seasons. Regarding the changes in weather condi-
tions in the recent years, it could be assumed that maize from Serbia may
become susceptible to problems concerning mycotoxins. Therefore, there is a
need for future constant monitoring of mycotoxins occurrence in maize from
Serbia in order to protect human and animal health and to avoid economic
losses.

ACKNOWLEDGMENTS

This paper is a part of the research conducted under the projects TR31029
and DS-2016-0059.

REFERENCES

Baranyi N, Kocsubé S, Varga J (2015): Aflatoxins: climate change and biodegradation. Curr.
Opin. Food. Sci. 5: 60—66.

Battilani P, Barbano C, Piva G (2008): Aflatoxin Bl contamination in maize related to the arid-
ity index in North Italy. World Mycotoxin J. 1: 449—456.

Bitocchi E, Nanni L, Rossi M, Rau D, Bellucci E, Giardini A, Papa R (2009): Introgression
from modern hybrid varieties into landrace populations of maize (Zea mays ssp. mays L.)
in central Italy. Mol. Ecol. 18: 603—621.

Creppy EE (2002): Update of survey, regulation and toxic effects of mycotoxins in Europe.
Toxicol. Lett., 127: 19-28.

EC 100 (2003): European Commission, Commission Directive on 100/2003 of 31 October 2003,
amending Annex I to Directive (EC) No 32/2002 of the European Parliament and of the
Council on undesirable substances in animal feed. Official J. EU, L 285: 33-37.

EC 401 (2006): European Commission, Commission Regulation on 401/2006 of 23 February
2006 laying down the methods of sampling and analysis for the official control of the
levels of mycotoxins in foodstuffs. Official J. EU, L 70: 12-34.

EC 576 (2006): European Commission, Commission Recommendation on 576/2006 of 17 August
2006 on the presence of deoxynivalenol, zearalenone, ochratoxin A, T-2 and HT-2 and
fumonisins in products intended for animal feeding. Official J. EU, L 229: 7-9.

EC 1881 (2006): European Commission, Commission Regulation on 1881/2006 of 19 December
2006 setting maximum levels for certain contaminants in foodstuffs, Official J. EU, L
364: 5-18.

Hell K, Cardwell KF, Setamou M, Poehling HM (2000): The influence of storage practices on
aflatoxin contamination in maize in four agroecological zones of Benin, West Africa, J.
Stored Prod. Res. 36: 365-382.

IARC, International Agency for Research on Cancer (1993): Monograph on the Evaluation of
Carcinogenic Risks to Humans, vol. 56. World Health Organization, IARC, Lyon, France,
19-23.

IARC, International Agency for Research on Cancer (2002): Monograph on the evaluation of
carcinogenic risk to humans, vol. 82. World Health Organization, TARC, Lyon, France. 171

68



IARC, International Agency for Research on Cancer (2012): IARC monographs on the evalua-
tion of carcinogenic risks to humans, 1-104.

IndexMundi. Serbia Corn Exports by Year 2012-2016. Agricultural Production Statistics by
Country. [accessed 2017 May 17]. Available on: www.indexmundi.com/agriculture.

Kresovic B, Matovic G, Gregoric E, Djuricin S, Bodroza D (2014): Irrigation as a climate change
impact mitigation measure: An agronomic and economic assessment of maize production
in Serbia. Agric. Water. Manag. 139: 7-16.

Maslac T (2015): US Department of Agriculture (USDA) grain and feed animal. Annual report
on wheat, corn and barley for Serbia.

Placinta CM, D’Mello JPF, Macdonald AMC (1999): A review of worldwide contamination of
cereal grains and animal feed with Fusarium mycotoxins. Anim. Feed Sci. Technol. 78: 21-37.

Pleadin J, Sokolovi¢ M, Persi N, Zadravec M, Jaki V, Vuli¢ A (2012): Contamination of maize
with deoxynivalenol and zearalenone in Croatia. Food Control 28: 94-98.

Rustom IYS (1997): Aflatoxin in food and feed: occurrence, legislation and inactivation by
physical methods, Food Chem 59: 57-67.

Serbian Regulation (2011): Maximum allowed contents of contaminants in food and feed. Official
Bulletin of the Republic of Serbia, 28: 1-16.

Serbian Regulation (2014): Quality of animal feed. Official Bulletin of the Republic of Serbia.
27: 1-20.

Sanchis V, Magan N (2004): Environmental conditions affecting mycotoxins. In: Magan N, Olsen
M (eds.): Mycotoxins in food: Detection and Control. CRC Press, Boca Raton., 103: 174—189.

SCS ISO/IEC 17025 (2006): General requirements for the competence of testing and calibration
laboratories. ISO, Geneva, Switzerland.

Trung T, Tabuc C, Bailly S, Querin A, Guerre P, Bailly J (2008): Fungal mycoflora and con-
tamination of maize from Vietnam with aflatoxin B1 and fumonisin B1. World Myco-
toxin J. 1: 87-94.

Van der Fels-Klerx HJ, Van Asselt ED, Madsen MS, Olesen JE (2013): Impact of climate change
effects on contamination of cereal grains with deoxynivalenol. PloS one, 8(9): €73602.

MHUKOTOKCHUHU ¥V KYKYPY3Y: TOAUIIEBE BAPUJALIMIE
N VTULAT KIIMMATCKUX ITPOMEHA

Josana J. KOC, Enuzat6er I1. JAHUR J. XAJHAJI, Anamapuja 1. MAH/IUh,
Onusepa M. BYPATUR, I1asne T. JOBAHOB, MBan Jb. MUJIOBAHOBU'h

Yuausepsuret y HoBom Cany,
Hayunu nncTHTYT 3a pexpambene TexHonoruje y Hosom Cany,
Bynesap napa Jlazapa 1, Hosu Can 21000, Perry6nuka Cp6ouja

PE3VIME: IlojaBa adnatokcuna (AF), oxparokcuna A (OTA), seapanerona (ZEA),
neokcuHuBanenona (DON) u pymonunsuna (FUM) ncniurana je y y3opunma KyKypysa
CaKyIJbeHUX Ha TepuTopuju PemyOnnke CpOuje. Y3opiu KyKypy3a CaKynbeHHU Cy
TokoMm nepuona oz 2012. mo 2016. roguHe, U aHAJIM3UPAHU CYy CBAKE TOJMHE HAKOH
xeTBe npuMeHoM BasnoBane ELISA metone. /loOujeHn pe3ynraTi y Be3u ca MojaBoM
MHUKOTOKCHHA y KYKypy3y TYMaueHH Cy y OJTHOCY Ha 3a0eJIe’)KeHEe BPEMEHCKE YCIIOBE
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TOKOM MCITUTHBAHUX [TPOU3BOTHUX FOMHA. 3Ha4ajHE 3a0eie)eHe pa3iuKe y BpeMEHCKUM
yCIOBMMa, TOKOM MCIIUTHUBAHOT TIEPUO/A O]l MET TOIMHA, YCIOBUIIE Cy M IIPUCYCTBO
OJTHOCHO OJICYCTBO TOjE€IMHUX MUKOTOKCHHA. JloOMjeHu pe3yaTaTy yKasyjy Jia je moja-
Ba ZEA u DON kapakTepucTHYHA 3a TOJUHE C BEIUKUM KOJIMYMHAMA MaJaBUHA, JOK
je konTamuHanuja kKykypysa ca AF u OTA yodeHa y ronnHama y KojuMa cy BpEMEHCKH
YCJIOBU OKapaKTepucaHu kao cyBu u Toiiu. Hapasse, FUM cy neTexToBaHM y y30pLu-
Ma KyKypy3a U3 CBUX IeT IPOM3BOAHMUX I'OAMHA, A C Pa3IUIUTOM (PEKBEHLIH]OM
nojase. Ha ocHOBY n100ujeHUX pe3yiTaTa y OBOM paiy, Kao U Ha OCHOBY YOUEHUX IIPO-
MEHa y BpEMEHCKUM YCJIOBUMa TOKOM UCIUTHUBAHOT nepuona 2012-2016. onpasaano
je ouekuBaTH 1a he n'y Oynyhaoctr kykypy3s u3 CpOuje OUTH MO/II0KaH KOHTAMHHA-
LUj1 MEKOTOKCHHUMA. CTOTra, OCTOjH KOHCTaHTHA MOTpeda 1 TeXHa 32 KOHTHHYHUa-
HUM MOHUTOPHH3HMMAa U HCTPAKUBAKBIMA Y BE3HU C I10JaBOM MHUKOTOKCHHA Y KYKYPY3Y
u3 CpOwuje, kako O ce 3aIITUTHIIO 31[PaBJbe JbyIU U )KUBOTHHA, @ YjEIHO H CMabHIIH
€KOHOMCKH TYOHIIH.
KJbYYHE PEUU: knumaTcke npoMeHe, KyKypy3, MUKOTOKCUHHU
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FUMONISINS PRODUCTION POTENTIAL
OF Fusarium verticillioides ISOLATED FROM
SERBIAN MAIZE AND WHEAT KERNELS

ABSTRACT: The production of fumonisins by potentially toxigenic Fusarium verti-
cillioides isolates originating from Serbian maize and wheat kernels was tested in vitro. A
total of six F. verticillioides isolates were incubated on yeast extract sucrose medium (YESA)
for 4 weeks at 25 °C in the dark. Their toxin production potential was tested by applying a
modified HPLC method for determination of fumonisins in cereals, since the TLC method
gave no results. Analyses were performed on a HPLC-FLD system after sample extraction
from YESA and extract clean-up on a SPE column.

Although the isolates were tested for fumonisin By, B, and B;, only fumonisin B, was
detected. The results showed that all tested isolates had toxigenic potential for fumonisin B,
production. The average fumonisin B, production of the isolates ranged from 7 to 289 pg/kg,
thus indicating a highly variable toxigenic potential among the isolates. Isolate 1282 expressed
the highest toxigenic potential for fumonisin B, production (289 pg/kg), while isolate 2533/A
showed a questionable potential for fumonisin production (7 pg/kg).

KEYWORDS: fumonisin, Fusarium verticillioides, cereals, toxigenic potential

INTRODUCTION

Cereals are commonly invaded by Fusarium spp. and often contaminated
by their secondary metabolites that have a major impact on human and animal

* Corresponding author. E-mail: sasa.krstovic@stocarstvo.edu.rs

71



health, welfare and productivity. Among Fusarium toxins, zearalenone, fumon-
isins (FUMs) and trichothecenes are the most toxicologically important and
occur most frequently (Cetin and Bullerman, 2005). The most important fu-
monisins (FUMs) are FB,;, fumonisin B, (FB,), and fumonisin B; (FB5), which
are predominantly produced by F. verticillioides, F. proliferatum, F. anthophi-
lum, and F. nygamai (Yazar and Omurtag, 2008) FUMs are usually present
in maize and maize products, but they also can be found in wheat and non-corn
based foodstuffs (Cirillo et al. 2003; Kushiro et al. 2009).

FUMs are structurally similar fo sphingosine, a component of sphingolipids.
Sphingolipids are typically found as myelin components. It is believed that FUMs
toxicity is a result of sphingolipid biosynthesis blockage. It has been known
that FUMs cause leucoencephalomalacia in horses, pulmonary edema in swine,
and hepatotoxicity in rats (Gelderblom e al. 2001). There is a report about an
outbreak of FUMs toxicosis in Serbia (Jovanovic€ et al. 2015). In feed samples from
the premises, fumonisin B; and B, were found in the following concentrations:
6.0 mg/kg FB; and 2.4 mg/kg FB, in the milled maize samples, and 6.05 mg/kg
FBI1 and 1.68 mg/kg FB, in maize grain, respectively. IARC classified FB, as a
group 2B carcinogen that is possibly carcinogenic to humans (Bray et al. 2002).

The occurrence of F. verticillioides and other toxigenic Fusarium spp.
as well as the production of their secondary metabolites (FUMs and other
fusariotoxins) are determined by environmental factors in the field, and also by
transportation and storage. In wheat harvested in southern Brazil, Mendes et al.
(2015) found that 54% of the samples were contaminated with FB; at levels rang-
ing from 958 to 4,906 pg/kg. Natural FUMs presence in common wheat grains
in Argentina was even higher (Cendoya et al. 2014). Out of the total number of
samples collected during the 2011 harvest, 93% showed FUM contamination with
levels ranging from 0.15 to 1,304.39 pg/kg. In 2015, there were five notifications
(three in 2014) related to the presence of FUMs in maize and maize products
(one of which combined with a high level of aflatoxins) (RASFF, 2016).

Studies in Serbia have shown different results of FB; occurrence in wheat
among different production years. Stankovi¢ et al. (2012) reported high inci-
dence (82.1% and 92.0%) and levels (up to 5,400 pg/kg) of FB, in wheat kernels
from the 2005 and 2007 harvests, while Jaksi¢ et al. (2012) indicated significant
presence of FB; (50.7%), but at lower levels (27-614 ng/kg), in the samples
from the 2010 harvest. F. verticillioides and F. proliferatum isolates originated
from wheat kernels had a high FB, production potential (Stankovi¢ et al. 2012).

Maize infections by Fusarium species and its contamination with FUMs
in Serbia are not so rare. Stankovi¢ ef al. (2011) found a very high occurrence
of FB1 (70.7%) in 203 maize samples. However, Krnjaja et al. (2011) reported
about not so high occurrence of Fusarium spp. in two hybrids of maize grains
for silage (3.89% and 42.00%). These authors also found that F. verticillioides
was the dominant mould from Fusarium genera. The toxigenic potential of
some maize isolates has also been confirmed. Namely, Tanc¢i¢ et al. (2012)
investigated 16 maize isolates of F. verticillioides for the ability to produce
FB,. It was reported that all isolates produced FB, in concentrations ranging
from 88.60 to 1,300.60 mg/kg.
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Hence, the aim of this research was to investigate in vitro production of
FUMs by F. verticillioides isolates that originated from Serbian maize and wheat
kernels, by using screening (TLC) and confirmatory (HPLC) analytical methods.

MATERIALS AND METHODS
Isolation of Fusarium verticillioides

Potentially toxigenic F. verticillioides cultures were isolated from Ser-
bian maize and wheat kernels collected in the Province of Vojvodina (northern
part of Serbia) (Table 1). Coarsely ground kernel samples were placed on DG
18 (dichloran 18% glycerol agar) and incubated at 25 °C for 7 days in the dark.
Fusarium spp. isolates obtained from growing colonies on DG 18 were trans-
ferred individually on PDA (potato dextrose agar) for further purification and
identification. Fragments of the colonies developed on PDA were transferred
to SNA (synthetic nutrition agar) (Nirenberg and O’ Donnell, 1998). Determi-
nations of the fusaria were done according to Nelson et al. (1983). The stock
cultures of F. verticillioides were maintained on PDA at 4—6 °C as a part of the
Maize Research Institute “Zemun Polje” collection.

Table 1. Origin of the cereal samples

Ord. No. Cereal Locality Sample designation
1. Wheat Despotovac 825
2. Corn Zemun Polje 914
3. Corn Backa Topola 1282
4 Corn Zemun Polje 2533

Production and TLC analysis of fumonisins

F. verticillioides isolates were cultivated on yeast extract-sucrose agar
(YESA — 2% yeast extract, 15% sucrose, and 2% agar, pH 6.5) (Samson and
van Reenen-Hoekstra, 1988). The capacity for toxin production of the tested
isolates was determined after 28 days of cultivation at 25 °C in the dark ac-
cording to a rapid screening method (Boc¢arov-Stanci¢ et al. 2009). The agar
plugs (diameter 5 mm) were cut out from the colony center with a sterile metal
borer, removed from the agar plate and placed with sterile tweezers in a steri-
lized Petri dish with the mycelial side up. The circular plugs were wetted with
1020 pl of chloroform/methanol (2:1 v/v) and after few minutes the rapidly
extracted mycelial side was gently applied against the TLC plate (Alugram SIL
G/UV 254, Macherey-Nagel). After drying the application spot, another agar
plug of the same colony was applied nearby, together with 30 ul of the working
FBI standard (100 pg/ml). The thin-layer chromatography was performed in
tanks with a saturated toluene-ethyl acetate-formic acid developing solvent
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(50+40+10, v/v). After developing plates and air drying in a dark fume extrac-
tor, the plates were sprayed with 20% AICL;, dried in the oven (120 °C) and
examined under long wave UV light (366 nm). Three replicates were performed
for all analyses.

Extraction of fumonisins from YESA

Reagents

HPLC gradient grade methanol (MeOH) and acetonitrile (ACN) were pur-
chased from Merck (Darmstadt, Germany). Reagent solution o-phthaldialdehyde
(OPA) for derivatization was prepared as follows: 40 mg of OPA (Sigma-Aldrich,
Darmstadt, German) was dissolved in 1 ml of MeOH, diluted with 5 ml of 0.1
mol/l Na,B405, and finally 50 pL of 2-mercaptoethanol (Serva Electrophoresis,
Heidelberg, Germany) was added.

Extraction and Clean-up

A 20 g sample of YESA containing 4-week incubated F. verticillioides
was extracted using 50 ml of chloroform—methanol (2+1, v/v) mixture. After
30 min extraction on a magnetic stirrer (Automatic Science Instrument, China),
the extract was filtered through slow running filter paper (Filtros Anoia, Bar-
celona, Spain) and evaporated to dryness. The residue was dissolved in 25 ml of
solvent MeOH—water (75+25, v/v). Clean-up was done with MycoSep 231 Fum
columns (RomerLabs, USA), using 5 ml of the dissolved extract (pH adjusted
to 89 using 12.5% ammonia solution) purified in the column and 3 ml evap-
orated to dryness and reconstituted in 200 pul of ACN-H,O (50+50, v/v). The
reconstituted extract was derivatized with OPA at a ratio of 1:1 (v/v), and 5 ul
was injected into the HPLC system after 1 min.

Quantification of fumonisins by the modified HPLC method

Analytical Standards

Fumonisin mix solution OEKANAL®), analytical standard 50 pg/ml FB1
and FB2 in ACN—water (50+50, v/v), Sigma-Aldrich Article/Product 34143,
and FB3 solution OEKANAL®, analytical standard 50 pg/ml in ACN—water
(50+50, v/v), Sigma-Aldrich Article/Product 32606, were used to prepare cal-
ibrant solutions in the concentrations of 0.25 to 4.0 pg/ml in ACN—water
(50+50, v/v) for each toxin.

HPLC-FLD Analysis

The researchers used HPLC Dionex UltiMate 3000 Series system with FLD
3100 (Thermo Scientific, Germany), consisting of an auto sampler WPS-3000,
degasser, quaternary pump, and SupelcosilTMLC-18-DB column (250x4.6 mm,
particle size 5 pm; Supelco, USA). The system was controlled by Chromeleon®
7 software (Thermo Scientific). The mobile phase was 0.1 mol/l MeOH —
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NaH,PO, (80+20, v/v) adjusted to the pH 3.40 with H;PO,, filtered through
0.22 um membrane filter, at a flow rate of 1.0 ml/min. Wavelength of excitation
radiation was 335 nm and emission 440 nm.

RESULTS AND DISCUSSION

TLC screening analysis showed that none of the investigated F. verticil-
lioides isolates produced FB,. Therefore, it can be said that this method was
not suitable for testing the potential for the biosynthesis of FUMs by F. verti-
cillioides isolates under laboratory conditions, although it has given good re-
sults in the case of other fusaria and fusariotoxins (deoxynivalenol, zearalenon,
diacetoxyscirpenol and T-2 toxin) (Bocarov-Stancic¢ et al. 2009).

However, the HPLC method showed that all the isolates possessed a tox-
igenic potential for FUM production (Table 2). It is important to emphasize
that only FB; was detected, although FB, and FB; were also analyzed.

The average FB, production in two wheat isolates were 29 and 61 pg/kg,
while in four maize isolates the average FB; levels ranged from 7 to 289 pg/kg.

Table 2. Fumonisin production (ug/kg) by Fusarium verticillioides isolates

Ord. Isolate Fumonisin Bl
No. designation (ng/kg)

1. 825/A 29

2. 825/B 61

3. 914 99

4. 1282 289

5. 2533/A 7

6. 2533/B 44

Many isolates of F. verticillioides could produce FUMs. It was found by
Nelson et al. (1991) that Australian isolates produced only trace amounts of FB;.
Nevertheless, Miller et al. (1993) discovered medium level (147 mg/kg) produc-
ing isolates in Southeast Asia. One of the greatest FB, yields (17,900 mg/kg)
was reported in South Africa. This toxin yield was obtained from whole maize
kernels as a culture material, with F. verticillioides MRC 826 as inoculum,
incubated at 20 °C in the dark for 13 weeks (Alberts et al. 1990).

In Europe, the isolate of F. proliferatum from maize investigated for FUMs
production biosynthesized much larger quantities of this fusariotoxin (31,000
mg/kg) (Castella et al. 1999).

According to Nelson et al. (1991), strains producing less than 50 mg/kg
of FB1 are low producers, those producing 50-500 mg/kg are intermediate
producers and those producing more than 500 mg/kg are high producers.
Regarding our results, it can be concluded that all our investigated isolates of
F. verticillioides are low FB, producers.
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Having in mind some previous researches in Serbia, it can be said that
Serbian isolates generally showed a significantly less capacity for toxin produc-
tion than South African or Spanish strains. Namely, maize isolates reported
by Tanci¢ et al. (2012) produced 88.60—1,300.60 mg/kg of FB; on maize grain
media, which is a larger magnitude when compared to our results.

CONCLUSION

The fast screening TLC method with cultivation of mycobiota on a YESA
medium was not suitable for testing the potential for the biosynthesis of FUMs
by F. verticillioides isolates under laboratory conditions, probably due to high
detection limit.

However, a modified screening method that consisted of the extraction of
FUMs from YESA, clean-up of the extract on a SPE column followed by the
HPLC-FLD analysis was suitable for detection of FUMs production in vitro.

All the tested F. verticillioides isolates from maize and wheat kernels
biosynthesized FB, in vitro, although rather low yields of toxin were obtained
(7-289 ng/kg).

Future investigations should show whether such low levels of FB, are the
result of the cultivation procedure or poor extraction efficacy of the modified
analytical method.
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IMOTEHIIMJAJI 3A TIPOU3BOJHBY OYMOHU3NHA
KO U3OJIATA Fusarium verticillioides CA 3PHA
KYKYPY3A U ITIIEHUIE 13 CPBUJE

Cama 3. KPCTOBUR!, Canapa M. JAKIITUR?,
Anexcanapa C. BOUAPOB- CTAHqI/m3 Cnasumna C. CTAHKOBI/IT14
Cuexana M. JAHKOBUR?, Urop M. JAJU'R!

"' Vuugepsurer y Hopom Casny, [Tossonpuspeinu hakyirer,
JlemapT™MaH 3a CTO4apcTBO,

Tpr Hocuteja O6pamosuha 8, Hosu Can 21000, Peny6nm<a Cpbuja
Hayunu uHCTHTYT 3a BeTepuHapcTBO ,,HoBu Can”,
PyMeHaqKH myT 20, HoBu Cax 21000, PeryGnuka Cp61/1Ja
3 THCTHTYT 3a IPUMEHY HayKe y TOJbOTPUBPE/IH,

Bbynesap necriota Credana 680, beorpan 11108, Penyonuka Cpouja
WHeTuTyT 32 KyKYpYy3 ,,3eMyH [losbe™,

Cnob6onana bajuha 1, 3emyH [Tosbe 11185, Peniyonuka CpoOwuja.

PE3UME: I1pou3Boatma hyMOHU3MHA KOJI OTESHIN]aJTHO TOKCUKOTCHUX Fusarium
verticillioides n3onara ca 3pHa KyKypy3a u IleHuIe nopekyioM u3 CpoOuje TeCTUpaH je
in vitro. YKynHo 1mect usonara F. verticillioides nakyOupaHo je Ha arapu30BaHOj MOJI-
JIO31 ca eKCTPAaKTOM KBacua 1 caxapo3oM (Y ESA) TokoMm yeTupu Helelbe, y MpaKy Ha
25 °C. KanauuTteTs ogabpaHux H301aTa 3a MPOU3BOIbY TOKCHHA JETEKTOBAHH CY MPHU-
MeHoM MoaudukoBane HPLC merozne 3a onpehuBame hyMOHU3UHA Y 3pHY )KUTAPHIIA,
jep 6p3a Tpujaxkna TLC meTona HUje gaa Mo3uTHBHE pe3yiTare. AHAIU3a je U3BeIe-
Ha Ha HPLC-FLD cucremy HakoH excTpaknuje y3opka u3 Y ESA xynrypa u3onara u
npeunithaBama excrpakra Ha SPE kononu. Ce aHanu3se cy ypaleHe y Tpu oHaBJba-
wa. Mako cy usonaru F. verticillioides TecTupanu Ha mpucycTBo GpymonusuHa by, b,
u b;, camo je pymonm3uH b, 6ro netexkToBaH. PesynTaTu cy mokas3aiu Jia CBU TECTUPAHH
M30JIaTH MMajy TOTCHIHjall y CHHTEe3U (pyMoHM3nHa B;. [Ipoceuna BpeaHocT mpons-
BeaeHor (pymonusuHa by kox usonara F. verticillioides xpetana ce on 7 1o 289 ug/kg,
LITO yKa3yje Ha U3y3eTHO BapujabUiIaH TOKCUTCHH IIOTCHIM]all HCTUX n3oiara. M3o-
naT o3Ha4eH ca 1282 mokazao je Hajehu noteHmujan 3a OHocHHTE3y PyMOHU3HHA by
(289 ng/kg), nok je nzomnar 2533/A UCHOIBMO TUCKYTaOUIIaH MOTEHLIM]all 32 TPOU3BOIILY
uctor pymonmsuna (7 pg/kg).

KJbYYHE PEUU: pymonusun, Fusarium verticillioides, ®xuTapuiie, TOKCHKOT€HU
MOTEeHITHjal
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COMPARISON OF ELISA AND HPLC METHODS
FOR THE DETECTION OF MYCOTOXINS
BY ANALYSING PROFICIENCY TEST RESULTS

ABSTRACT: Different analytical techniques for the detection of mycotoxins have
been developed in order to control the levels of mycotoxins in food and feed. Conventional
analytical methods for mycotoxin determination are involving techniques such as thin-
layer chromatography (TLC), high-performance liquid chromatography (HPLC) and gas
chromatography (GC). Also, rapid methods for mycotoxin analysis have become increas-
ingly important. Enzyme-linked immuno-sorbent assay (ELISA) is one of the most common
rapid methods for determination of these natural contaminants. The aim of this study was
to provide a comparison between two different methods of analysis (HPLC and ELISA) for
the detection of different mycotoxins using data that originate from commercial proficiency
tests. Based on the statistical evaluation of the results for both methods, in three proficiency
tests for various mycotoxins (aflatoxins, ochratoxin and zearalenone), it could be concluded
that both techniques can equally be used, although ELISA is considered to be the screening one.

KEYWORDS: ELISA, HPLC, food and feed, mycotoxins

INTRODUCTION

Mycotoxins are a major analytical challenge due to the range of chemical
compounds that they represent and the vast array of feed matrices in which
they are found. Analysis is essential for determining the extent of mycotoxin
contamination, for risk analysis, confirming the diagnosis of a mycotoxicosis
and for monitoring mycotoxin mitigation strategies (Nesic et al. 2013). In order
to control the levels of these natural contaminants in food and feed, different
analytical tools for their detection have been developed. The most common

* Corresponding author. E-mail: ksenija_n@yahoo.com
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are chromatographic techniques, but also rapid immunochemical methods have
become increasingly important.

Chromatographic techniques are based on the physical interaction between
a mobile phase and a stationary phase. The components to be separated are
distributed between these two phases. The mobile phase is usually a fluid that
penetrates through or along the stationary bed (liquid or solid). Liquid, gas and
supercritical fluids are currently used as mobile phase and chromatographic
techniques derive their names from the nature of the mobile phase: liquid
chromatography, gas chromatography and supercritical fluid chromatography,
respectively. In practice, the sample to be analyzed is dissolved in the mobile
phase and applied as a spot on the stationary phase. The analyte or sample is
carried along by the mobile phase and partitions between the solid and liquid
stationary phase are called the sorbent. The various constituents in the analytes
travel at different speeds resulting in differential partitioning of the constituents
between the mobile and the stationary phases. The most commonly used chro-
matography techniques for analysis of mycotoxins are thin-layer chromatography
(TLC), high-performance liquid chromatography (HPLC) and gas chromatography
(GC). Although many of the chromatographic techniques are very sensitive,
they require trained skilled technician, cumbersome pretreatment of sample
and expensive apparatus/equipment (Wacoo et al. 2014).

High-performance liquid chromatography (HPLC) is the most popular
chromatographic technique for separation and determination of organic com-
pounds. It is basically a highly improved form of column liquid chromatography.
Instead of a solvent being allowed to drip through a column under gravity;, it
is forced through under high pressures of up to 400 atmospheres. That makes
it much faster. All chromatographic separations, including HPLC, operate under
the same basic principle — separation of a sample into its constituent parts
because of the difference in the relative affinities of different molecules for the
mobile phase and the stationary phase used in the separation. HPLC instru-
mentation includes a pump, an injector, a column, a detector and an integrator
or an acquisition and a display system. The heart of the system is the column
where separation occurs (Brown and DeAntonois, 1997).

High-performance liquid chromatography provides fast and accurate myco-
toxin detection results within a short time. A sensitivity of detection as low as 0.1
ng/kg has been reported. However, the disadvantage of using HPLC for this
purpose is the requirement of rigorous sample purification using immunoaffinity
columns. In addition, HPLC requires tedious pre- and post column derivatization
processes to improve the detection limits. Therefore, to overcome the challenges
associated with derivatization processes in mycotoxin analysis, a modification of
the HPLC method, whereby the HPLC is coupled to mass spectroscopy, has been
made and is currently employed in the determination of mycotoxins (Wacoo et
al. 2014). Since the mass spectrometer requires neither use of UV fluorescence
nor the absorbance of an analyte, the need for chemical derivatization of com-
pounds is eliminated. The HPLC-MS/MS uses small amounts of sample to gen-
erate structural information and exhibits low detection limits (Rahmani et al.
2009). However, HPLC-MS/MS is bulky and very expensive equipment which
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can only be operated by trained and skilled personnel. Besides, this also limits
its use to laboratory environment only and not field conditions.

Immunochemical detection methods vary from simple immunoassay to
highly sophisticated immunosensors, but they all rely on the specificity of
binding between antibodies and antigens. The immunochemical reaction, i.e,
the binding of antibody and antigen, in an assay is not visible and therefore
several means to detect the reaction product, the immune complex, have been
developed based on signal-generating components and appropriate measuring
devices. The various immunoassays are named based on the signal-generating
component or tracer: Radioimmunoassay (RIA), Enzyme-Linked Immunosorb-
ent assay (ELISA), Chemiluminenscent Immunoassay (CL-IA), Fluorescent
Immunoassay (FIA), Lateral Flow Immunoassay (LF-IA) and immunosensors
(Meulenberg, 2012). The popularity of the antibody-antigen based techniques,
since their development in the late 1970s, is due to their high level of specific-
ity and sensitivity even in the presence of contaminating materials. Besides,
immunochemical methods do not require skilled and highly trained personnel
to troubleshoot in case of any problems during separation; they are less labor
intensive and consume less time, in which respects they are preferable to both
chromatographic and spectrophotometric techniques.

ELISA test kits are well favored as high through-put assays with low sample
volume requirements and often less sample clean-up procedures compared to
conventional methods such as TLC and HPLC. They are rapid, simple, specific,
sensitive and have become the most common quick methods for the detection of
mycotoxins in foods and feeds. However, although the antibodies have the advan-
tage of high specificity and sensitivity, because the target compounds are myco-
toxins but not the antigens, compounds with similar chemical groups would also
interact with the antibodies. This so-called matrix effect or matrix interference
commonly occurs in ELISA methods, which can give rise to underestimates or
overestimates in mycotoxin concentrations in commodity samples. Additionally,
insufficient validation in ELISA methods causes the methods to be limited in the
range of matrices examined. Therefore, an extensive study on the accuracy and
precision of the ELISA method over a wide range of commodities is still needed
and a full validation for an ELISA method is essential and critical (Mohamadi
et al. 2012). The conventional wisdom is that ELISA kits should be used rou-
tinely only for the analysis of matrices that are extensively tested. Confirmatory
analyses by more robust methods, e.g. HPLC with IAC clean-up or LC-MS, are
required for the contamination levels that approach the legal limit (Pascale, 2009).

When monitoring for the presence of mycotoxins either in raw and derived
agricultural products, there is a large choice of methods. Depending on the
purpose, either rapid detection or validation according to the regulations, one can
use quantitative and qualitative methods. Among the available conventional
methods, HPLC has been traditionally applied, and among the immunochem-
ical methods, ELISA has also been used. Having all that on our mind, the aim
of this paper is to provide a comparison between two most used methods for the
detection of different mycotoxins (HPLC and ELISA) using data that originate
from commercial proficiency tests.
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MATERIAL AND METHODS

The data were obtained from the official reports of three commercial inter-
national proficiency tests (PT):

+ Aflatoxin PT in 2015. The sample was naturally contaminated corn. The
material was sent to 222 laboratories and the results returned from 160
laboratory (72%). The following methods were reported to be used: ELISA
in 93 labs, HPLC with a variety of detection systems (FLD, MS, MS/MS)
in 58 labs, fluorimeter in 1 lab, LFD (Lateral Flow Device — strips for rapid
determination) in 4 laboratories and 4 laboratories did not declare the
method they used.

» Zearalenone PT in 2014. The test material was naturally contaminated
wheat. Sample was sent to 170 laboratories, while 124 of them (73%) sent
the feedback. Among them ELISA method was used in 75 laboratories,
HPLC with a variety of detection systems (FLD, MS, MS/MS) in 45
laboratories, LFD (Lateral Flow Device — strips for rapid determination)
in 2 laboratories, TLC in 1 laboratory and 1 laboratory did not express
the method.

* Ochratoxin PT in 2013. Sample was naturally contaminated wheat. The
material was sent to 98 laboratories and the results were reported by 78
laboratories (80%), where: 30 laboratories used ELISA method and 48 labo-
ratories used HPLC with a variety of detection systems (FLD, MS, MS/MS).
In order to compare the most used methods (HPLC and ELISA) for sta-

tistical analysis of data in all three proficiency tests, for calculations and graphs,
MS Excel 2002 was applied (Schmuller, 2009), as well as Grubbs’ test on-line
calculator on the GraphPad portal www.graphpad.com/quickcalcs/grubbs2/
(Motulsky, 1999). For the calculation of robust parameters of data distribution
free Excel add-in Robust Statistics Toolkit was used, which can be downloaded
from the portal of Royal Society of Chemistry, United Kingdom, Analytical
Methods Committee (AMC, 2001). Also, GraphPad Prism v4.0 for Mann-
Whitney U test, which is considered a non-parametric t-test, was applied. In
the analyzed PT schemes target standard deviation SDp is calculated, depending
on the target concentration, by the first of three forms of modified Horwitz
equation (Thompson, 2000; FAPAS, 2016):

SD,, = 0,22 x assigned value If assigned value < 120 pg/kg (ppb)

RESULTS AND DISCUSSION
Aflatoxin

According to the report of the PT provider, the assigned value for total
aflatoxins in the proficiency test 2015 was 6.4 pg/kg (ppb). The assigned val-
ue was calculated as the robust mean by Huber’s H15 method. Target standard
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deviation SD,, calculated by modified Horwitz equation was SD, = 1.4 ppb.
This means that the target accuracy was (CV%) 22%. Satisfactory results (z <2)
were achieved by 78.5% of laboratories that used ELISA method and 82.8% who
used HPLC.

Outliers detected
35
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Graph 1. Outliers in the overall aflatoxin PT results

First of all, in analysis of data available in the PT report, results in non-nu-
merical form (given as e.g. “< 2 ppb”’) were removed. Outliers were excluded
using Grubbs’ test on-line calculator. On the Graph 1, with the data sorted into
the class intervals of 1 ppb, outliers are colored in black. From a total of 160
results 9 of them were excluded from further analysis.

For the rest of results it was calculated: Mean value = 6.89 ppb (higher than
assigned value 6.4 ppb); SD =2.41 ppb (higher than SD,, = 1.40 ppb); CV% = 34.9%
(the accuracy of all methods, the real inter-laboratory reproducibility); Median
= 6.50 ppb; MAD, = 2.05 ppb (Median of Absolute Deviations); Huber’s H15
Robust Mean = 6.59 ppb; Huber’s H15 Robust SD = 2.03 ppb; Trimmed Mean
25% = 6.61 ppb; Modus = 5.92 ppb, calculated over the data sorted into class
intervals width of 2 ppb.

The asymmetry of data distribution — Skewness = 1.103 (where 0 means
there is no asymmetry, while a positive number means that there is a right-sided
asymmetry distribution). Asymmetry is visible on the chart with the data sorted
into class intervals width of 2 ppb, but we estimate that it is not too big and
in with further calculations it can be considered that the data have a normal
distribution.
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Graph 2. Frequency distribution of aflatoxin PT participants results

For each method following parameters have been separately calculated
and showed in Table I:

Table 1. Statistical parameters for ELISA and HPLC aflatoxin detection

ELISA HPLC
Mean [ppb] 7.47 6.23
SD [ppb] 2.38 2.22
CV% 31.8% 35.6%
Median [ppb] 7.10 6.03
MAD, [ppb] 1.85 1.97
H15 Robust Mean [ppb] 7.11 5.94
H15 Robust SD [ppb] 1.93 1.78
Trimmed Mean 25% [ppb] 7.15 5.97
Modus [ppb] 6.60 5.71
n 87 57
Skewness 1.297 1.267

right-skewed right-skewed
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ELISA vs HPLC
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Graph 3. Visual comparation of ELISA and HPLC frequency distributions of aflatoxin
results

F test Two-Sample for Variances showed that there was no statistically
significant difference in the variation coefficient (interlaboratory reproducibility
— precision) between the ELISA and HPLC methods (p = 0.29).

Non-parametric (robust) Mann-Whitney U-test and parametric t-test two-
tailed, equal variances, showed that there was a statistically highly significant
difference between median and mean values of these two methods (p = 0.004
and p = 0.002), but as they are on opposite sides almost equally distant from
the assigned value, we believe that there is no difference in accuracy between
them.

Zearalenone

The PT assigned value for zearalenone was 119 pg/kg (ppb). The assigned
value was calculated as the robust mean by Huber’s HI15 method. Calculated
target standard deviation was SD,, = 26 ppb. This means that the target accuracy
was (CV%) 22%. According to the analysis done by PT provider, satisfactory
results (z <2) were shown by 64.0% of the laboratory that used ELISA method
and 97.8% which used HPLC.

At the beginning, from the reported quantifications all non-numerical results
in the form “<2 ppb” were removed. Removing outliers was done by Grubbs’
test on-line calculator. On the Graph 4 data are sorted into class intervals width
of 10 ppb and outliers are colored in black. Totally 5 of 124 results were removed.
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Graph 4. Outliers in the overall zearalenone PT results

Other data were used to calculate: Mean = 118.4 ppb (assigned value 119 ppb);
SD = 47.5 ppb (higher than SD, = 26 ppb); CV% = 40.1% (the accuracy of all
methods, the real inter-laboratory reproducibility); Median = 123 ppb; MAD, =
32.5 ppb (Median of Absolute Deviations); Huber’s H15 Robust Mean = 119.5 ppb;
Huber’s H15 Robust SD = 35.0 ppb; Trimmed Mean 25% = 118.8 ppb; Modus =
127.7 ppb, calculated over the data sorted into the class interval width of 25 ppb.

Asymmetry of data distribution — Skewness = 0.185 (mild right-sided
asymmetry), which means that it can be considered that the data have a normal
distribution.
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Graph 5. Frequency distribution of zearalenone PT participants results
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The following parameters were calculated for each method separately and
showed in Table 2:

Table 2. Statistical parameters for ELISA and HPLC zearalenone detection

ELISA HPLC
Mean [ppb] 116.6 1199
SD [ppb] 56.6 21.5
CV% 48.6% 17.9%
Median [ppb] 117.0 124.6
MAD, [ppb] 49.8 22.4
H15 Robust Mean [ppb] 117.4 120.9
H15 Robust SD [ppb] 49.5 20.2
Trimmed Mean 25% [ppb] 116.4 120.5
Modus [ppb] 129.2 126.7
n 71 44
Skewness 0.124 -0.234
right-skewed left-skewed
ELISA vs HPLC
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Graph 6. Visual comparation of ELISA and HPLC frequency distributions of
zearalenone results

F test Two-Sample for Variances showed that there was statistically significant
difference in the variation of results (in interlaboratory reproducibility — precision)
between the ELISA and HPLC methods (p = 3.4-107'%) and that in this case, as
it could be seen in the Graph 6, an ELISA method showed lower precision.
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Non-parametric (robust) Mann-Whitney U-test and parametric t-test two-
tailed, unequal variances, showed that there was no statistically significant dif-
ference between median and mean values of two methods (p = 0.97 and p = 0.65),
which means that there was no statistically significant difference in accuracy
between these two methods.

Ochratoxin

The assigned value for ochratoxin in the proficiency test 2013 was 6.8 pug/kg
(ppb). It was calculated as the robust mean by Huber’s H15 method and target
standard deviation SD, was SD,, = 1.5 ppb. This means that the target accuracy
was (CV%) 22%. According to the report of the PT provider, 63.3% of the
laboratory that had used ELISA demonstrated satisfactory results (z <2), as well
as 79.2% who had used HPLC.

Analyzing the data available in the PT report, all results in non-numerical
form (given as e.g.’< 2 ppb”) were removed. Outliers were excluded using
Grubbs’ test on-line calculator. On the Graph 7, with the data sorted into the
class intervals of 1 ppb, outliers are colored in black. From a total of 78 results
4 of them were removed.

Outliers detected

Frequency
[e¢]

Ochratoxin concentration [ug/kg]

Graph 7. Outliers in the overall ochratoxin PT results

The rest of the laboratory results were used to calculate: Mean = 6.22 ppb
(assigned value 6.8 ppb); SD = 2.33 ppb (higher than SD,, = 1.5 ppb); CV% = 37.4%
(the accuracy of all methods, the real inter-laboratory reproducibility); Median
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= 6.35 ppb; MAD, = 2.21 ppb (Median of Absolute Deviations); Huber’s H15
Robust Mean = 6.26 ppb; Huber’s H15 Robust SD = 2.43 ppb; Trimmed Mean
25% = 6.23 ppb; Modus = 6.78 ppb, calculated over the data sorted into the
class interval width of 2 ppb.

Asymmetry of data distribution — Skewness = 0.07 (almost no asymmetry).
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Graph 8. Frequency distribution of ochratoxin PT participants results

Statistical parameters showed in Table 3 have been separately calculated
for each method:

Table 3. Statistical parameters for ELISA and HPLC ochratoxin detection

ELISA HPLC
Mean [ppb] 5.80 6.47
SD [ppb] 2.53 2.18
CV% 43.7% 33.7%
Median [ppb] 5.85 6.44
MAD, [ppb] 3.31 1.85
H15 Robust Mean [ppb] 5.78 6.51
H15 Robust SD [ppb] 3.00 2.04
Trimmed Mean 25% [ppb] 5.75 6.48
Modus [ppb] 6.69 6.75
n 28 46
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ELISA vs HPLC
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Graph 9. Visual comparation of ELISA and HPLC frequency distributions of
ochratoxin results

F test Two-Sample for Variances showed that there was no statistically
significant difference in the variation of results (in interlaboratory reproduc-
ibility — precision) between the ELISA and HPLC methods (p = 0.18).

Non-parametric (robust) Mann-Whitney U-test and parametric t-test two-
tailed, equal variances showed that there was no statistically significant dif-
ference between median and mean values of two methods (p = 0.27 and p =
0.23), which means that there was no statistically significant difference in
accuracy between these two methods.

In all proficiency tests the estimated standard deviation of PT (SDp), an
important parameter for the calculation of z-score and ranking of laboratories,
was always much smaller than the actual variability of the reported results. It
is now clear that the SDp was calculated only on the basis of the assigned
value and that it was an estimation of the provider as variability of results
should be, not what they were actually. Therefore, we express certain doubts
into the usefulness of such a parameter that is not based on reality.

Taking into account all results mentioned above and in spite of some
literature data (Pascale, 2009; Mohamadi et al. 2012), we abandoned the strict
statement that one method is more useful than the other. Although such com-
parison of methods in this case is rather crude, because of different detection
systems in HPLC and various kits for ELISA method that were used, we noted
well performance of both techniques and we consider information from pro-
ficiency tests extremely beneficial for the analysis. It appeared that the use of
ELISA method is entirely appropriate for the determination of mycotoxins,
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especially in animal feed where the legal limits are higher. Due to its simplicity
and accessibility, analysts of different profiles and little training can apply it.
This may also be the cause of less accurate determination of zearalenone in
PT2014. In the Graph 6 it could be seen that there was a core of 64% of labo-
ratories (which had satisfactory results of z-score <2) whose distribution curve
resulted in a sharp peak and almost exactly matched the results of the HPLC
method. It seems like good proof of usability of ELISA method also for zea-
ralenone detection, but that reliable results could be achieved with good training
and enough experience.

In laboratory practice, HPLC is the “number one” technique for the meas-
urement of main mycotoxins occurring in cereals and cereal-based products
and LC-MS/MS is the most promising technique to be used in the future for
multi-mycotoxins analysis. Also, the common perception is that various im-
munological methods, ELISA and other rapid antibody-based tests should
generally be used for screening purposes only and that these methods often
require confirmatory analyses with more robust methods. Some authors (Pas-
cale, 2009; Mohamadi et al. 2012) emphasize that ELISA kits should be used
routinely only for the analysis of matrices that are extensively tested and that
confirmatory analyses by e.g. HPLC with IAC clean-up or LC-MS, are required
for the contamination levels that approach the legal limit. Despite of general
acceptance of this view, the results obtained by ELISA method in analyzed
proficiency tests showed that it is very reliable and that the importance of this
technique can not be neglected, even for forensic purposes.

CONCLUSION

Final reports of proficiency tests contain important information for the
general scientific and professional community and upon our experience it
would be good to have them more available. Based on the analysis of more
than 360 laboratory results of the tests presented here, in which our laboratory
took part, we came to conclusions useful not only for direct participants, but
for the wider society. Considering that parts of these reports are useful as a
scientific and technical literature, we analyzed them in order to check whether
the HPLC method has such clear advantages in comparison to the ELISA.
Finally, it was concluded that both techniques could be successfully used for
mycotoxin control, especially of animal feed where legal limits are higher than
in food.
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[NOPEBEWE ELISA 1 HPLC METOJE 3A AETEKLIMJY MUKOTOKCHUHA
AHAJIN30M PE3VYJITATA PROFICIENCY TECTOBA

Kcenuja JI. HEIIUR!, Bopuc I1. TMCUHOB!, Canxpa M. JAKIIINR?,
Anexcannpa M. TACUR!, Boxunap M. CABHUR!, Hukona J. ITABJIOBUR!

'Hayunu uHCTUTYT 32 BeTepunapctBo Cpouje,
AyTtonyrt 3, beorpan 11070, Penny6nuka Cpouja
> HayuHU HHCTUTYT 3a BeTepuHapcTBo ,,Hopu Can®,
Pymenauxu myT 20, HoBu Can 21000, Perry6nuka Cpouja

PE3UME: V 1usby KOHTpOJIE TPUCYCTBAa MUKOTOKCHHA U HUBOA KOHTAMHHALH]je
XpaHe ¥ XpaHe 33 )KUBOTHIbE Pa3BUjEHE Cy PA3INYUTE aHATUTHYKE TEXHHUKE 32 JeTeK-
LMjy OBUX IPUPOJHUX KOHTaMUHEHaTa. KOHBEHLIMOHAIHE aHAJIUTHYKE METOE 3a
yTBphUBame MUKOTOKCHHA Cy TaHKociojHa xpoMarorpadwuja (TJILL), Teuna xpomaTo-
rpadwuja Bucokux nepdopmancu (XITJIL) u racHa xpomarorpaduja (I'LL). Takohe, Op3e
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METOJIe 32 MUKOTOKCHKOJIOIIKE aHAJIN3E [TOCTajy cBe BaxkHU]je, Mely kojuma je EJIMCA
(Enzyme linked immuno-sorbent assay) jenHa on HajnpuMeHJbUBHjuX. Lluse oBor paga
0o je fa ce JiBe pa3nuunTe u Hajuernhe kopuiiheHe 1abopaTopujcke METOIE 38 YTBP-
huBame paznuuntux MmukorokcuHa (XITJIL[ u EJIMCA) ynopene anann3om mnojaraka
KOj¥ IOTHYY U3 KOMEPIHjaJIHUX TeCTOBa 0CIOco0beHOCTH (proficiency TecToBa). Ha
OCHOBY JIeTaJbHE CTaTUCTUYKE MTPOLIEHe pe3yaTara JoOHjeHuX IPUMEHOM OBUX METOAA
3a KBaHTU(UKaLH]y adIaTOKCHHA, OXPAaTOKCHHA U 3eapaJleHOHa, y TPU KOMepLHjaIHa
proficiency Tecta, MOXKe C€ 3aKJBYUUTH J1a 00¢ TEXHUKE MOT'Y PaBHOIIPABHO Ja CE KO-
pHcTe ¢ BeNMKOM Toy3aaHotrhy, nako ce yecto HaBoan aa je EJIICA moroxna camo
3a TIOYETHY TPHjaKy y30paka.
KEYWORDS: ELISA, HPLC, food and feed, mycotoxins

93






30opHuK Marune cprcke 3a npupoaHe Hayke / Matica Srpska J. Nat. Sci. Novi Sad,
Ne 133, 95—104, 2017

UDC 633.15:582.281/.282
https://doi.org/10.2298/ZMSPN1733095N

Milica V. NI,KOLIC’*, Slavica 7. STANKOVIC,
Iva J. SAVIC

Maize Research Institute “Zemun Polje*
Laboratory of Phytopathology and Entomology
Slobodana Baji¢a 1, Zemun Polje — Belgrade 11185, Republic of Serbia

COMPARISON OF METHODS FOR DETERMINATION OF
THE TOXIGENIC POTENTIAL OF Aspergillus parasiticus Sp.
AND Aspergillus flavus L. ISOLATED FROM MAIZE

ABSTRACT: Maize is considered one of the most susceptible crops to mycotoxins
worldwide. Compared to other mycotoxins, the greatest attention has been paid to aflatoxins,
due to their potential carcinogenicity and due to significant and longstanding problems they
can cause in humans and animals. 4. flavus and 4. parasiticus produce aflatoxins in many
economically significant crops in both fields and storages. Because of the potential aflatoxin
contamination of maize grain, the toxigenic potential of A. flavus and A. parasiticus isolates,
originating from Serbia, was tested in the present study. Furthermore, various applied methods
for detection of these mycotoxins were compared in the study. Cultural, serological and analyti-
cal methods for the detection of mycotoxins were compared in the course of the experiment by
the direct extraction of aflatoxins from the nutrient medium. The cultural methods for the
detection of aflatoxin production were applied to 20 isolates of A. flavus (MRIZP Af18-20)
and 4. parasiticus (MRIZP Apl-17). These methods are based on the yellow pigment forma-
tion in mycelia and nutrition media, occurrence of fluorescence on PDA (potato dextrose agar),
agar containing -cyclodextrine (CD-PDA), as well as on the red pigment formation after
adding ammonium hydroxide to the existing medium. The ELISA was used to check quan-
titative and qualitative analyses of total aflatoxins (B1, B2, G1, G2) while the HPLC method
was applied to establish ability of isolates to synthesize aflatoxins B1, B2, G1, G2. The yellow
pigment formation, fluorescence and colony color changes of isolates into red, as a proof of
toxigenicity of isolates, were confirmed in all cases by ELISA. A high potential of total
aflatoxin production was determined in the majority of observed isolates. The ability of
A. parasiticus isolates to synthesize aflatoxins G1 and G2 was confirmed by the HPLC meth-
od. This was essential for a better understanding of the key role of the suitability of cultural
methods for preliminary evaluation of a large number of isolates. Our goal was to employ
rapid biochemical approaches to prevent aflatoxin contamination of crops, and to reduce
human and animal exposure to foodborne mycotoxins.
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INTRODUCTION

The majority of aflatoxins producing fungi are members of the genus
Aspergillus classified into the section Flavi (Frisvad et al. 2004). These fungi
are often isolated from warm-humid areas. Among 22 closely related species
in Aspergillus section Flavi, Aspergillus flavus and A. parasiticus are com-
monly encountered in a variety of agricultural products. The two species are
responsible for the majority of aflatoxin contaminations, but 4. flavus is the
most common one (Varga et al. 2011).

Numerous studies have shown that the mycotoxigenic potential and profile
of A. flavus is far more variable, with some isolates producing little or no
aflatoxins. A. parasiticus typically produces more consistent and higher con-
centrations of aflatoxins. Razzaghi-Abyaneh et al. (2006) reported 100%, i.e.
27.5% of aflatoxigenic A. parasiticus, i.e. aflatoxigenic A. flavus strains, respec-
tively. Similarly, Rodrigues et al. (2009) detected 77% of atoxigenic isolates in
A. flavus, while all A. parasiticus isolates were found to be aflatoxigenic. A. flavus
typically produces AFB and can be most frequently isolated from the above-
ground plant parts (leaves, flowers), while 4. parasiticus produces AFG1 and
AFG2, as well as AFB1 and AFB2 and is more adapted to soil environments
(EFSA, 2007). Due to their high toxicity and carcinogenic potential, they are
of high concern for the safety of food worldwide (Ellis ez al. 1991).

There are many highly specialised and sensitive methods that can be ap-
plied to the determination of the aflatoxin concentration in commodities or in
cultures, such as high-performance liquid chromatography (HPLC), enzyme-
linked immunosorbent assay (ELISA), thin-layer chromatography (TLC), and
fluorescence polarisation assay (Seitz, 1975; Trucksess et al. 1994; Whitaker
et al. 1996; Maragos and Thompson, 1999; Stroka and Anklam, 2000; Nasir
and Jolley, 2002; Sobolev and Dorner, 2002; Abbas et al. 2004). These methods
are usually expensive and time-consuming. Commercially available ELISA
kits provide a relatively simple assay for quantification of the total aflatoxin
concentration, but do not provide the identification of individual aflatoxins
present in the sample (Abbas et al. 2004).

Considering the significance of the problems caused by aflatoxins, simple,
rapid, and reliable cultivation methods were necessary to determine aflatoxins
tested in this study. Several screening methods have been developed for the
direct visual determination. Aflatoxin production by Aspergillus isolates can
be visualised under long-wave UV light (365 nm) when grown on media suit-
able for aflatoxin production, such as potato dextrose agar and coconut agar
(Gupta and Gopal, 2002). The fluorescence emission of AFB1 and AFGI is
substantially improved when treated with enhancer agents, such as cyclodex-
trins (CDs). Fente et al. (2001) showed that adding 3-CD to a suitable agar
medium enhanced detection of aflatoxin production by A. flavus and 4. para-
siticus in the blue fluorescent zone under 365 nm. A second cultural method
involves yellow pigment production by A. flavus colonies that correlates with
aflatoxin production (Lin and Dianese, 1976). Aflatoxin production can be
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detected with ammonia vapour as it changes the colour of toxigenic colonies
from yellow to pink upon exposure (Saito and Machida, 1999).

The major objective of this study was to screen aflatoxin producing fun-
gi in the maize samples based on the different cultural methods and to compare
them with analytical methods. Because of the potential aflatoxin contamination
of maize grain, the toxigenic potential of A. flavus and A. parasiticus isolates,
originating from Serbia, was tested in the present study. Furthermore, various
methods applied to detect these mycotoxins were compared in the study. Cul-
tural, serological and analytical methods for the detection of mycotoxins were
compared in the course of the experiment by the direct extraction of aflatoxins
from the nutrient medium.

MATERIALS AND METHODS
Aspergillus strains

The trial with a total of 20 isolates of A. flavus and A. parasiticus, iso-
lated from Serbian maize, was carried out in the period 2013-2015. In order
to identify fungi and to perform morphological studies, fungi were cultured on
Czapek yeast agar (CYA) and malt extract agar (MEA). 4. flavus and A. para-
siticus were identified according to the standard identification keys (Raper et
al. 1973; Klich and Pitt 1988; Samson et al. 2007; Samson et al. 2014). The
obtained pure cultures of 4. flavus and A. parasiticus were maintained in the
fungal collection of the Maize Research Institute “Zemun Polje* and were then
used to obtain monospore cultures. Twenty isolates were selected for further
toxicological analyses: 17 A. parasiticus isolates and three isolates of A. flavus.

Sample preparation for the mycotoxin assessment

The point inoculation of isolates was done in the center of the plate by
using a dense conidial biomass. Isolates were grown on potato dextrose agar
(PDA) and PDA enriched with 0.3% B-CD (CD-PDA) (Acros, Organics, China)
as single colonies in the 9-cm Petri dishes. Cultures were incubated for 5 days at
2841 °C in the dark (Abbas et al. 2004). All strains were tested for aflatoxin
production according to the following methods:

Cultivation methods and observation of fluorescence

Rapid techniques for the detection of aflatoxigenic and non-aflatoxigen-
ic Aspergillus were investigated in this study using a yellow pigment formation
in mycelium and media (Lin and Dianese, 1976; Gupta and Gopal, 2002) am-
monia vapour (Saito and Machida, 1999; Kumar et al. 2007) and methylated
B-cyclodextrine (Fente et al. 2001) as indicators of Aspergillus colonies grown
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on PDA and CD-PDA. In the course of the application of these methods, afla-
toxigenic strains were developed on the reverse side of colonies of purple

reddish colour, when subjected to ammonium vapour and fluorescence under
UV light.

Yellow pigmentation

The yellow pigment formation in mycelia and media is a basis for the
diagnostic determination of aflatoxigenic isolates (Abbas et al. 2004a; Shier
et al. 2005; Odhiambo et al. 2014). The degree of yellow pigmentation is pro-
portional to blue fluorescence in culture media (Lin and Dianese, 1976).

Methyl-f3-cyclodextrin test

The presence or absence of fluorescence in the agar surrounding the col-
onies grown on PDA and CD-PDA was determined under UV radiation (365
nm) and assayed as positive or negative. All strains were analysed with ELISA
and HPLC to confirm the correlation between fluorescence and aflatoxin
production.

Ammonia vapour test

After five-day growth of colonies, Petri dishes were inverted over 3 drops
of 28-30% ammonium hydroxide (Acros Organics, USA). Toxicity of isolates
was determined on the basis of a change in colour of the nutrient medium. The
color change occurred after the colony was in contact with ammonia vapour.
In the non-toxic isolates there was no change of colour.

Determination of aflatoxins by ELISA and HPLC

The contents of PDA and CD-PDA plates were scraped into a tube to col-
lect fungal biomass. Fungal biomass (mycelia, conidia heads, conidia) was
placed in glass scintillation vials (20 mL) and fresh weights were recorded
(typically 0.5-1 g). Methanol-water (70:30, v/v) was added (10:1, v/m) to vials,
and the vials were shaken for 30 min at high speed with a reciprocal shaker. A
I-mL aliquot of extract was removed and centrifuged at 12 000 g for 10 min
with a MicroSpin 128 centrifuge. The supernatant was assayed for the presence
of total aflatoxins (B1, B2, G1, and G2), using ELISA kits (Elabscience Bio-
technology Co., Ltd). The obtained strains were analysed by high-pressure
liquid chromatography (HPLC) with fluorescence detection to confirm the
presence of aflatoxins B1, B2, G1, and G2. Prior to the separation by HPLC,
fungal biomass had to be extracted with a solvent mixture acetonitrile-dd H20
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(90:10, v/v) and was added (100:1, v/m) to vials (Abbas et al. 2004). All experi-
ments were repeated three times.

RESULTS AND DISCUSSION

A large number of fungal colonies showing positive results after 5 days
of growth on PDA and CD-PDA were determined with one of the methods
stated below. Agreements and minor divergences are shown in Table 1.

Yellow pigmentation

A. parasiticus cultures producing aflatoxin formed yellow pigmentation
in almost all strains used in our experiments. The isolate MRIZP — AP17 was
an exception as it did not produce yellow pigment in mycelium, but it produced
toxins. The degree of yellow pigmentation was in concordance with fluores-
cence in all isolates producing toxins. Non-aflatoxigenic isolates did not pro-
duce yellow pigments (MRIZP — AF1, MRIZP — AF2, and MRIZP — AF3).
This is in agreement with results obtained by Lin and Dianese (1976) who
indicated that the degree of yellow pigmentation was proportional to fluores-
cence in all media tested.

Ammonium hydroxide vapour test

A. parasiticus isolates MRIZP — AP1, MRIZP — AP2, MRIZP — AP10, and
MRIZP — AP14 produced purple reddish pigmentation, while 4. parasiticus
isolates MRIZP — AP3, MRIZP — AP4, MRIZP — AP5, MRIZP — AP6, MRIZP
— AP7,MRIZP — AP8, MRIZP — AP9, MRIZP — AP11, MRIZP — AP12, MRIZP
— AP13, MRIZP — AP15, and MRIZP — AP16 produced moderate purple red-
dish pigmentation on the reverse side of colonies with the ammonium hydrox-
ide test. A. flavus isolates MRIZP — AF1, MRIZP — AF2, and MRIZP — AF3
did not show color change in any of the experiments, because they are non-
-aflatoxigenic strains. The isolate MRIZP — AP17, which did not produce yellow
pigment in mycelium, showed red pigmentation, which was unusual. There
was toxin confirmation when this isolate was tested with ELISA and HPLC.
Nevertheless, it can be concluded that the ammonium hydroxide test was a
reliable test for detection of aflatoxins. Saito and Machida (1999) reported that
the ammonium hydroxide vapour test gave 11% false positive and 6% false
negative results for aflatoxigenicity. Kumar et al. (2007) reported 92% efficacy
for the ammonium vapour test having 8% false negatives. Abbas et al. (2004)
used yellow pigmentation combined with the ammonium hydroxide vapour
test and thus false negatives were reduced to 7%.
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The number of positive colonies detected using this methodology also
followed a similar pattern as exhibited by the results obtained from colony
fluorescence.

Methyl-f3-cyclodextrin test

Results gained with the methyl-B-cyclodextrin test are in accordance with
the findings discovered with the ammonium hydroxide vapour test. The only
exception was the isolate MRIZP — AP17 as toxins were produced in it, which
was indicated by results of ELISA and HPLC. Moreover, false positives were
obtained by the absence of blue fluorescence in the CD-PDA media under UV.
Our findings showed that the methyl-B-cyclodextrin test was sensitive enough
to detect aflatoxins.

ELISA and HPLC

Aflatoxin production abilities tested previously by fluorescence under
UV light of strains cultivated on potato dextrose agar were in concordance

Table 1. Agreement between three methods for culturing, with ELISA and HPLC quantities
from A. flavus and A. parasiticus

. Yellow' Fluorescence Ammonia  ELISA (total HPLC
Isolates pigmentation vapour aflatoxins) G1/G2
PDA CD-PDA PDA CD-PDA PDA CD-PDA ng/g (ng/g)
MRIZP Ap 1 + + + + + + 2,110 3.123,01/ND
MRIZP Ap 2 + + + + + + 4,140 5.059,26/114,57
MRIZP Ap 3 + + + + + + 4,970 5.746,97/217,83
MRIZP Ap 4 + + + + + + 5,595 6.449,07/92,02
MRIZP Ap 5 + + + + + + 2,350 3.437,81/306,65
MRIZP Ap 6 + + + + + + 2,525 3.461,35/260,47
MRIZP Ap 7 + + + + + + 3,215 7.122,59/395,18
MRIZP Ap 8 + + + + + + 2,300 8,03/ ND
MRIZP Ap 9 + + + + + + 2,695 554,22/47,69
MRIZP Ap 10+ + + + + + 6,655 7.421,58/374,93
MRIZP Ap 11 + + + + + + 2,510 3.285,56/188,75
MRIZP Ap 12+ + + + + + 4,595 634,80/ ND
MRIZP Ap 13+ + + + + + 2,175 4.976,12/109,58
MRIZP Ap 14+ + + + + + 7,260 7.095,32/102,61
MRIZP Ap 15 + + + + + + 5,075 5.124,99/128,02
MRIZP Ap 16 + + + + + + 7,490 6.240,54/201,47
MRIZP Ap 17 - - - — + + 2,435 6.518,88/90,52
MRIZP Af 1 - - - — - — ND ND
MRIZP Af2 - - - - - - ND ND
MRIZP Af3 — — — — — — ND ND

ND — not detected
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with those obtained by ELISA and HPLC determination. A high potential of
total aflatoxin production was established in the majority of tested isolates. In
our study, all 4. parasiticus strains produced aflatoxins. On the other hand,
none of A. flavus strains produced aflatoxins. Their ability to synthesize a high
concentration of aflatoxins G1 and G2 was confirmed by the HPLC method.
A. parasiticus isolates showed a high production potential of B- and G-type
aflatoxins in previous researches (Vaamonde et al. 2003; Rodrigues et al. 2009;
Baquido et al. 2013).

The fluorescence on CD-PDA had the highest degree of conformity for
the identification of toxigenic isolates with the ELISA assay. Abbas et al. (2004)
achieved similar results with the strongest correlation between the cyclodextrin-
enchanced fluorescence test and ELISA among the tested methods of culturing
and they showed that these methods were reliable in screening aflatoxin pro-
duction by Aspergillus strains.

CONCLUSIONS

The present study shows the adequacy of the culturing method for the
preliminary isolate evaluation. In case of limited resources, this method is suit-
able for the detection of aflatoxins due to the cost-effectiveness of application.

Although all culturing methods applied in this study could be used as
preliminary indicators, the ELISA test, i.e. HPLC is confirmed to be a reliable
method for the toxin detection in 4. flavus and A. parasiticus. Having in mind
that aflatoxin contamination, as a major threat to human health and to the world’s
food supply, will be an issue in the foreseeable future, further insight might lead
to the development and improvement of methods for its continuous analysis.

As global climate changes continue to affect regions of Europe, the po-
tential impact of aflatoxin contamination may increase beyond regions with
tropical climate, which is already happening. The ability to estimate climate
changes and the relation between these changes and fungal infection and sub-
sequent aflatoxin contamination will help in predicting and dealing with this
emerging risk.
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KOMITAPAIIMJA METOJIA 3A YTBPBUBAE TOKCUT' EHOTI!
NOTEHIMIAJIA Aspergillus parasiticus Speare U Aspergillus flavus Link
N30JIOBAHUX CA KYKYPY3A

Mununa B. HUKOJIMR, Cnasuna )K. CTAHKOBUR, HBa J. CABU'h

WHceTuTyT 32 KyKYpy3 ,,3eMyH [losbe®,
Jlaboparopuja 3a pUTONATOIOTH]y U EHTOMOJIOTH]Y,
Crnobonana bajuha 1, 3emyn Ilosse — beorpan 11185, Peny6nuka Cpouja

PE3MME: Kykypy3 ce mupom cBeTa cMaTpa jeAHUM O yCeBa HAJIIOIIOKHU]UX
3a KOHTAMHMHALA]Y MUKOTOKCHHUMA. AJIaTOKCHHAMA C€, y Opehersy ¢ IpyriuM MUKO-
TOKCHHHMA, IpuJiaje HajBeha makma 300T IBUXOBE MOTEHLMjaTHe KaHIEPOTreHOCTH,
3HAYajHUX U IyTOpPOYHUX IpobieMa Koje U3a3uBajy Kol JbyAH 1 )KUBOTHIba. BpcTe A.
flavus u A. parasiticus MOTy IpOIyKOBaTH a(IaTOKCUHE KOJ MHOTHX €KOHOMCKH
3HAYajHUX KYJITypa y OJbUMa U CKJIaJUIITHMA. 300T IOTEHIMjajHE KOHTaMUHALUje
3pHa KyKypy3a a(IaToOKCHHIMA Y OBOM pajy je HCIIUTAH TOKCHTCHHU OTCHITH]all H30-
JlaTa yrpaBo OBe JBe BpcTe nopekyioM u3 Cpouje u ynopeheHe cy pasinduTe MeToIe
AeTeKuuje oBuX MuKoTOkcHHA. TokoM ekcnepumenTa ynopeheHe cy oarajusauke,
CEPOJIOLIKE 1 aHATHTHYKE METO/E ICTEKIH]je MUKOTOKCHHA, JUPEKTHOM EKCTPAKLIH]OM
aQnatokcuHa U3 XpaHsbnBe noasiore. Mcrpaxkunsarma cy 6a31/1paHa Ha IPUMEHH OJIraju-
BayKe MeTO/Ie 3a ofpehuBame npoxykuuje apuatokcuna kox 20 uzonara 4. parasiticus
(MRIZP Apl-17) u 4. flavus (MRIZP Af18-20) nopeknom u3 Cpbuje. Oxrajusaixe
MeTozie Cy OuJie 3aCHOBaHe Ha OPMUPAILY XKYTOI TUTMEHTA Y MULIEIHjU U XPaHJbUBO]
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M0/JI03H, Ha MojaBu (uryopecuennnje Ha PDA (kpoMnup JeKCTPO3HU arap) U MoJjio3u
Koja caapsu B-uukiogekctpu (CD-PDA), xao u Ha 006pa3oBamy IPBEHOT MIUTMEHTA
y TIOJIJIO3U HAKOH J0JaBama aMoHUjyM xuapokeuaa. ELISA tect je kopuurhen 3a mpo-
Bepy KBAaHTHTATHUBHHUX M KBAJIMTATUBHUX caJipikaja yKynmHux adnarokcuna bl, b2, 'l
u I'2, nok je HPLC metonom yTBpleHa KOHIIEHTpaIlKja MojelnHaYHUuX a]iaTOKCHHA
b1, B2, I'l u I'2. OGpa3oBame KyTor MUrMeHTa, (pyopeclieHInja U mpomMeHa 0oje
KOJIOHHU]€ U30J1aTa y LPBEHY, Kao JOKa3 TOKCUI'€HOCTH U30J1aTa, IOTBpheHa je y CBUM
ciyyajesuma u ELISA Tecrom. Ko Behnue n3onarta ycTaHOBIbEH je BUCOK IIOTCHIIH]AIT
npoxyknuje ykymaux adiaarokcuaa. HPLC meTomom notephena je n crmocodHOCT
cuntese aduatokcuna 'l u I'2 ox cTtpane uzonara A. parasiticus. Llusb ekcriepuMenTa
010 je 1a ce ucnura epuKacHOCT yrnorpede Op3ux TeCToBa 3a JCTEKIU]y adaaToKkcuHa,
Kako OM ce cripeyniia KOHTaMUHAIIM]a YCeBa U U3JI0KESHOCT JbY/IU U JKUBOTHIbA aduia-
TOKCHHHMA.

KJbYYUHE PEYMN: Aspergillus parasiticus, Aspergillus flavus, KyKypy3, TOKCH-
TeHU MOTEHIU]all
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IMPACT OF Fusarium MYCOTOXINS
ON SWINE HEALTH — FIELD OBSERVATIONS

ABSTRACT: Mycotoxins are structurally diverse fungal metabolites that can con-
taminate a variety of dietary components consumed by animals and humans. The aim of
this paper was to present the field observations of clinical and pathological consequences
on swine health in the cases when Fusarium mycotoxins were detected in swine feed. The
material for research included the samples from swine farms located in the region of Vojvo-
dina, where health disorders resembling intestinal problems in different swine categories
were detected. The applied research methods included: epidemiological and clinical evalu-
ation, gross pathology examination, bacteriological tissue testing originating from diseased
dead animals. The presence of deoxynivalenol (DON), T-2 toxin and zearalenone (ZEA) in
thirteen complete swine feed mixtures were analyzed by enzyme-linked immunosorbent
assay methods, using Ridascreen®FAST DON, Ridascreen® FAST T2, and Ridascreen® FAST
Zearalenon test kits (R-Biopharm, Germany). By clinical and pathological examination, the
lesions predominantly located in digestive tract were observed in different swine categories.
The problem of persistent enteric infections in suckling piglets and alteration of growth
performance were notified in weaners and fatteners. In adult categories, reduced feed con-
sumption, sometimes distinct feed refusal and vomiting were observed. In all examined
samples of complete feed mixtures for different swine categories the concentration of DON
exceeded the maximum permitted levels, but also the presence of other Fusarium mycotoxins
was detected. The obtained results indicate the existence of feed mixtures contamination with
low levels of Fusarium mycotoxins and their possible positive interaction with etiological
agents present in swine farms.

KEYWORDS: swine health, Fusarium mycotoxins, Vojvodina
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INTRODUCTION

Mycotoxins are toxic secondary metabolites produced by certain fungi,
which can cause a variety of adverse effects on both humans and animals
(Osweiler, 2006; Kabak, 2012). Depending on classification, 300-400 myco-
toxins are known today (Streit et al. 2012; Weaver et al. 2013). In many parts
of the world, mold-contaminated feedstuffs and resultant mycotoxin levels in
the diet constitute a considerable health hazard (Jackson and Cockcroft, 2007,
Streit et al. 2012). It is estimated that 25% of the world’s crop production is con-
taminated by mycotoxins during the pre-harvest period, transport, processing
or storage (Greinier and Applegate, 2013; Weaver et al. 2013). The major myco-
toxin-producing fungal genera are Aspergillus, Fusarium and Penicillium,
mainly producing aflatoxins (AF), zearalenone (ZEN), trichothecenes (TCT),
fumonisins, ochratoxins and ergot alkaloids (Piotrowska ef al. 2014). Among the
mycotoxins produced by Fusarium genus, the broad family of TCT is extremely
prevalent (Pinton and Oswald, 2014) as well as ZEN (Wache et al. 2009; Burel
et al. 2013).

A major problem associated with animal feed contaminated with myco-
toxins is not acute disease, but rather the ingestion of low levels of toxins, which
may cause an array of metabolic, physiologic and immunologic disturbances
(Prodanov-Radulovi¢ et al. 2014; Waskiewicz et al. 2014). Consumption of fungal
toxins in swine as a species may decrease resistance to infectious diseases (Pro-
danov-Radulovi¢ et al. 2011; Prodanov-Radulovi¢ et al. 2014). Also, chronic ex-
posure can lead to anorexia, reduced weight gain, as well as nutritional efficiency
and neuroendocrine changes (Pestka, 2007; Prodanov-Radulovi¢ et al. 2013).
The aim of this paper was to present the field observations of clinical and
pathological consequences on the swine health, in the cases when Fusarium
mycotoxins were detected in complete swine feed mixtures.

MATERIAL AND METHODS

The material for research included the samples from swine farms located
in the region of Vojvodina, where health disorders i.e. clinical and gross patho-
logical signs resembling the problems with permanent intestinal infectious
diseases in different swine categories were detected. The applied research methods
included: epidemiological and clinical evaluation, gross pathology examination
and laboratory testing. The following details were determined by inspecting farm
records: number and category of pigs, type of production (farrow-to-finish, fat-
tening farm), disease status, current veterinary health plan (vaccination, med-
ication). The clinical inspection of live animals was followed by the necropsy
of dead pigs for gross pathological diagnosis and tissue sampling for further
bacteriological testing. Isolation of bacteria from tissue samples deriving from
dead pigs was performed by standard aerobic and microaerophilic cultivation
(Quinn et al. 2011). Beside this, the molecular diagnostic method, a multiplex
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RT-PCR for detection of Brachyspira hyodisenteriae and Lawsonia intracel-
ullaris (DNA extracted from feces) (La et al. 2006) was applied. The presence
of deoxynivalenol (DON), T-2 toxin, and ZEA in thirteen complete swine feed
mixtures were analyzed by enzyme-linked immunosorbent assay methods,
using Ridascreen® FAST DON (Art. No. R5901), Ridascreen® FAST T2
(Art. No. R5302), and Ridascreen®FAST Zearalenon (Art. No. R5502) test kits
(R-Biopharm, Germany).

RESULTS AND DISCUSSION

The first examined farm represents the modern commercial, farrow-to-
-finish production system with the following production capacity: 750 sows, 7
boars, 120 growing gilts, 290 breeding gilts, 1,260 suckling piglets, 4,550
weaned piglets and 6,030 fatteners. The farm organizes its own veterinary
services, and swine health control program includes vaccination according to the
Law Regulations (Classical Swine Fever) and against most frequently diagnosed
diseases in the region (Porcine parvovirus, Mycoplasma hyopneumoniae, Cir-
covirus — PCV2, Erysipelas) and vaccination against Clostridium perfringens
and Escherichia coli. The last mentioned vaccination of dams is applied twice
during late gestation (30—42 and 15-20 days prior to farrowing date) with the
aim to prevent enteric disease in piglets in the first days of life. In the case of
disease outbreak, the affected categories are therapeutically treated with anti-
microbials (parenteral injection for clinically diseased animals and water and/
or feed medication for in-contacts). Recently, the following health disturbances
in the female breeding categories in the farm were registered: different levels
of decreased feed consumption and lethargy in sows and gilts, while in some
animals even complete feed refusal was notified (anorexia). Vomiting in sows
was also detected. Clinically, the diarrhea in weaned piglets around weaning
(28-32 day of age) was notified. However, therapeutic treatment of piglets by
antimicrobials did not improve health problems. The gross pathological ex-
amination of the dead weaned piglets revealed lesions predominantly in the
digestive tract (Haemorrhagiae mucosae ventriculi, Gastritis ulcerosa multi-
plex, Enteritis catharralis acuta et haemorrhagica). By bacteriological testing of
tissue samples deriving from dead animals the following bacteria were detected:
E. coli, E. coli haemolytica, Cl. perfringens, and Salmonella typhimurium.
Microbiological testing of complete feed mixture for piglets (Grover) revealed
significant increase in the number of fungi genera Fusarium (200,000 CFU/g),
as compared to the level set by the regulation (<50,000 CFU/g) (Official Gazette
RS, 2010). Applying further laboratory testing of complete mixtures for breeding
categories, the presence of DON in the feed for pregnant and lactating sows was
detected. Additionally, in complete feed mixtures for weaned piglets (body weight
15-25 kg) the presence of elevated values of ZEA and DON was discovered
(Table 1).
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Table 1. The results of mycotoxicological testing of swine feed samples from four examined

farms
. Complete feed mixture Detected level of investigated Reference value
Swine Farm for category: mycotoxins (ug/kg) (ng/kg)*

DON 3,890 <900
Lactating sows ZEA 282.90 <500

T-2 <33 /
DON 3,140 <900

Number 1 Pregnant gilts and sows T2 =33 /
ZEA 500.13 <500
W, dvielet DON 4,249 <900

eaned piglets

(1525 ke body weight) ZEA ~400 =200

T2 <33 /
DON 2,940 <900

Number 2 Fatteners T-2 <33 /
ZEA 197.01 <500
DON 4,240 <900
Number 3 Fatteners ZEA 28701 23500
Weaned piglets DON 2,000 =900

(20-30 kI; %ody weight) 12 36.99 /
ZEA > 400 <200
Weaned piglets DON 3,620 =900

(20-30 kg body weight) 12 =33 /
ZEA > 400 <200
DON 1,770 <900

Breeding animals T-2 <33 /
(30—60 kg body weight) ZEA > 400 <200
Breeding animals DON 2,500 =900

(60-100 ke body weight 12 4118 /
Number 4 ZEA 500.23 <500
DON 4,340 <900

Fatteners T-2 <33 /
ZEA 551.84 <500
DON 3,890 <900

Fatteners T-2 <33 /
ZEA 628.27 <500
DON 2,590 <900

Lactating sows T-2 <33 /
ZEA 442.52 <500
DON > 6,000 <900

Pregnant sows T-2 37.56 /
ZEA > 800 <500

* maximum permissible level according to Serbian regulations (Official Gazette RS, 2014)
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In the second and third evaluated swine farms, the presence of DON in
the feed for fatteners was detected (Table 1). These two farms represent one-
site production system (fatteners) and have the capacity of 2,000-3,000 animals.
Anamnestically and clinically, the health problems included increased inci-
dence of gastrointestinal diseases. Analyzing the available data on the farms,
the high incidence of morbidity in fatteners was noticed (intermittent diarrhea),
which did not decrease after medical treatment. Therapeutic treatment of the
diseased animals was intensive and multiple (antibiotics were given through
feed, water and in some cases, parenterally). Clinically, the bloody diarrhea
and perineal staining in most of the fatteners was notified. In some cases, the
diarrhea was greyish black, with blood and mucus flecks. A reduced feed
consumption, loss of weight and insufficient weight gain were also present.
Therapeutic treatment with antibiotics only temporarily improved health prob-
lems. On post-mortem examination, all dead pigs were in poor condition.
Applying gross pathological examination on the dead fatteners, the prominent
changes on the digestive tract (Gastroenteritis haemorrhagica, Typhlocolitis
haemorrhagica, Ulcus oesophagogastricum) were detected. The large bowel
was full of liquid feces and blood. The surface of mucosa was diphtheric,
serosal, dark purple and edematous. In some cases, the mucosal proliferation
causing erosions in the ileum was discovered. Some animals died suddenly
because of blood clot in the lumen of the large intestine. By bacteriological
testing from the tissue samples deriving from the dead fatteners, only E. coli
and E. coli haemolytica were isolated. However, applying molecular diagnos-
tic method (multiplex RT-PCR) on the fecal samples derived from finishers,
B. hyodisenteriae and L. intracelullaris were detected.

The last examined farm represents the commercial swine farm, with one-
site production system (farrow-to-finish), located in the South Backa District
in Vojvodina. At the time of examination, farm had the following production
capacity: 1,250 sows, 25 boars, 205 breeding gilts, 2,365 suckling piglets, 6,073
weaned piglets, and 5,150 fatteners. The farm organizes its own veterinary
services and swine health control program includes vaccination against the same
diseases as first presented farm. In the case of health disturbance, the animals
are therapeutically treated (when necessary parenteral injections, but mostly
in-feed and in-water medication are applied). By clinical examination, in neonatal
piglets the clinical signs of vulvovaginitis and diarrhea almost immediately
after farrowing (first days of life) were detected. Applying gross pathological
examination of dead suckling piglets, prominent lesions predominantly in the
upper part of digestive tract were discovered (Gastritis ulcerosa multiplex,
Haemorrhagiae mucosae ventriculi, Enteritis haemorrhagica). By bacterio-
logical testing, only E. coli and E. coli haemolytica were detected. Similarly,
enteric infections and alteration of growth performance were notified in wean-
ers and a number of fatteners. In breeding swine categories, reduced feed
consumption, sometimes distinct feed refusal and vomiting were periodically
observed. In all examined samples of complete feed mixtures for different
swine categories the concentration of DON and ZEA exceeded the maximum
permitted levels (Table 1). According to Serbian Regulation (Official Gazette RS,
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2014), there is no maximum permitted level for T2 toxin. Indicative levels for
the sum of T-2 and HT-2 in compound feed according to Commission recom-
mendation of 27 March 2013 on the presence of T-2 and HT-2 toxin in cereals
and cereal products (EC, 2013) is 250 pg/kg.

The results of examined complete mixture samples showed that the ex-
posure of pigs to DON and ZEN occurred at different levels. A research inves-
tigating the influence of mycotoxins on the animal susceptibility to infectious
diseases focuses mainly on exposure to single major mycotoxins. However,
limited information is available on the interaction between low levels of my-
cotoxins and causative agents of swine infectious diseases (Osweiler, 2006;
Prodanov-Radulovi¢ et al. 2011). The continuous intake of small amounts of
mycotoxins can lead to chronic intoxication which is clinically characterized
by the loss of weight, insufficient weight gain and increased susceptibility for
infectious diseases (Wache et al. 2009; Prodanov-Radulovic et al. 2014). The
reduction in weight gain as a consequence of reduced feed consumption is
strongly associated with the exposure of farm animals to DON, with pigs being
one of the most sensitive species (Piotrowska et al. 2014; Weaver et al. 2013).
Congestion and erosions of the gastric and intestinal mucosae have been described
following chronic DON exposure in pigs. However, reporting of intestinal lesions
has been inconsistent and not systematically correlated with the clinical signs
(Greinier and Applegate, 2013; Pinton and Oswald, 2014). The intestinal mucosa
is the first biological barrier encountered by natural toxins, and consequently,
it could be exposed to high amounts of dietary toxins. The mycotoxins may
induce intestinal pathologies, including necrosis of the intestinal epithelium.
They also disturb the barrier function, potentially leading to the increased trans-
location of pathogens and an increased susceptibility to enteric infectious diseases
(Pinton and Oswald, 2014). Unfortunately, the toxicity of combinations of
mycotoxins cannot always be predicted based upon their individual toxicities
(Wache et al. 2009; Burel et al. 2013). Clinically observed vulvovaginitis (swelling
and reddening of the vulva) in newborn piglets is a consequence of the presence
of an oestrogenic mycotoxin (ZEA), produced by Fusarium fungus (Osweiler,
2006; Jackson and Crackcroft, 2007). It is characteristic that the clinical signs
appear within a few days of pigs being exposed to the mycotoxin and disappear
within a few days of the toxin being absent from the food (Jackson and Cock-
croft, 2007). Female piglets on the sow are most frequently affected: toxins
pass into the milk and hence to suckling piglets (McOrist, 2014). This condition
is called the perinatal hyperestrogenic syndrome and represents the conse-
quence of ZEA presence in feed for pregnant sows and its excreted metabolite
in their milk (Prodanov-Radulovi¢ et al. 2011; Prodanov-Radulovi¢ et al. 2013).

During the last decade, the occurrence of mycotoxins in feed materials
increased, and this may be a result of changes in agricultural practice but also
the consequence of climate changes (Stojanov et al. 2013; Weaver et al. 2013).
Most of the known mycotoxins have a short biological half-life and do not ac-
cumulate in animal tissues. They are, therefore, not a hazard for consumers of
pig meat (McOrist, 2014). Our results are in agreement with other studies, showing
a transient strong effect of DON on feed intake in pigs and occurrence of clinical
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signs of gastrointestinal disturbances (vomiting, anorexia, diarrhea) (Greiner
and Applegate, 2013; Wache et al. 2009). In the investigated swine farms, we
noticed the presence of various persistent infections of intestinal tract of dif-
ferent etiology (enterotoxicosis, salmonellosis, swine dysentery, proliferative
ileitis), which react poorly or do not react to the applied antimicrobial therapy.

CONCLUSION

In the investigated swine farms, the existence of possible positive interac-
tions between Fusarium mycotoxins and causative agents of intestinal swine
diseases may be suggested. A more comprehensive research is needed to un-
derstand the impact of mycotoxin combinations and to determine when syn-
ergistic interactions occur.
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YTULAJ PABJIMYUTUX MUKOTOKCHMHA HA 3/IPABJLE CBUA —
3AITAXKABA C TEPEHA
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PE3UME: MUKOTOKCHHU Cy CTPYKTYPHO Pa3IMIUTH METa0OIUTH TLIIECHU KOJU
MOT'y Jia KOHTAMHHHPA]y KOMIIOHEHTE KOje C€ KOPUCTE Y UCXPAHH )KUBOTH A U JbYTH.
uss pasa OWo je 1a ce MpUKaXy TePeHCKA 3anaXkaba KIMHUYKUX U MATOJIONIKUX TI0-
CIIETHIIA TTO 3/[paBJhE CBUIHA Y CITydajeBUMa Kajia ¢y Fusarium MIKOTOKCHHH yTBpheHH
y XpaHH 32 OBy BpCcTy. Marepujan 3a HICIUTHBAKE je 00yXBaTao y30pKe MOPEKIOM C
¢dapmu cBUba y BojBoanHu, Ha KOjUMa Cy pEeriucTpOBaHU 3IPaBCTBEHH MPOOIEMHU
WHTECTUHAIHOT TPaKTa KOJ pa3IMYUTHX KaTteropuja. [[puMemeHe MeToie HCITUTHBAbA
cy oOyxBaTaJie: enmu300THOJIONIKA U KIMHUYKA HCITUTHBAbha, MAKPOIaTOMOP(HOIOIKH
Iperyie yTuHyNIUX jeqUHKH, OaKTepHOJIOIIKO U MOJIEKYJIapHO HCIIMTUBAKE Y30paKa
opraHa v TKMBa IIOPEKJIOM 01 000JIeTINX, YTUHYINX jJeANHKA U MUKPOOHOJIOIIKO UCITH-
TUBaE XpaHe Y LIUJbY KOHTPOJIe IPUCYCTBa IulecHH. [IprcycTBO 1eoKCHHUBaJIEHOIA,
T-2 ToKcHHA U 3eapajleHOHa je UCIIUTUBAHO y 14 y30paka pa3iu4uTUX KOMILICTHUX
cMela 3a CBUibe TpuMeHoM nmyHoen3umMcke Texuuke (Ridascreen® FAST DON, Rida-
screen®FAST T2, Ridascreen®FAST Zearalenon, R-Biopharm, Germany). Kimuanaknm
Y TIATOJIONIKUM TIPETJIe/IOM, KOJl pa3INYUTUX KaTeropuja CBUba, yTBph)eHe cy Jie3uje
JOMUHAHTHO Y JUTECTUBHOM TpakTy. [I[pobiieM yrnmopHUX eHTepaTHIX HHPEKIHja KOJI
IIpacajay Ha CHCH M IPOMEHE y TIOPacTy Cy 3a0eNeKeHe KO 3aTyIeHE IIpacaai i TOBJbC-
Huka. Kon ogpacnux kareropuja cBuma, yTBpheHa je ymameHa KOH3yMalija XpaHe,
MIOHEKa]] U3paXKEeHO 00ujame XpaHe u noppahame. Y CBUM HCIIUTAaHUM Y30pIIMa KOM-
MJIETHUX CMEIIa 32 Pa3JInYUTe KaTeroprje CBUba KOHIEHTpanrja MUKoTokcuHa DON
6una je Beha 0/ MAKCMMAITHO JI03BOJBCHUX BPETHOCTHU. Y UCHUTAHUM Y30pLIHMa XPaHE
yTBpHEHO je U MPUCYCTBO ApYTUX Fusarium MUKOTOKCHHA. [IOCTUrHYTH pe3yaTaTu
yKa3yjy Ha KOHTaMUHallMjy XpaHUBa C HUICKUM BPEIHOCTUMA Fusarium MUKOTOKCHHA
1 Ha 1bUXOBY MOI'yhy MO3UTHBHY MHTEPPEAKIM]Y C Y3pOUHHLIIMA OOJIECTH IPUCY THUM
Ha (apMamMa CBUBA.

KJbYYHE PEUU: 3apaBibe cBuma, Fusarium MAKOTOKCHHH, BojBognHa
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LABORATORY COMPETENCE EVALUATION
THROUGH PROFICIENCY TESTING —
MYCOTOXINS IN FOOD

ABSTRACT: Laboratory for analysis of mycotoxins in food at the Institute of Public
Health of Vojvodina (Novi Sad, Serbia) participated in 15 proficiency testing schemes in
period 2012-2016, comprising 22 determinations of regulated mycotoxins: aflatoxins B1,
B2, G1, G2 and M1, ochratoxin A, deoxynivalenone, zearalenone, fumonisins and patulin,
in different food commodities: wheat, corn, barley, breakfast cereals, infant food, milk, wine
and fruit juice. Analyses were carried out by high performance liquid chromatography with
ultraviolet (patulin, deoxynivalenol) or fluorescence detection (aflatoxin M1, ochratoxin A,
zearalenone) using o-phthalaldehyde precolumn derivatization (fumonisins) or UV postcolumn
derivatization (aflatoxins B1, B2, G1, G2), following clean-up on immunoaffinity columns
with specific antibodies, except in case of patulin when solvent extraction and solid-phase
C-18 clean-up were used. Laboratory performance assessed in terms of z scores showed all
satisfactory results. In depth evaluation revealed following distribution of z scores (absolute
values): 59.1% up to 0.5, 36.4% between 0.5 and 1.0, and 4.5% above 1.0. Analysis of trends
performed for multiple determinations of individual mycotoxins showed several changes of
z score to better or worse rank. Overall assessment of the performance in proficiency testing
demonstrated laboratory competence for analysis of mycotoxins in food.

KEYWORDS: quality assurance, proficiency testing, food, mycotoxins

INTRODUCTION

Participation in proficiency testing (PT) is a powerful element of quality
assurance plan for the analytical laboratories, required for the ones seeking
recognition of competence through accreditation against the standard ISO/IEC
17025 (ISO, 2005). A laboratory needs to establish an appropriate PT strategy
considering relevance of PT schemes and frequency of participation. To achieve

* Corresponding author. E-mail: ljilja.torovic@mf.uns.ac.rs
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that, a laboratory has to collect comprehensive information on the availability and
scope of PT schemes in the areas of its work. A number of key principles need
to be considered: PT scheme should resemble the laboratory’s routine samples,
analytes and concentration levels; PT items should be treated as routine samples;
evaluation of the results should take into account the measurement uncer-
tainty; unsatisfactory or repeated questionable results must be subjected to
thorough root cause investigation followed by corrective actions; analysis of
trends over several PT rounds should be performed and interpreted in order to
improve the performance (Eurachem, 2011). PT schemes have to be organized
according to principles defined in standard ISO/IEC 17043 (ISO, 2010). A
laboratory should understand the basic statistics and performance scoring used
by the PT providers.

In a laboratory monitoring chemical food safety, analyses need to be car-
ried out to investigate occurrence of numerous chemicals in wide variety of
food commodities. Implementation of public health protection policies in many
countries led to regulation of the maximum level of chemicals in food with
potential adverse health effects. Serbian legislation regarding this issue (Ministry
of agriculture, 2014) is harmonized with the European Union regulation (Euro-
pean Commission, 2006). Selection of contaminants, based on the severity of
potential health effects and the extent of exposure through food, included several
mycotoxins: patulin (PAT), aflatoxins (AFs), ochratoxin A (OTA), zearalenone
(ZEA), deoxynivalenol (DON) and fumonisins (FUM). Mycotoxins are naturally
occurring toxic substances, secondary metabolites of filamentous fungi.

Patulin production is connected to the fungi belonging to Penicillium,
Aspergillus and Bysochlamys species, growing on fruits, especially apple. Apple
juice is considered a major source of patulin in human diet. Toxicological profile
of patulin could be briefly summarized by provisional maximum tolerable
daily intake (PMTDI) of 0.4 ng/kg bw/day (JECFA, 1995) and International
Association for Research on Cancer (IARC) classification in group 3 (not clas-
sifiable as to its carcinogenicity to humans) (IARC, 1986).

Aflatoxins are secondary metabolites of the fungi Aspergillus flavus and
A. parasiticus, and less frequently other Aspergillus species. AFs are prevalent
in food crops, particularly corn, peanuts (groundnuts), oilseeds and tree nuts. AFM1
is hydroxylated metabolite of AFBI, excreted in milk. AFBI, the most toxic
aflatoxin, is extremely potent carcinogen (IARC group 1) (IARC, 2012) and
therefore a health based guidance value has not been established. AFM1 is
classified in IARC group 2B (IARC, 1993).

Ochratoxin A is produced by the fungi representing Aspergillus and Peni-
cillium genera. It is most often found in cereals, grape and wine. OTA exhibits
renal toxicity. Tolerable weekly intake is 120 ng/kg bw (European Food Safety
Authority, 2006); IARC group 2B (potential carcinogen to humans) (IARC, 1993).

Zearalenone is biosynthesized by a large range of Fusarium fungi on cereal
crops, especially corn. The critical effects result from its estrogenic activity lead-
ing to hyperestrogenism. Tolerable daily intake is 0.25 pg/kg bw (European
Food Safety Authority, 2011); IARC group 3 (IARC, 1993).
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Deoxynivalenol is type B trichotecene primarily associated with Fusarium
graminearum fungi. It co-occurs in cereal-based food together with its acetylated
derivates. The primary toxic effect is inhibition of protein synthesis. PMTDI
1 ng/kg bw DON and its acetylated derivatives (3-Ac-DON and 15-Ac-DON)
(JECFA, 2011); IARC group 3 (IARC, 1993).

Fumonisins are a group of structurally related mycotoxins primarily pro-
duced by Fusarium verticillioides and Fusarium proliferatum. Fumonisin Bl
(FB1) and B2 (FB2) are the most abundant and often found as contaminants
in corn products. FBI1 is the most toxic fumonisin, related to an inhibition of
sphingolipid synthesis and increased risk of esophageal cancer in humans.
PMTDI 2 pg/kg bw (FBI, FB2 and FB3, independently or combined) (JECFA,
2002); IARC group 2B (IARC, 2002).

The reliability of routine analyses of chemical contaminants in food, re-
flected in laboratory PT performance, is of paramount importance for food
safety evaluation, as well as for health risk characterization taking into account
that population exposure assessments are based on the contaminants occurrence
data. With regard to that, this report presents technical performance of the
Institute of Public Health of Vojvodina — Laboratory for analysis of organic
contaminants, in PT schemes for analysis of mycotoxins in food.

MATERIAL AND METHODS

Standard solutions and reagents: Standard solutions of PAT and AFM1
were obtained from Supelco (Bellefonte, PA, USA), whereas standard solutions
of AFs, OTA, ZEA, DON and FUM were from LCG Standards (Wesel, Germany).
Solvents (ethylacetate, hexane, acetonitrile, methanol) were purchased from
LGC Promochem (Wesel, Germany); acetic and hydrochloric acid from Carl
Roth (Karlsruhe, Germany). Ultrapure water was produced by GenPure Water
Purification System (Thermo Scientific, Thermoelectron LED, Langenselbold,
Germany).

Samples: The Laboratory ordered 15 PT samples over four years (2012-
2016). The PT providers, Fera Science (FAPAS — Food Analysis Performance
Assessment Scheme, UK) and Romer Labs (Austria), distributed homogeneous
and stable PT samples for analysis (details provided in Table 1 in Results and
discussion session).

Sample preparation: Analyses were carried out by single analyte methods.
Each mycotoxin was extracted from the food matrix and purified using immu-
noaffinity columns with specific antibodies (LCTech, Dorfen, Germany / Vicam,
Waters, US) following producers’ instructions. The exception was PAT, for
which solvent extraction and solid-phase C-18 (Supelco, Bellefonte, PA, US)
clean-up were used, according to Arranz et al. (2005).

HPLC analysis: Analyses were performed on Agilent Series 1100 HPLC
system (Agilent Technologies, Wilmington, DE, USA) consisting of degasser
(G1322A), quaternary pump (G1311A), autosampler (G1329A), thermostated
column compartment (G1316A), UV detector (G1314A), fluorescence detector
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(G1321A), and a photochemical post column derivatizer UV 254 (LCTech,
Dorfen, Germany). Separations were achieved on a reverse phase analytical
columns Zorbax SB-C18 (5 pm, 4.6x250 mm; Agilent Technologies, USA)
(PAT, AFMI, OTA, DON) and Eclipse XDB-CI18 (5 um, 4.6x150 mm; Agilent
Technologies, USA) (AFs, ZEA, FUM). Mobile phases were as follows:
water:acetonitrile:perchloric acid (99:4:0.1, 1 ml/min) (PAT); water:methanol:
acetonitrile (6:3:1.5, 1.2 ml/min) (AFs); water:acetonitrile (3:1, gradient A:B
25%—70%, 1ml/min) (AFMI); acetonitrile:2%aq.acetic acid (3:2, 1 ml/min)
(OTA); acetonitrile:water (53:47, 1 ml/min) (ZEA); methanol:water:acetic acid
(A 15:85:0.1, B 1:1:0, gradient A:B 100%—0%, 1ml/min) (DON); water:aceto-
nitrile:acetic acid (A 30:69:1, B 60:39:1, gradient A:B 3:2—0:1, 1ml/min)
(FUM). Mycotoxins were detected by ultraviolet (PAT 276nm, DON 220nm)
or fluorescence detector (AFMI1 Aexc 365nm, Aem 435nm; OTA Aexc 333nm,
Aem 460nm; ZEA Aexc 275nm, Aem 448nm) using o-phthalaldehyde precolumn
derivatization (FBI1 and FB2 Aexc 335nm, Aem 440nm) or UV postcolumn
derivatization (AFs Aexc 365nm, Aem 430nm). According to the scheme prop-
ositions, all analytical results were corrected for recovery as determined by
the Laboratory in method validation studies.

Laboratory performance was assessed in terms of z scores, as given by
the proficiency test provider. The scores were interpreted in the following way:
|z|<2 “satisfactory”, 2<|z|<3 “questionable”, |z]>3 “unsatisfactory”.

RESULTS AND DISCUSSION

Food commodities and mycotoxins analyzed as proficiency test samples are
presented in Table 1, as well as PT providers and test codes. Performance of the
Laboratory in proficiency testing is presented in Table 2, including data on my-
cotoxin level assigned by the PT provider, Laboratory result and obtained z scores.

Table 1. Proficiency tests — mycotoxins in food, performed over 2012-2016

PT title (PT sample) Reference (Provider, year/test code)
Patulin in apple juice FAPAS, 2012/1647; 2016/1656
Mycotoxin contamination in infant food FAPAS, 2012/04199

Aflatoxins in corn Romer Labs, 2015/M15421A; 2016/ M16411A
Aflatoxin M1 in milk FAPAS, 2013/04224

Ochratoxin A in wine FAPAS, 2013/17117

Ochratoxin A in barley flour FAPAS, 2016/17163
Deoxynivalenol in breakfast cereals FAPAS, 2014/22107
Deoxynivalenol in wheat Romer Labs, 2014/ M14161D
Deoxynivalenol in corn Romer Labs, 2016/16161D
Zearalenone in breakfast cereals FAPAS, 2014/22106

Zearalenone in wheat Romer labs, 2014/ M14421Z
Fumonisins in maize flour FAPAS, 2013/2297; 2016/22133
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Laboratory performance assessed in terms of z scores showed all satisfac-
tory results. In depth evaluation revealed following distribution of z scores
(absolute values): 13 (59.1%) up to 0.5, 8 (36.4%) between 0.5 and 1.0, 1 (4.5%)
above 1.0. Analysis of trends performed for multiple determinations of individual
mycotoxins showed several changes of z score to better or worse rank: PAT
improved, AFBI1 and DON improved and worsened, FUM slightly worsened.
PAT and FUM were analyzed in the same type of food commodity, as well as AFs
in last two PT rounds, while in case of other mycotoxins it should be noticed
that different food commodities could have substantial influence on labora-
tory performance. Longer time periods and substantial financial resources are
needed to obtain enough data to enable analysis of trends over several PT
rounds. However, the Laboratory successfully fulfilled the requirements for
the four year accreditation cycle according to the rules of Accreditation body
of Serbia (2014). Analytical methods for determination of all legally regulated
mycotoxins in selected food commodities are in the scope of accreditation of
the Laboratory.

Table 2. Performance of the Laboratory in proficiency testing — mycotoxins in food

Mycotoxin Food commodities and results
PAT Apple juice Apple juice
Assigned / Lab® 39.3/46.2 45.7/48.8
z score 0.8 0.3
AFs Infant food Corn® Corn®

AFBI AFB2 AFBI AFB2 AFBI AFB2
Assigned /Lab® | 0.12/0.10 | n.p./<LOD | 6.0/6.2 0.37/04 | 6.58/5.27 | 0.72/0.64
z score -0.7 — 0.1 0.3 -0.9 -0.5
AFMI1 Milk powder
Assigned / Lab* 0.181/0.172
z score -0.2
OTA Infant food Wine Barley flour
Assigned / Lab® 0.39/0.40 1.94/2.3 3.02/2.95
z score 0.1 0.8 -0.1
ZEA Breakfast cereals Wheat
Assigned / Lab® 99.6 / 88.8 119/125.8
z score -0.5 0.3
DON Breakfast cereals Wheat Corn
Assigned / Lab® 764 /934 915/955 824.73 /907
z score 1.3 0.3 0.6
FUM Maize flour Maize flour

FBI1 FB2 FBI1+FB2 FBI1 FB2 FBI1+FB2

Assigned /Lab® | 765/618 | 350/359 | 1123/977 | 731/826 | 144/132 | 874/958
z score -0.8 0.1 -0.5 0.8 -0.4 0.6
d results in pg/kg.

® AFGI1 and AFG2 were not present in test material and not found by laboratory
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One of the main objectives of a PT scheme is to help the laboratory to
assess the accuracy of its measurements. With regard to this criterion, perfor-
mance of the Laboratory was also fit for purpose: PAT 107-118%, AFB1 80-103%,
AFB2 89-108%, AFM1 95%, OTA 98-119%, ZEA 89-106%, DON 104—-122%,
FB1 81-113%, FB2 92-103%, FBI+FB2 87-110%.

CONCLUSION

Participation in PT plays a highly valuable role providing an objective
evidence of the competence of a laboratory. It is worth noticing that, apart from
analytical laboratory, customers of laboratory services, accreditation bodies
and regulatory authorities also have an interest in PT schemes as a means to
independently monitor the validity of measurements.
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OLEHA KOMIIETEHTHOCTHU JIABOPATOPUJE KPO3 TECTUPAIE
OCIIOCOBJBEHOCTU — MUKOTOKCHUHUN V XPAHU

Jbusa JI. TOPOBU'R'2

' Vuusepsuter y HoBom Cajty, MenuuHcku hakyirer,
JemaptMmaHn 3a Gapmanujy,
Xa_]I[YK Bespkosa 3, Hosu Can 21000, Perry6nuka Cpouja
I/IHCTHTyT 3a jaBHO 31paBJbe BojBonune,
Oyromxka 121, Hoeu Cax 21000, Pemmy6nuka Cpouja

PE3MME: JlaGopaTopuja 3a aHaI1M3y MUKOTOKCHHA Y XpaHu MHCTUTYyTa 3a jaBHO
3npasibe Bojsonune (HoBu Can, CpOuja) yuecTBoBasa je y 15 mema 3a TecTuparme OCrio-
cobsperocTH y ieprony o 2012. no 2016. rogure, Koje cy o0yxBartuie 22 ogpehuBama
3aKOHOM peryJrcaHnX MUKoToKcrHa: admarokcuau bl, b2, I'l, I'2 u M1, oxpatokcun A,
JICOKCHHUBAJICHOI, 3¢apaJicHOH, ()YMOHU3HHH H MATYJIHH, y Pa3IHYUTHM HAMHPHHIIA-
Ma: IIIEeHUIA, KyKypy3, dKUTapUIe 3a I0pydaK, XpaHa 3a 0/10j4a 1, MJIEKO, BAHO 1 BOhHU
cok. AHanu3e cy ypalheHe MeTooM TeuHe XpoMaTorpaduje BUCOKUX nepdopmaHcu ¢
yInTpasjbyOnvacToM (IaTyauH, AEOKCHHUBAICHOI) UITU (DI1yOpPECIEHTHOM AETEKIIHjOM
(anmaroxcun M1, oxpaTokcuH A, 3eapaliecHOH) KOpUIThelmeM MPEKOJIOHCKE JIEPUBATH-
3anmje ¢ o-Qprananaexuiom (GyMOHU3MHU) HITK YIITPasbyOndacTe MoCcTKOJIOHCKE JIepH-
Barusauuje (apnarokennu b1, b2, I'l, I'2), Hakon npeuninhasatba IpUMEHOM HMYHO-
apuHUTETHE xpOMaTorpa(pHJe ca CHe]_II/I(i)I/IIIHI/IM AQHTUTEINMAa, U3y3€B y Clly4ajy naTy-
JIMHa, 32 YKje ofpehuBabe je IPUMCHEeHA eKCTPAKLMja pacTBapadeM U npedniihaBambe
Ha yBpcTOj (hazu (C18). YumHak maboparopuje OleHheH je Ha OCHOBY TIOCTUTHYTHX Z CKO-
poBa, IpH YeMy Cy CBH pe3yJsiTaTu Ouiu 3a70BosbaBajyhu. /leTaspHuja ananmsa moxa-
3aia je cnenehy pacnonmeny z ckoposa: 59,1% no BpenHoctu ox 0,5; 36,4% u3mely 0,5
u 1,0; 4,5% u3nan 1,0 (kao anconyTHe BpeAHOCTH). 3a BUIIeCTpyKa ojapehuBama mnoje-
JUHAYHUX MUKOTOKCHHA aHAJM3UPAH j€ TPEH]I, IIPH YeMY je YOUCHO HEKOJIUKO TPO-
MEHa paHKa z cKopa Ka 00JbeM WIIH JIoIHjeM. YuelheM y TeCTHpamy 0CliOCO0JbEHOCTH
nabopaTopHja je NOTBpAUIIa KOMIIETEHTHOCT 3a aHAIM3Y MUKOTOKCHHA Y XPaHH.

KJbYYHE PEUU: ocurypame KBaIUTeTa, TECTUPAE OCIOCOOJbEHOCTH, XpaHa,
MHUKOTOKCHHH
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DETERMINATION OF MULTIPLE MYCOTOXINS
IN MAIZE USING QuEChERS SAMPLE PREPARATION
AND LC-MS/MS DETECTION

ABSTRACT: A reliable and easy method has been used for the multiple mycotoxins
determination of AFs, DON, ZEA and FBs in maize samples. Liquid chromatography cou-
pled mass spectrometry (LC-MS/MS) was used. Mycotoxins have been extracted from maize
using a QUEChERS-based extraction procedure. All validation parameters were in accord-
ance with Reg. (EC) No 401/2006. The analyses of eight maize seed samples showed the
AFs, DON, ZEA and FBs contamination with the values below the state limit standards.

KEYWORDS: AFs, DON, ZEA, FBs, QUEChERS, maize, LC-MS/MS

INTRODUCTION

Mycotoxins are toxic secondary metabolites that are naturally produced
by several species of fungi on agricultural products, particularly grain-based
products. Mycotoxins are chemically stable and cannot be destroyed during food
processing and heat treatment. Therefore, they may occur in the field, in raw
materials during storage and in processed foods (Bardsley and Oliver, 2014).
To date, approximately 400 compounds have been identified as mycotoxins such
as aflatoxins (AFs), ochratoxin A (OTA), fumonisins (FBs), nivalenol (NIV),
deoxynivalenol (DON), zearalenone (ZEA), T-2 toxin (T-2), and HT-2 toxin
(HT-2) (Kim et al. 2017). Mycotoxins present a wide range of adverse effects

* Corresponding author. E-mail: bursicv@polj.uns.ac.rs
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on consumer health, including carcinogenic, mutagenic, estrogenic and immu-
nosuppressive effects (Serrano et al. 2015).

Monitoring and inspecting the contamination levels of mycotoxins in
foods and feeds has gained major national and international attention over the
years. (Comm. Reg. (EC) No 1881/2006, Directive 2002/32/EC, EFISC Code
4.4.3 Inspection, sampling and analysis).

The current mycotoxin extractions have comprised: a liquid-liquid extrac-
tion (LLE), supercritical fluid extraction (SFE); solid phase extraction (SPE),
pressure liquid extraction (PLE), matrix solid-phase dispersion (MSPD), ultra-
sound and homogenizing extraction with various mixtures of organic solvents
which are only some of the techniques in the stream of those which can be
applied in the extraction of mycotoxins from various matrices (Bursi¢ et al. 2013).
“Green Analytical Chemistry” is a rapidly developing trend that is rooted in
the desire to make chemical analyses environmentally friendlier (Breidbach,
2017). That is the reason why QuEChERS (Quick Easy Cheap Effective Rug-
ged Safe) is recognized as the most modern procedure of exraction and extract
purification (Cunha and Fernandes, 2010; Capriotti et al. 2012). QuUEChERS
has attracted increasing attention in the research field of mycotoxins due to its
simplicity and effectiveness for isolating mycotoxins from complex matrices,
but also it is an environment-friendly method.

Mycotoxins can be analyzed by various methods, including thin layer chro-
matography (TLC), enzyme-linked immunosorbent assay, gas chromatography,
and immunoaffinity column/high-performance liquid chromatography with
fluorescence and diode array detection (Sun et al. 2016). The use of LC coupled
to mass spectrometry (MS) for the confirmation of polar contaminants, such as
mycotoxins, has become common nowadays, in the systems designed for the
control of food quality (Vukovi¢ et al. 2016).

The analysis of mycotoxins is challenging due to the large number of com-
pounds to be detected and the wide physicochemical properties they possess.
In the paper, the QUEChERS extraction of AFs, FBs, DON and ZEA from maize
samples was used with the mycotoxins determination by LC-MS/MS.

MATERIAL AND METHOD

Analytical Standards Aflatoxins, zearalenone and deoxanivalenol stand-
ards of the highest possible purity were purchased from Sigma-Aldrich and
fumonisin standard (B1+B2) was purchased from R-Biopharm Rhone Ltd. The
individual solutions of the solid standards were prepared using appropriate
solvent solutions. A working standard solution containing all eight mycotoxins
was prepared by mixing appropriate volumes of the stock solutions in a 10 mL
volumetric flask and diluted to volume with methanol.

Sample Preparation Sample extraction: 1. Place 5 g of sample into a 50 mL
centrifuge tube. 2. Add 10 mL of water. 3. Vortex briefly and allow to hydrate
for at least 15 minutes. 4. Add 10 mL acetonitrile containing 2% acetic acid.
5. Vortex (5 min) samples for 30 minutes to extract mycotoxins. 6. Add 4g
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MgSO, and 1g NaCl. 7. Immediately vortex for 1 minute. 8. Centrifuge for 5 min
at 4,000 rpm. Sample cleanup: 1. Transfer 6 mL of supernatant to a dSPE tube
of 15 mL (containing 1,200 mg MgSQO,, 400 mg PSA and 400 mg C18). 2. Vortex
for 1 min. 3. Centrifuge for 5 min at 4,000 rpm. 4. Transfer 1 mL of supernatant
to a 5 mL test tube. 5. Evaporate the acetonitrile extract to dryness and recon-
stitute with 1 mL of mobile phase. 6. Filter the extract, using a 0.2 um syringe
filter, directly into an autosampler vial.

Preparation of matrix-matched calibration (MMC) A five-point ma-
trix-matched calibration curve was prepared using the sample extracts obtained
from blank samples. The blank extract was evaporated and reconstituted with
calibration standards in mobile phase so that final concentrations were 1.25, 2.5,
5.0, 10 and 20 ng/mL for AB1, AB2, AG1 and AG2; 150, 250, 500, 1,000 and
2,000 ng/mL for DON; 25, 50, 100, 200 and 400 ng/mL for ZEA; 150, 250, 500,
1,000 and 2,000 ng/mL for FBI and 43.75, 87.5, 175, 330 and 660 ng/mL for FB2.

Instrumentation and chromatographic conditions for LC-MS/MS LC
was performed with an Agilent 1200 HPLC system equipped with a G1379B
degasser, a G1312B binary pump, a G1367D autosampler and a G1316B column
oven (Agilent Technologies, USA). The chromatography separation was achieved
by Zorbax Ecllipse XDB C18 column (50 x 4.6 mm, 1.8 pm) (Agilent, USA)
maintained at 30 °C. The analytical separation was performed using methanol
as mobile phase A and water as mobile phase B, both containing 0.1% formic
acid with gradient mode. The flow rate was maintained at 0.4 mL/min. The
mass analysis was carried out with an Agilent 6410B Triple Quadrupole mass
spectrometer equipped with multi-mode ion source (MMI, Agilent Technolo-
gies, Palo Alto, CA, USA). The data acquisition and quantification were con-
ducted using MassHunter Workstation software B.04.01 (Agilent Technologies,
2010). The following ionization conditions were used: electrospray ionization
(+ESI) positive ion mode, drying gas (nitrogen) temperature 325 °C, vaporizer
220 °C, drying gas flow rate 5 L/min, nebulizer pressure 40 psi and capillary
voltage 2,500 V. The dwell time was 50 ms. External standard method was
used for the quantification of mycotoxins.

Validation parameters The method was validated according to Com-
mission Regulation (EC) No 401/2006.

The limit of detection — LOD was determined as the lowest concentration
giving a response of three times the average baseline. The ratio signal/noise
in the obtained chromatograms for the LOD was calculated by MassHunter
Qualitative Software.

The limit of detection — LOQ is estimated as the lowest spiking level (LL)
that allows reliable detection of all five replicates meeting the performance cri-
teria of RSD < 20% and mean recovery of 60—120% at both MRM transitions.

The linearity was checked using MMS at the concentrations of 1.25: 20
ng/mL for AFs, 150: 2,000 ng/mL for DON; 25: 400 ng/mL for ZEA; 150: 2,000
ng/mL for FBI and 43,75: 660 ng/mLfor FB2.

The recovery was checked by enriching a blank sample with the mixture of
mycotoxins, to get the final mass concentration of 5 and 10 pg/kg for AFs, 500 and
1,000 pg/kg for DON, 100 and 200 pg/kg for ZEA and 500 and 1,000 pg/kg for FBI1.
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The precision of the method in terms of repeatability (r) (intra-day preci-
sion) and reproducibility (R) (inter-day precision) was evaluated calculating
the relative standard deviation (%RSD) of spiked samples analyzed in five
replicates on the same and different days.

RESULTS AND DISCUSSION

For the quantification, the ion with the best signal sensitivity (Q) was
preferred and for the confirmation the second transition (q) and the ratio of
abundances between both ion transitions (Q/q) were used. The cone voltages
were selected according to the sensitivity of the precursor ions and the collision
energies were chosen to give the maximum intensity of the fragment ions
obtained. The product-ion spectra obtained on triple quadrupole instrument
generally provide fragments which are of diagnostic value for structural elu-
cidation and confirmation (Vukovi¢ et al. 2016). The MRM transitions of all
analyzed mycotoxins are given in Table 1.

Table 1. SRM transitions

Analyte T.R Pref:ursor Product CE1 Pyoduct CE2 Frag
(min) ion ion 1 (V) ion 2 V) (V)
AFBI1 10.39 313 241 35 269 35 100
AFB2 10.00 315 259 35 287 35 100
AFGl 9.68 329 243 35 311 35 100
AFG2 9.00 331 313 30 245 35 100
DON 7.38 297 203 15 267 8 70
FB1 11.56 722.5 352.3 40 3344 40 140
FB2 12.98 706.4 318.0 35 336.3 35 140
ZEN 13.63 319.2 283.3 10 185.4 25 100

The obtained validation parameters (LOD, LOQ, linearity (R?), recoveries
and precision (RSD)) are shown in Table 2.

Table 2. Validation parameters

Analyte LOQ (ng/kg) R? Recoveries (%) RSD (%)
AFBI 1.25 0.9923 126.3 3.56
AFB2 1.25 0.9953 64.5 24.7
AFGl1 1.25 0.9952 46.8 22.40
AFG2 1.25 0.9974 29.5 27.30
DON 150 0.9964 84.6 24.60

FBI1 150 0.9903 62.8 1.240
FB2 50 0.9961 58.2 17.00
ZEN 25 0.9981 94.7 25.90
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For the quantification of detected mycotoxins the matrix-matched calibration
(MMS) was used (Figure 1).

wio 2 *ESITICMRM (**->*) 20170117 kald.d
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Counts (%) vs. Acquisition Time (min)

Figure 1. Overlap MRM chromatograms of matrix match calibration of DON, AFs,
ZEN, and FBs.

Application of developed method on real samples The method was
applied for the analysis of eight maize samples. The detected mycotoxins were
DON, FBs and ZEN. The other mycotoxins (AFB1, AFB2, AFG1 and AFG2)
were not detected.

LC-MS/MS chromatogram of maize samples number seven containing
FB1 and FB2 mycotoxins are shown in Figure 2.
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Figure 2. LC-MS/MS chromatogram of maize containing FB1 and FB2

Counts () vs. Acquisition Time (min)

In contaminated maize samples the DON was within the concentration
ranging from 278.2 to 890.9 pg/kg, but the values are still below the state limit
standards. The contamination of ZEA was in the range from 25.8 to 91 pg/kg,
while the FBs were detected only in one sample with the concentration of FB1
of 754 ng/kg and FB2 of 215 pg/kg (Table 3).

Table 3. Distribution of mycotoxin contaminants in maize samples (ug/kg)

Sample
Analyte 1 2 3 4 5 6 7 8
AFBI <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ
AFB2 | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ
AFG1 <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ
AFG2 | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ
DON 778.8 890.9 <LOQ | <LOQ 384.9 <LOQ | <LOQ 278.2
FBI <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ 754.0 <LOQ
FB2 <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ 215.0 <LOQ
ZEN 91.0 78.5 <LOQ | <LOQ 54.0 <LOQ | <LOQ 25.8
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CONCLUSION

A modified QUEChERS was developed with the combination of LC-MS/
MS method for the quantitation of 8 common mycotoxins in maize. The de-
veloped method was applied for the determination of mycotoxins in 8 maize
samples collected from Serbian markets. A total of 5 maize samples (62%)
were contaminated with at least one of these mycotoxins. The results demon-
strated that the procedure was suitable for the determination of mycotoxins in
cereals and could be implemented for the routine analysis.
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OJPEBMBABE BUIIE MUKOTOKCHUHA Y KYKVYPVY3VY
QuEChERS [TPUITPEMOM Y30PKA U LC-MS/MS AETEKLIMJOM

lopuna Jb. BYKOBUR', Josana J. KOC?, Bojucnasa I1. BYPCUTR?,
Pagmusio P. YOJIOBU'R?, Bypo M. BYKMHUPOBUR?, Urop M. JAJUR?,
Cama 3. KPCTOBUR®

"MuctuTyT 32 jaBHo 3apaBibe Beorpana,
Bynesap necriota Credana 54 A, beorpan 11000, Pemmy6mmka CpOuja
> VuusepsuteT y Hosom Cany, Hayunu HHCTHTYT 3a mpexpamMOeHe TeXHOIOTHje,
B;/neBap napa Jlazapa 1, Hosu Can 21000, Perry6nuka Cpouja
YuusepsuteT y Hosom Cany, [lossonpuBpennu pakynrerT,
Tpr Hocuteja O6pamosuha 8, Hosu Canx 21000, Perryosinka Cpouja

PE3UME: [loy3nan u jexHOCTaBaH METOX KOpUITheH je mpruIuKoM onpehnBama
mukotokcnHa ADc, JIOH, 3EA u ®bc, y y3opunMa Kykypy3a. 3a AeTeKIUjy U KBAaHTHU-
¢duxanmjy je kopuiheHa TeyHa XpoMaTorpaduja ¢ TaHIEeM MACCHOM CIIEKTPOMETPHjOM
(LC-MS/MS). MEKOTOKCHHH Cy €KCTPaxOBaHH M3 KyKypy3a IPHUMEHOM MOCTYIIKa
QuEChERS exkcrpakuuje. CBu mapaMeTpH Baluaanmje cy y ckiany ca Perymatusom
EBporncke yHuje 6poj 401/2006. AHanu3upaHo je ocaM y30paka ceMeHa KyKypysa y
Kojuma cy caapxkaju aduarokcuna, JIOH, 3EA u pymonuszuna ounu ucrnon nedpuHuca-

HHX MAaKCUMAJTHUX TPaHUIIA.
KJbYYUYHE PEUU: Adc, JIOH, 3EA, ®Ms, QUEChERS, kykypy3, LC-MS/MS
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DATA ACQUISITION OF TRIPLE QUADRUPOLE LC/MS
FOR THE CITRININ DETERMINATION

ABSTRACT: The analysis of citrinin is challenging because it needs to be detected
in low concentrations in complex sample matrices. Before citrinin quantification, the data
acquisition of LC-MS/MS must be performed, which includes the determination of ion
monitoring reaction (SRM), finding fragmentation energies (Frag.) and collision cell energies
(CE) for which the response of citrinin will be the highest for the given conditions. The best
response of citrinin is obtained for Frag. of 66 V and CE of 17 and 29 V.

KEYWORDS: CIN, data acquisition, LC-MS/MS

INTRODUCTION

Mycotoxins are a group of natural contaminants in raw agricultural ma-
terials, foods, and feeds, mainly produced by filamentous fungi as a series of
secondary metabolites (Ji ez al. 2015). The most predominant mycotoxins are
the aflatoxins (AFs — AFBI1, AFG1, AFB2 and AFG2) produced by Aspergillus
species, ochratoxin A (OTA) produced by both Aspergillus and Penicillium
species, and toxins from Fusarium fungi, deoxynivalenol (DON), zearalenone
(ZON), T-2 and HT-2 toxins, and fumonisins (FBs — FB1 and FB2) (Skrbi¢ et al.
2011). To date, approximately 400 compounds have been identified as myco-
toxins (Kim et al. 2017), one of which is citrinin (CIN).

* Corresponding author. E-mail: bursicv@polj.uns.ac.rs
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Citrinin is a polyketide mycotoxin with the molecular formula C;3H;40s,
(IUPAC: (3R,4S5)-4,6-dihydro-8-hydroxy-3,4,5-trimethyl-6-ox0-3H-2-ben-
zopyran-7-carboxylic acid). Citrinin was first isolated as a pure compound
from a culture of Penicillium citrinum by Hetherington and Raistrick in 1931
(Flajs and Peraica, 2009). Ostry et al. (2013) tabulated the mold that can produce
this mycotoxin (Table 1), but Doughari (2015) indicated that out of main Asper-
gillus (A. niger, A. ostianus, A. fumigates, A. niveus, A. awamori, and A. para-
siticus) A. niger is the most potent producer of citrinin. CIN is formed after
harvest under storage conditions and it occurs in cereals and cereal products,
rice, apples, fruit juices, black olive, almonds, peanuts, hazelnuts, pistachio nuts,
sunflower seeds, spices (turmeric, coriander, fennel, black pepper, cardamom, and
cumin) and food supplements based on rice fermented with red microfungus
Monascus purpureus (Ostry et al. 2013). The strains of Monascus are tradition-
ally used in China to produce red and yellow pigments for food. Western
countries limit the use of synthetic food colorants due to their toxicity and
mutagenicity. The natural food pigments obtained from Monascus were good
candidates for their substitution because the reports on their toxic effects have
been scarce for more than 1,000 years (Flajs and Peraica, 2009). Compared
with other Monascus metabolites, CIN can be present in products in the range
of concentrations from 0.1 to 500 mg/kg (Li et al. 2012). The European Food
Safety Authority has also reported contamination of cheese by citrinin where
toxigenic strains directly grow in the cheese mass.

Table 1. Penicilium and Monascus species as citrinin producers

Genera Subgenus Series Species
Furcatum P. citrinum
. Penicilium Expansa P. expansum
Penicilium — ; -
Penicilium Carymbifera P. radicicola
Penicilium Verrucosa P. verrucosum
Monascus M. purpureus | Food supplement with fermented red rice
M. ruber Soya bean, sorgum, rice, oat

CIN is decomposed at 175 °C by dry heating, but decomposition tem-
perature decreases to 140 °C in the presence of a small amount of water. The
decomposition products obtained by heating CIN with water at 140 °C to 150 °C
are CIN HI and CIN H2 (Figure 1). CIN H2 shows no significant cytotoxicity,
while CIN H1 shows increased cytotoxicity as compared to the parent com-
pound (Doughari, 2015). Toxicity studies indicated that citrinin had cytotoxic,
genotoxic, mutagenic and immunotoxic effects on humans and animals, and
the most susceptible organ is kidney (Ji et al. 2015).

According to Commission Regulation (EC) 1881/2006, as amended by
Regulation (EU) 212/2014, the maximum level of 2,000 pg/kg of citrinin in
food supplements based on rice fermented with red yeast Monascus purpureus
was to be reviewed before 1 January 2016 in the light of information on the expo-
sure to citrinin from other foodstuffs and updated information on the toxicity
of citrinin in particular as regards carcinogenicity and genotoxicity.
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Figure 1. CIN decomposition products (Clark et al. 2006)

Thanks to the planar structure CIN has natural fluorescence, which indicates
its detection by high-performance liquid chromatography with fluorescent
detection (HPLC-FLD), but in recent years a rapid and sensitive liquid chroma-
tography tandem mass spectrometry (LC-MS/MS) has been used (Li et al. 2011).

The analysis of CIN is challenging because it needs to be detected in low
concentrations in complex sample matrices. Before CIN quantification, the
data acquisition of LC-MS/MS must be performed.

MATERIAL AND METHODS

Analytical Standards. Citrinin of the highest possible purity was pur-
chased from Biopure, Romer Labs as a solution of 100.4 pg/mL in acetonitrile.
Working standard solutions were in the concentration of 1.0 and 10 pg/mL in
acetonitrile.

Acquisition procedure. Before performing the calibration or quantification
of CIN it is necessary to establish the acquisition parameters of mass spectrom-
etry: to determine the reaction to ion monitoring (SRM), find fragmentation
energies (Frag.) and collision cell energies (CE) for which the response of the
studied mycotoxin will be the highest for set conditions. SRM was determined
using MassHunter Optimizer Software Version B03.01 (Agilent Technologies,
2010), as well as the data from scientific papers. Then, experimentally, the
needed optimum fragmentation energy and CE for each SRM were determined
by introducing the solution standard of CIN (1.0 pg/mL) into ion source. In the
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process, the chromatographic column from the system can, but not necessar-
ily, be removed. In case that MassHunter Optimizer does not detect SRM, the
precursor and product ion have to be detected gradually. CIN is recorded in
SCAN mode where the molecular ion is detected from mass spectre. Then,
based on the familiar molecular ion in Product Ion mode, by the application of
various fragmentations energy, the molecular ion is fragmented and based on
the obtained mass spectres the most intensive ions are found which are sup-
posed to be formed during the fragmentation. For each formed ion in the mode
Precursor Ion the source ion is confirmed. By combining these assumptions,
at least two SRMs for the given analyte are confirmed.

Instrumentation and chromatographic conditions for LC-MS/MS.
LC was performed with an Agilent 1200 HPLC system equipped with a G1379B
degasser, a G1312B binary pump, a G1367D autosampler, and a G1316B column
oven (Agilent Technologies, USA). Chromatography separation was achieved
by Zorbax Ecllipse XDB C18 column (50 x 4.6 mm, 1.8 pm) (Agilent, USA)
maintained at 30 °C. The analytical separation was performed using methanol
as mobile phase A, and water as mobile phase B, both containing 0.1% formic acid
with gradient mode (0 min —40% B, 10 min — 5% B, 15 min — 5% B, stop time
— 17 min, post time — 5 min). The flow rate was maintained at 0.5 mL/min. The
mass analysis was carried out with an Agilent 6410B Triple Quadrupole mass
spectrometer equipped with multi-mode ion source (MMI, Agilent Technolo-
gies, Palo Alto, CA, USA). The data acquisition and quantification were con-
ducted using MassHunter Workstation software B.06.00 (Agilent Technologies,
2012). The following ionization conditions were used: electrospray ionization
(+ESI) in positive ion mode, drying gas (nitrogen) at the temperature of 325 °C,
vaporizer at 200 °C, drying gas flow rate 5 L/min, nebulizer pressure of 40 psi
and capillary voltage of 2,500 V. The dwell time was 50 ms.

RESULTS AND DISCUSSION

The first adjustments implied the constant collision cell energy, with
various fragmentation energies (Table 2).

Table 2. Constant collision cell energy, with various fragmentation energies

Precursor  MSI Product  MS2 Frag CE Cell Acc.

Ton Res Ton Res Dywell V) V) Voltage Polarity
251.1 Wide 2333 Unit 50 100 17 7 Positive
251.1 Wide 2333 Unit 50 66 17 7 Positive
251.1 Wide 2333 Unit 50 50 17 7 Positive
251.1 Wide 2333 Unit 50 120 17 7 Positive

The effect of the fragmentation energy at the same collision energy values
is shown in Figure 2.
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Figure 2. The effect of various fragmentation energy at constant CE (15 V)

In the overlapped chromatogram (Figure 2b) it is shown that the change
of collision cell energy does not significantly effect the citrinin response. Still,
the best response is obtained at the collision cell energy of 66 V.

When the fragmentation energy is determined (in our case 66 V) for which
the signal is the most intensive, then the fragmentation energy is kept constant
and collision cell energy is changed (Table 3).

135



Table 3. Constant Frag. with the different CE

Precursor  MSI1 Product  MS2 Frag CE Cell Acc.

lon Res lon Res Dywell (V) (V) Voltage Polarity
251.1 Wide 2333 Unit 50 66 10 7 Positive
251.1 Wide 233.3 Unit 50 66 17 7 Positive
251.1 Wide 2333 Unit 50 66 25 7 Positive
251.1 Wide 233.3 Unit 50 66 40 7 Positive
251.1 Wide 233.3 Unit 50 66 5 7 Positive

At the constant Frag. energy of 66 V, by changing the collision energy
(Figure 3) the response of the signal of studied mycotoxin in the given condi-
tions was monitored.
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Figure 3. The effect of energy change in collision cell at the constant fragmentation
energy (Frag. of 66 V)

CE of 17 V gives the best CIN signal, followed by energy of 10 V. The
collision cell energy of 40 V gives the weakest citrinin response.

After SRM is established, it is necessary to find out the chromatographic
conditions for the best separation of the studied analytes. It is necessary to
emphasize that the total ion chromatogram (TIC) does not need to have a good
separation resolution, because SRM chromatograms, which contained only one
peak and are suitable for further quantitative analyses, are extracted from it.
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Table 4. SRM transitions

Precursor

MS1

Product MS2  Frag

CE

Cell Acc.

Compound Ton Res Ton Res (V) (V)  Voltage Polarity
Citrinin  ql 251.1 Wide 2052 Unit 66 29 7 Positive
Citrinin g2 251.1 Wide  191.1  Unit 66 29 7 Positive
Citrinin g3 251.1 Wide 91.3 Unit 66 40 7 Positive
Citrinin Q 251.1 Wide 2333  Unit 66 17 7 Positive

x10

x10

x10

x10

The molecular weight of citrinin is 250.25 g/mol, the identification of the
target mycotoxin through the selection of specific MRM transitions from 251.1
(used as qualification ion) to 233.3 (used as quantification ion) m/z was carried
out at the constant Frag. (66 V) and CE of 40, 25, 17, 10, and 5 V.
As the response, i.e. the peak area, is the largest at 17 V, the other CE
values are not taken into consideration (Figure 4).

4 |+ESITIC MRM Frag=66.0V CID@** (** -> **) 20170505_MF _cal0.5.d

3 +ESIMRM Frag=66.0V CID@40.0 (251.1000 -> 91.3000) 20170505_MF _cal0.5.d

1

3 +ESI MRM Frag=66.0V CID@29.0 (251.1000 -> 191.1000) 20170505_MF_cal0.5.d

1

i

0
3 +ESIMRM Frag=66.0V CID@29.0 (251.1000 -> 205.2000) 20170505_MF_cal0.5.d

0
4 +ESIMRM Frag=66.0V CID@17.0 (251.1000 -> 233.3000) 20170505_MF _cal0.5.d

Counts vs. Acquisition Time (min)
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Figure 4. MRM citrinin transitions

The mechanism of citirinin fragmentation was given in Figure 5 (Shu and

Lin, 2002).

| miz 250
0= Ii' Ii
.r-'"
mfz 220 m'z 5
{!II[
miz 177 miz 108 miz ¢l

Figure 5. Fragmentation pattern of citrinin
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CONCLUSION

Before doing the calibration or quantification of CIN it is necessary to
establish the acquisition parameters of mass spectrometry: to determine the
reaction to ion monitoring (SRM), find fragmentation energies (Frag.) and
collision cell energies (CE) at which the response of the studied mycotoxin will
be the highest for set conditions. The best response is obtained at the collision
cell energy of 66 V. Collision cell energies of 17 V give the best CIN signal.
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AKBU3NIIMOHU ITAPAMETPU TPOCTPYKOI
KBA/IPOITIOJIA LC/MS OAPEBUBAKBA LIUTPUHUHA

T'opuna Jb. BYKOBUTR!, Bojucnaga I1. BYPCAR?, T'opan A. AJIEKCUR?,
Crno6onan T. KY3AMAHOBUR®, Maranena 3. KAPA®,
Panua Axmen ABJ] EJI-BAXAPB’

"MuctuTyT 32 jaBHo 3apaBibe Beorpana,
Bynesap neciora Ctedana 54A, beorpan 11000, Penmy6imka CpOuja
> Vuusepsutet y Hosom Cany, [Tossonpuspennu daxyIirer,
Tpr Jocuteja O6pamosuha 8, Hosu Can 21000, Pery6nuka Cp6uja
WHCTUTYT 3a 3aIITUTY OMJba U )KUBOTHY CPEAUHY,
Teomopa [pajzepa 9, beorpan 11000, Pennyonuka Cpouja
dakynTeT 3aITUTE )KUBOTHE CPEIMHE U TIOJbOIIPUBPEIE,
Ilossonpuspenuu Yuusepsurer Tupana,
Konep Kames CX 1, Tupana 1000, Penry6nuka Anbannja
> VIHCTUTYT 32 3aIITHTY GUIba, [10J6ONPHBPEIHHE HCTPAXKUBAYKH HIEHTAp,
Moypan 9, Oyna, I'nza 12613, Peny6nuxa Ernnar

PE3MME: Ananuza L{1H-a npeacraBiba BEIMKU W3a30B U3 pasiiora IITO ra je

KJbYYHE PEYM: II1UH, akuzunuonu napamerpu, LC-MS/MS

noTpeOHO JeTEeKTOBATH Y BeOMa HUCKMM KOHIIEHTpalKjamMa y pa3IuuyuTUM y30pLuMa.
[Ipe kBanTudukanuje [{1MH-a norpedHO je mocTaBUTH akBU3UIMOHE mapameTpe LC-
MS/MS, koju ykibyuyjy onpehuBame peaknuje npahema jona (CPM), mpoHanaxeme
enepruje ¢pparmenranuje (Opar.) u enepruje konuznone henuje (LE) mpu xojoj he
onrosop [{11H-a 6utu Hajsehu 3a nate ycnose. Hajoossn onrosopu LHIMTH-a no6ujajy
ce mpu @par. on 66 Vu LIE og 17 u 29 V.
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SPATIAL DISTRIBUTION OF GENETS
IN POPULATION OF SAPROTROPHIC FUNGI
Marasmius rotula ON MT. STARA PLANINA

ABSTRACT: This study was conducted to determine the size and spatial distribution
of mycelial individuals of Marasmius rotula at one locality on Mt. Stara planina in the Re-
public of Serbia. Total of 12 sporocarps were collected from investigated locality (Vidlic,
Stara planina). Sporocarps were distributed in four groups and distances between them were
approximately 10-30 meters. Genomic DNA was extracted from each sporocarp and used
for inter-simple sequence repeat (ISSR) polymorphism analysis using (GTG)s and (GACA),
primers. Both primers showed reproducible band patterns on agarose gels and sporocarps
with identical band patterns were considered to belong to the same individual (genet) and
were grouped accordingly. Grouping with both primers determined that 12 analyzed sporo-
carps belong to 4 distinct genets (A, B, C, D). Approximate genet diameters were 2 m for
two genets (A, B) and 15 m for one genet (C) while diameter of one genet (D) was not pos-
sible to determine since it was represented only by one sporocarp. The results presented here
are the first data about size and spatial distribution of genets of M. rotula. To determine
whether the obtained genet sizes are general trait of an analyzed species or a special trait
appeared as an effect of environmental conditions, more information on the genet distribution
of other M. rotula populations is needed.

KEYWORDS: genet distribution, ISSR, Marasmius rotula, population

INTRODUCTION

Saprotrophic, litter exploiting basidiomycetes are the primary decomposer
organisms of lignocellulose material in nitrogen-limited boreal and temperate
forests. Although these species are in a minority of ectomycorrhiza, they are the
most abundant fungi in those nitrogen-limited environments (Tlalka ez al. 2008).

* Corresponding author. E-mail: eleonora.boskovic@dbe.uns.ac.rs
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Despite their crucial role in those environments, very little is known about
population structures of this group of fungi.

Marasmius rotula (Scop.; Fr.) Fr. is one of the most abundant and wide-spread
saprotrophic basidiomycete in the boreal and temperate zones of the Northern
Hemisphere. It usually produces plenty of sporocarps in most deciduous forests,
which makes it suitable for investigation of saprotrophic fungal populations. Its
sporocarps are mostly found in groups on wood (branches, stumps, trunks, bark)
of broadleaved trees, on cupulas of Fagus, but it was also collected from basal parts
of grass, twigs and needles of Pinus. It produces relatively small sporocarps with
white hemispherical-convex pileus usually 4 to 18 mm in diameter. Lamllae
are rather crowded (17-21), broadly adnexed to the collarium. Stipe is 20—60 x
0,25-0,75 mm, filiform, white or pale brown at apex, downwards red-brown
to almost black-brown at base (Antonin and Noordeloos, 1993).

The mycelial nature of most fungi affects the definition and interpretations
of fungal individuals. One cannot be sure if collected sporocarps from one area
have been obtained from one individual or from several individuals. In earlier
studies (Rayner and Todd, 1979; Thompson and Rayner, 1982; Huss, 1993) so-
matic incompatibility (SI) tests were used for discriminating distinct genets — ge-
netically unique fungal individuals (Burchhardt e al. 2011). This laborious and
time consuming method was later replaced by isozyme and molecular tools which
reflect the distribution of mycelial individuals more accurately, especially in in-
breeding populations (Jacobson et al. 1993; Guillaumin et al. 1996; Anderson et
al. 1998). Molecular analysis of sporocarps (e.g. ISSR, RAPD) can allow identifi-
cation of distinct genets of fungi and make analyses of fungal biodiversity possible
in the same manner as for animals and most plants (Zak and Willig, 2004). Size
and distribution of fungal genets are usually estimated by mapping analyzed spo-
rocarps on site, determining which sporocarps have genetically identical genotypes
and then measuring the distances between those identical sporocarps (Burchhardt
et al. 2011). Since the presence of sporocarps indicates the presence of the parent
mycelium in soil, the absence of sporocarps does not necessarily mean that myce-
lia are absent from soil (Dahlberg et al. 1997; Sawyer et al. 1999) and this must
be considered when estimating numbers and sizes of genets on investigated area.

While there was several studies about size and distribution of genotypes
of ectomycorrhizal fungi (Anderson et al. 1998; Sawyer et al. 1999; Zhou et al.
2000, Burchhardt et al. 2011), data about genets of saprotrophic fungi estimated
by molecular methods, can not be found in available literature. The aim of the
present study was to investigate the distribution of genets of saprotrophic fungi,
M. rotula in beech forest on Mt. Stara planina, Serbia.

MATERIAL AND METHODS
Sporocarp sampling

Twelve sporocarps of M. rotula were collected from one locality (Vidli¢)
on Mt. Stara planina (43°10°36.65”°N, 22°43°02.41’E) in the indigenous beech
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stand. All sporocarps were collected on the same day in September, 2015. On
site, sporocarps were mapped by measuring physical distance (in meters) be-
tween them and schematic map of their positions was drawn. Sporocarps were
distributed in four groups and distances between them were approximately
10-30 meters. Investigated area was approximately 2,500 m>.

Molecular analysis

DNA was extracted from around 20 mg of dried sporocarp tissue. Samples
were crushed into powder using mortar and pestle with a small amount of
liquid nitrogen. Extraction of DNA was performed using CTAB protocol
(Doyle and Doyle, 1987).

PCR amplifications were performed using two inter-simple sequence
repeat motif primers: (GTG)s and (GACA),. Amplification for both primers
was carried out in 50 pL reactions volumes which contained ca 100 ng of DNA,
5 pL of 10X DreamTaqpufer, 0.2 mM primer (GTG); (0.4 mM for (GACA),),
0.2 mM of dNTPs Mix (Thermo Fisher Scientific, Massachusetts) and 1.25 U
of Dream Taq DNA polymerase (Thermo Fisher Scientific, Massachusetts).
After initial denaturation at 95 °C for 2 min, cycling conditions consisted of
30 cycles of 95 °C for 30 s, 50 °C for 30 s and 72 °C for 1 min for (GTG)s primer
and 40 cycles of 94 °C for Imin, 48° C for 1 min and 72 °C for 1 min for
(GACA), primer followed by a final extension at 72 °C for 10 min (Zhou et al.
1999, slightly modified). A negative control, containing no fungal DNA, was
included in each PCR reaction run.

Products of amplification were separated by electrophoresis in 1.5% agarose
gels premixed with 2 pL (I mg/ml) of ethidium bromide using 1 kb molecular
weight marker (GeneRuler 1 kb DNA Ladder, Thermo Fisher Scientific, Mas-
sachusetts). Electrophoresis was carried out in TBE buffer. Gels were visualized
and documented using BioDocAnalyze System (Analytik Jena AG, Germany).

Gel bands patterns were analyzed visually by naked eye. The sporocarps
with the same PCR profile patterns for each primer were considered to belong
to a same individual (genet) and were grouped accordingly.

RESULTS AND DISCUSSION

Reproducible fingerprints (patterns) were obtained with both primers for
all collected sporocaps (Figure 1 and Figure 2). In PCR reaction with (GTG)s
primer, 5 to 9 fragments were amplified and their sizes were from 825 to 2,500
bases, while amplification with (GACA), primer gave 2 to 8 fragments from
500 to 2,500 bases. In previous study (Sawyer et al. 2003) sporocarps of some
Amanita species produced 6 to 17 fragments of 200 to 1,900 bases with (GTG)s
primer and 10 to 22 fragments of 250 to 2,600 bases with (GACA), primer,
while in Cortinarius rotundisporus 11 to 24 fragments of 300 to 2,700 bases
and 16 to 26 fragments of 300 to 2,900 bases were amplified with the same
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primers respectively (Sawyer ef al. 1999). This data implies that number and
size of fragments are specific for each species of fungi, but fragments are usu-
ally not bigger than 3,000 bases.

M MR] MRZ ME] UR4 MRS MRS MRT WRA MRD MRIOMRIIMRIZ C

Figure 1. (GTG)s band patterns of M. rotula sporocarps

M MR1 MRZ MR MRE MRS MRE MRT

e e e e gy

Figure 2. Band patterns of M. rotula sporocarp samples
after amplification with (GACA), primers

Both primers used for PCR amplification in this study produced ISSR
patterns which enabled all analyzed sporocarps to be grouped in the identical
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groups (Table 1). Twelve sporocarps were grouped into four genets: A (presented
with three sporocarps), B (presented with two sporocarps), C (presented with
six sporocarps) and D (presented with one sporocarp).

Table 1. Inter-simple sequence repeat (ISSR) groups determined by identical band patterns
of the two primers for sporocarps of M. rotula.

(GTG)s (GACA), genet
MAI1 MAI1 D
MR2 MR2
MR3 MR3 A
MR4 MR4
MRS5 MRS
MRS MRS
MR9 MR9

MRI10 MR10 C

MRI1 MRI1

MR12 MR12
MR6 MR6
MR7 MR7 B

Since all sporocarps were mapped on investigated locality, it was possible to
determine approximate genet diameters (Figure 3). Genet A was represented by 3
sporocarps found in relatively close proximity with longest distance between them
of 2 m, thus diameter of this genet is at least 2 m. Genet B was presented by 2
sporocarps found 2 m from each other thus diameter of this genet was 2 m at least.
Genet C had diameter of 15 m and was represented by 6 sporocarps. 1 of these 6
sporocarps was found relatively close to sporocarps of genet B and it would be
expected that they also belong to genet B. Instead, it was clustered into same
individual with 5 sporocarps found approximately 15 m away. Diameter of genet
D was not possible to determine since it was represented only by one sporocarp.

D Sm

Figure 3. Schematic map of the positions of the sampled M. rotula sporocarps
from locality NP Mt. Stara planina. Encircled dots represent sporocarps
which belong to the same genotypes.
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Given that there are no other available studies on the spatial distribution of
M. rotula genets, comparison of results obtained in this study was only possible
with the data obtained for other species of fungi, mostly ectomycorrhizal. It was
determined that individuals of Pisolihtustinctorius can be from 7 to 30 m in
diameter (Anderson et al. 1998), Suillusvariegatus can have genets up to 20 m
(Dahlberg, 1997), while genets of Cortinarius rotundi sporus are usually from
9 m to 30 m (Sawyer et al. 1999). From given data it can be concluded that indi-
viduals of ectomycorrhizal species occupy a larger areas than saprotrophic fun-
gi, probably because of their association with roots of higher plants which can
give better support for somatic growth than substrate of saprotrophic species.

Relatively small diameters of M. rotula genets may also be explained by
their mode of reproduction. Fungi that form small genets are thought to fre-
quently reproduce sexually through basidiospores, while fungi with larger
individuals are able to expand somatically over time (Burchhardt e al. 2011).
Since this principle was determined for ectomycorrhizal fungi, we cannot be
sure that the same can be implied for saprophytic fungal species.

Disturbance of habitat may also have effect on fungal genet size. Dahlberg
and Stenlid (1995) determined that populations of S. bovinus in undisturbed
mature forests are dominated by large persistent genets, while in severely
disturbed stands smaller genets prevail. Later studies of ectomycorrhizal fun-
gi (Fiore-Donno and Martin, 2001; Redecker et al. 2001; Sawyer et al. 2003)
showed that some taxa prevail as populations of small genets in mature stands
that have not been subject to major disturbances, meaning that there was no strict
correlation between stand age and level of disturbance and genet size. This may
relate to ectomycorrhizal fungi since they are in association with tree roots
and not so dependent of nutrients from forest litter like saprotrophic fungi are.
It can be assumed that genets of saprotrophic fungi are more affected by habitat
disturbances, but further investigation of distribution and genet size of sapro-
trophic fungal species is needed to support this claim.

CONCLUSION

The data presented here indicate that analyzed population of M. rotula
from one locality on Mt. Stara planina consists of relatively small genets which
are usually presented with several sporocarps. Since the given results are the
first data about size and spatial distribution of genets of M. rotula, more infor-
mation of other M. rotula populations is needed to determine whether the
obtained genet sizes are general trait of an analyzed species or a special trait
appeared as an effect of environmental conditions.

ACKNOWLEDGEMENTS
This study was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia and professor Sasa
Orlovi¢ as a project manager (Research Grants No 11143002 and 11143007).

148



REFERENCES

Anderson IC, Chambers SM, Cairney JWG (1998): Use of molecular methods to estimate the
size and distribution of mycelial individuals of the ectomycorrhizal basidiomycete Piso-
lithustinctorius. Mycol. Res. 102: 295-300.

Antonin V, Noordeloos ME (1993): 4 Monograph of Marasmius, Collybia, and Related Genera
in Europe Part 1: Marasmius, Setulipes, and Marasmiellus. [HW-Verlag, Eching.
Burchhardt KM, Rivera Y, Baldwin T, Vanearden D, Kretzer AM (2011): Analysis of genet size
and local gene flow in the ectomycorrhizal basidiomycete Suillusspraguei (synonym S.

pictus). Mycologia. 103: 722-730.

Dahlberg A, Stenlid J (1995): Spatiotemporal patterns in ectomycorrhizal populations. Can. J. Bot.
73: 1222-1230.

Dahlberg A (1997): Spatial structures of Suillusvariegatus genets in old Swedish Scots pine
forest. Mycol. Res. 101: 47-54.

Doyle JJ and Doyle JL (1987): A rapid DNA isolation procedure for small quantities of fresh
leaf tissue. Phytochemistry 19: 11-15.

Fiore-Donno A.-M, Martin F (2001): Populations of ectomycorrhizal Laccaria amethystina and
Xerocomus spp. show contrasting colonization patterns in a mixed forest. New Phytol.
152: 533-542.

Guillaumin J-J, Anderson JB, Legrand P, Ghahari S, Berthelay S (1996): A comparison of different
methods for the identification of genets of Armillaria spp. New Phytol. 133: 333-343.

Huss MJ (1993): Spatial distribution among mycelial individuals of Lycoperdon pyriforme occur-
ring on decaying logs. Mycol. Res. 97: 1119-1125.

Jacobson KM, Miller OK, Turner, BJ (1993): Randomly amplified polymorphic DNA markers
are superior to somatic incompatibility tests for discriminating genotypes in natural
populations of the ectomycorrhizal fungus Suillus granulatus. Proc. Natl. Acad. Sci.
U.S.4.90: 9159-9163.

Rayner ADM, Todd NK (1979): Population and community structure and dynamics of fungi in
decaying wood. Adv. Bot. Res. 7: 333—-420.

Redecker D, Szaro TM, Bowman RJ, Bruns TD (2001): Small gents of Lactarius xanthogalactus,
Russula cremoricolor and Amanita francheti in late-stage ectomycorrhizal successions.
Mol. Ecol. 10: 1025-1034.

Sawyer NA, Chambers SM, Cairney JWG (1999): Molecular investigation of genet distribution
and genetic variation of Cortinariusrotundisporus in eastern Australian sclerophyll forests.
New Phytol. 142: 561-568.

Sawyer NA, Chambers SM, Cairney JWG (2003): Distribution of Amanita spp. genotypes
under eastern Australian sclerophyll vegetation. Mycol. Res. 107: 1157-1162.

Thompson W, Rayner ADM (1982): Spatial Structure of a Population of Tricholomopsisplaty-
phylla in a Woodland Site. New Phytol. 92: 103—114.

Tlalka M, Bebber D, Darrah PR, Watkinson SC (2008): Chapter 3 Mycelial networks: Nutrient
uptake, translocation and role in ecosystems. In: L. Boddy, J. Frankland and P. van West
(eds.), British Mycological Society Symposia Series. Academic Press, Cambridge.

Zak JC, Willig MR (2004): Fungal Biodiversity Patterns. In: Mueller GM, Bills GF, Foster M
(eds.): Biodiversity of Fungi: Inventory and Monitoring Methods, Elsevier Academic
Press, Burlington.

149



Zhou Z, Miwa M, Hogetsu T (2000): Genet Distribution of Ectomycorrhizal Fungus Suillus grevil-
lei Populations in Two Larix kaempferi Stands over Two Years. J. Plant Res. 113: 365-374.

I[MTPOCTOPHA JJUCTPUBYIIMJA TEHETA V TIOITYJIALIUIU
CATIIPOTPO®CKE I'JBUBE Marasmius rotula
HA CTAPOIJ ITJTAHUHUA

Eneonopa B. BOLLIKOBUR!, BﬂanncnaBaO TAJIOBUR?,
Maja A. KAPAMAH!

"'Vuugepsurer y Hopom Casy, IIpuposino-MateMaTuuku GakynTer,
JenapTman 3a OMOJIOTH]y U €KOJIOTH]Y,
Tpr Jlocuteja O6panosuha 3, Hosu Cax 21000, PerryGinka CpOuja
2 Vuusepsuter y Hosom Cay, I/IHCTI/ITyT 3a HM3HMjCKO IIyMapCTBO U KUBOTHY CPEANHY,
Amntona Yexona 13, Hou Caz 21000, Peny6nuka Cpouja

PE3UME: UcTpaxuBarbe MPeJCTaBIbEHO y OBOM pajly BPLICHO je pau yTBphu-
Bama IIPOCTOPHE AUCTPUOYIHjE jeIMHKY BPCTE IIbUBE Marasmius rotula Ha jeTHOM
nokanureTy Ha Crapoj mianuan (Pemy6inka CpOuja). Ca ucTpakHBaHOT JIOKaINTETa
(Buniy, Crapa riaHuHa) CaKyIJbEHO je IBAaHASCT IJIOIOHOCHHX Teja Koja Cy Ha Te-
peHy Omiia TpyIiucaHa y YeTHPH TpyIIe, a pellaTHBHA ylaJbeHoCT n3Mel)y rpyma Oua je
10 1o 30 m. M3 cakymibeHUX MJI0OHOCHUX Tea u3osioBana je JJHK koja je ananusupa-
Ha ynorpebom ISSR (eng. inter-simple sequence repeat) MmeToze. 3a OBY METOIY KOPH-
uthenu cy (GTG)s u (GACA), npajMepu, KOjU Cy ce HAKOH pa3/Bajarmba Ha arapo3HOM
reiy Mokas3ajid Kao pernpoayuOrIHU. 3a MII0I0HOCHA TeJla Koja Cy MoKa3ajia HICHTHY-
He ISSR ¢parmenTe Ha Teny cMaTpaHo je Aa IpuIanajy UCTOj jeMUHKHU (TeHEeTY) U Ha
OCHOBY Tora cy rpynucana. Pesynraru ananuze ISSR ¢parmenara nodujenu ca oba
mpajMepa mokas3aiu ¢y Aa ce 12 aHanu3upaHuX IUIOOHOCHHX TeJla IPYIHCao y 4 TeHeTa
(A, B, C, D). YrBpheno je na je npeunuk reaera A u B 6no mpuOmimkHO 2 M JIOK je
redeT C umao npednuk oko 15 m. Jlujamerap renera D Huje Ouno moryhe yTBpauTu
¢ 003UpOM J1a je OMO MPEACTAaBIbEH CaMO Ca jeTHUM IUIOJIOHOCHUM TeJioM. Pesynatu
JIOOWjeHU Y OBOM pajly IpeICTaBIbajy MPBE MOJATKE O BETMYMHU U TPOCTOPHO] TUCTPHU-
Oy1Hju reHeTa Ko canporpodHe Bpete ribuBe M. rotula. Jla Ou yTBpAHIIU 1a 1 100U-
JEHH TIOJIAIH O TEHETUMA ITPE/ICTABIbaj)y OCOOMHY HCIIUTHBAHE BPCTE HITH CYy TPEBACXOI-
HO pe3yJTat (pakTopa cpeauHe, MOTPeOHO je joll mojaTaka o JUCTPUOYIIHjU TeHeTa Y
pasIuYUTHM Nonynanujama Bpere M. rotula.

KJbYYHE PEYU: nuctpubyuuja renera, ISSR, Marasmius rotula, nonynanuja
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Ganoderma lucidum — FROM TRADITION
TO MODERN MEDICINE

ABSTRACT: Ganoderma lucidum has a long tradition of use in folk medicine of the Far
East, which is documented in the oldest Chinese pharmacopoeia, written in the first century
B.C, declaring it a superior medicine. The healing properties of G. lucidum reflected on folk
names such as: Reishi, Mannentake, Ling Zhi etc., which mean “herb of spiritual power”,
“mushroom of immortality” or “10,000-year mushroom”, respectively. It has been known, for
thousands of years, that this species extends life span, increases youthful vigour and vitality
and it was used in the treatments of hepatitis, kidneys’ disease, hypertension, arthritis, asthma,
bronchitis, arteriosclerosis, ulcers and various types of cancer. However, Western civilisation
did not discover its healing properties until the 20" century. Modern scientific researches and
numerous clinical trails, conducted in recent decades, have confirmed the ancient knowledge
of Eastern nations and given them a scientific basis. These studies have demonstrated many
biological activities of G. lucidum extracts and compounds, including: immunomodulating,
antioxidative, cytotoxic, hypoglycaemic, anti-inflammatory, antiallergic, antimicrobial, etc.
It has been reported that its extracts play important role in detoxification of the body and
protecton of the liver, as well as in reducing cardiovascular problems, stress and anxiety.
However, its most important effect is undoubtedly immunostimulating one as it is the basis
of many other positive effects. The Japanese government introduced G. lucidum on the of-
ficial list of auxiliary agents for the treatments of various cancers, Alzheimer’s disease,
diabetes and chronic bronchitis. Many chemical components have been isolated from G.
lucidum, but polysaccharides and terpenoids are the main carriers of its bioactivities.

KEYWORDS: Ganoderma lucidum, traditional usage, modern studies, bioactivities

Ganoderma lucidum IN TRADITIONAL MEDICINE

Ganoderma lucidum (Curt.: Fr)) P. Karst. has been the important part of the
traditional medicine in the Far East, especially in China and Japan, for several
thousands of years. The people of these countries appreciated G. lucidum, not
only because of its medicinal but also for its spiritual power. It was considered
as a symbol of good luck, prosperity, good health, longevity and immortality.

* Corresponding author. E-mail: simonicj@bio.bg.ac.rs
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G. lucidum was also believed to have the power to keep from evil and was
treasured in homes as a talisman (Wasser and Weis, 1997). In the ancient China,
it was known as “God’s herb”, because it was believed to prolong life, enhance
the youthful spirit and maintain vitality. Its fruiting bodies were rarely found
in nature, so anyone who brought it to the imperial court was richly awarded (Was-
ser and Weis, 1997). G. lucidum was a part of the daily diet of monks and Taoist
magi throughout Asia because of the belief that it calmed the mind, prevented
tension, strengthened the nervous system and heart, improved memory and
concentration, strengthed willpower, and therefore helped the achievement of
wisdom. The importance of G. lucidum in the Far East tradition is best demon-
strated by the fact that as the “King of Herbs” it was celebrated in many stories
and legends and depicted in the art works, the paintings, embroidered fabrics
and carvings, along with the Gods and immortals. It was a common theme on
dishes, furniture, and even ladies’ hairpins, perfume bottles, always as a symbol
of longevity and good fortune (Osuji ef al. 2016). The significance of G. lucidum
in traditional oriental medicine is testified by the oldest Chinese medical record,
“Shen Nung Pen Tsa’o Ching”, written more than 2,000 years ago. This docu-
ment presents the first world’s pharmacopoeia which was based on studies of
medicinal plants and fungi, conducted by the founder of traditional Chinese
medicine, Shen Nung, about 5,000 years ago. Namely, 365 plants and fungal
species were described and classified based to their medicinal properties into
the superior ones, which included about 120, the above-average ones (the same
120) and the average ones with about 125 species. The group of superior medi-
cations, otherwise called “God’s weeds”, included those used for maintaining
the Vitality, preserving mental health and increasing longevity. The members
of the second group, above-average one, were taken as tonics, while those from
the average category were used to treat certain diseases. That pharmacopoeia
also emphasized that patients should be careful with the amount of average and
above-average medications which are taken and that they should not be used
continuously. On the contrary, the superior class of drugs can be taken in un-
limited quantities, without any negative side effects. The top place on the list
of superior remedies is reserved for G. lucidum (Wasser and Weis, 1997).
According to the traditional beliefe, G. lucidum can possess one of 5
flavors: bitter, salty, sour, sweet and hot, and each of them is aligned with one
of the internal organs (heart, kidney, liver, lung and spleen) (Denisova, 2001).
Likewise, in Japan, it is thought that depending on the colour and taste of G.
lucidum fruiting bodies, they heal different organs. Thus, gray and the acidic
ones improve vision; red and bitter regulate the functioning of the internal
organs and improve memory; yellow and sweet ones affect the spleen and
“soothing soul”’; red and hot act on the lung and increase the courage and boost
will; black and the salty ones protect kidneys; and sweet ones improve hearing,
act on joints and muscles and improve the complexion. One Chinese doctor
has also written: “The superior treatment consists of treating the disease before
it occurs, the average treatment means treatment when the disease is detected
and inferior treatment cures the disease that has already manifested itself™.
The highest value of G. lucidum is in the fact that it can be successfully used
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in all three stages of treatment. This species has been used for several thousands
of years in the treatment of hepatitis, kidney disease, hypertension, arthritis,
asthma, bronchitis, arteriosclerosis, ulcers and various types of cancer (Berovi¢
et al. 2003).

Ganoderma lucidum IN THE MODERN MEDICINE

Although the Far East traditional medicine has highly valued G. lucidum
for several millennia, its healing properties were unknown to Western civilisa-
tion until the 20" century. The current researches and numerous clinical trails
conducted in recent decades have confirmed the ancient knowledge of the
Eastern nation and given them a scientific basis. These studies have demon-
strated many biological activities of G. lucidum, including immunomodulating,
cytotoxic, antioxidative, antimicrobial, anti-inflammatory, hypoglycemic an-
tiallergic, neuroprotective, etc. (Chang et al. 2006; Zhou et al. 2010; Bishop
et al. 2015). However, its most important effect is undoubtedly immunomodulat-
ing, which is the basis of many other activities, and therefore Japanese govern-
ment has put this species on the official list of auxiliary agents for the treatment
of various cancers, Alzheimer’s disease, diabetes etc. According to Mizuno ef al.
(1995a, b, ¢), G. lucidum also helps in treatments of numerous disorders, such as
neurasthenia, dyspnea, insomnia, chronic hepatitis, pyelonephritis, high blood
cholesterol level, hypertension, coronary heart disease, leukopenia, rhinitis,
chronic bronchitis, bronchial asthma, gastropathy, and duodenum ulcer. A num-
ber of reports indicate that this fungus increases the resistance of laboratory mice
to the exposure to radiation and therefore its extracts are used as a component
of suntan lotion to protect against UV radiation (Wasser and Weis, 1997). It was
also demonstrated that it increases the resistance of the animals to the effects
of muscarine and nicotine so it is also used as an antidote in poisonings with
different poisonous mushrooms (Wasser and Weis, 1997).

The results of the clinical trail including 2,000 patients suffering from
chronic bronchitis who had been treated with G. lucidum tablets for 2 weeks,
showed an improvement of the clinical picture in about 60%—90% of patients
(Chang and But, 1986). Likewise, it was confirmed that the extract of this spe-
cies decreased the blood and plasma viscosities in patients with hypertension
and hyperlipidemia who were recovering from cerebral thrombosis (Wasser and
Weis, 1997). The usage of G. lucidum in the treatment of hepatitis, in particular
in the case of severe liver damage, has proved rather effective. Namely, in 355
patients who suffered from hepatitis B and used a preparation Wulingdan Pill
with a high content of G. /ucidum fruiting bodies, the improvement was noted
in 92% of patients (Chang and But, 1986).

Since G. lucidum fruiting bodies are rare and the demand for them is great,
nowadays this species is successfully commercially cultivated and it is available
in various forms on the world market. Currently, G. lucidum is a popular dietary
supplement, with annual global market value amounting to $1.5 billion (Liu et al.
2010).
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THE BIOACTIVITY OF CRUDE Ganoderma lucidum EXTRACTS

A wide spectrum of bioactivities (immunomodulatory, antioxidative, ci-
totoxic, antimicrobial, genoprotective etc.) was demonstrated for G. lucidum
extracts, their efficiency depending on extractant (water, ethanol, methanol,
chloroform, ethyl acetate etc.), the fungal part (basidiocarp, mycelium, spores,
cultivation broth) and extraction technique. It has been shown that alcohol
extracts (ethanol, methanol) contain compounds which reduce the blood cho-
lesterol and glucose levels, regulate blood pressure and inhibit the release of
histamine from the cells, and have citotoxic, antiviral and hepatoprotective
effects (Lu et al. 2004).

Kuo et al. (2006) noted stimulatory effect of G. lucidum mycelial extract
on TNF-a, IFN-y and IL-6 production, which led to improvement of innate
immune response. Numerous studies have also confirmed a considerable an-
tioxidative potential of various extracts of G. lucidum basidiocarps, mycelium
and cultivation broth (Mau et al. 2002; Sun et al. 2004; Tseng et al. 2008;
Cilerdzi¢ et al. 2014; 2016a,b). Namely, overproduction of reactive oxygen
species, caused by numerous environmental factors and lifestyle, exceed the
defence capacity of an organism and leads to the oxidative stress that could be
the trigger of many diseases and disorders. Despite the existence of numerous
commercial, synthetic antioxidants, finding new natural antioxidants without
negative side effects is very important. Mau et al. (2002) and Saltarelli et al.
(2009) have reported that the extracts may significantly enhance the non-en-
zymatic and enzymatic antioxidative response and remarkably reduce the
level of lipid peroxidation. The extract property to inhibit lipid peroxidation
was also base for improvement of heart function (Wong et al. 2004).

G. lucidum basidiocarp ethanol extract, cultivated under laboratory condi-
tions on different substrates showed a great genoprotective as well as citotoxic
activity against human cervix adenocarcinoma HelL.a and human lung adeno-
carcinoma epithelial A549 cell lines (Cilerdzi¢ et al. 2014; 2016c¢). Likewise,
Miiller et al. (2006) noted significant apoptosis effect of methanol ba51dlocarp
extract on leukemia, lymphoma and multiple myeloma cells, and Harhaji
Trajkovi¢ et al. (2009) antiproliferate effect on melanoma, fibrosarcoma, and
astrocytoma cell lines.

Uncontrolled usage of commercial antibiotics and antimycotics in the
treatment of infectious diseases leads to the appearance of numerous resistant
strains of microorganisms. On the other hand, these antimicrobial medicaments
also induce various side effects, and finding of new antimicrobial agents of
biological origin is the trend of current science. Various G. lucidum extracts
showed an outstanding antimicrobial potential against Gram — and Gram +
bacteria as well as numerous micromycetes, which depends on extractant and
extraction method that affect extract composition (Sridhar et al. 2011). Several
studies demonstrated higher antimicrobial potential of compounds insoluble
in water so their content is higher in extracts obtained by non-polar organic
solvents, such as chloroform. Thus, Keypour et al. (2008) noted that chloroform
basidiocarp extract strongly inhibited development of Bacillus subtilis and
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Staphylococcus aureus, while methanol extract had inhibitory effect on Esche-
richia coli, Salmonella spp. and B. subtilis. The ethanol extract of basidiocarps
obtained on alternative substrate showed a considerable antibacterial and anti-
fungal capacity against S. aureus and Micrococcus flavus, Acremonium strictum,
Aspergillus glaucus and Trichoderma viride (Cllerd21c et al. 2014). Klaus and
Niksi¢ (2007) reported that bacteriolytic enzymes i.e. lysozymes and acid
protease are carriers of antimicrobial activity in aqueous extract.

Peculiarly, it should be emphasized that the latest findings indicate the
positive effect of G. lucidum extracts on inhibition of acetylcholinesterase and
tyrosinase, enzymes which high activities cause appearance of neurodegenerative
desorders, especially the most frequent Alzheimer’s and Parkinson’s diseases
(Hasnat et al. 2013; Taofiq et al. 2016).

THE BIOLOGICALLY ACTIVE COMPOUNDS
OF Ganoderma lucidum

A wide range of different chemical compounds with medicinal properties
have been isolated from the fruiting bodies, mycelium and spores of G. lucidum,
but the most important ones are polysaccharides, triterpenoids, phenols and
proteins (Berovi¢ et al. 2003; Paterson, 2006; Leskosek-Cukalovi¢ et al. 2010).

Polysaccharides

Polysaccharides are the main biologically active macromolecules and the
most responsible for the therapeutic application of G. lucidum acting as im-
munomodulators and carcinostatics (Berovic ef al. 2003). They are present in
fruiting bodies, mycelia, spores and cultivation broth of G. lucidum. More than
200 different polysaccharides were isolated from G. /ucidum, 50 of them show-
ing antitumor activity and some hypoglycemic effect (Wasser and Weis, 1997,
Fang and Zhong, 2002). Most of the biologically active polysaccharides are
1,3-B-D- and 1,6- B-D-glucans consisting of a large number of D-glucose mol-
ecules linked by glycosidic bonds and known as homopolysaccharides (Yang
et al. 2000; Paterson, 2006). They are branched and side chains occur after a
certain number of glucose units in the main chain. Numerous studies have
shown a positive correlation between the degree of polysaccharide branching
and its immunomodulating effect as well as the length of the side chain and
bioactivity degree (Zhang et al. 2001). Likewise, the majority of anticancer
glucans are insoluble in water and have an average molecular weight of 1050
kDa (Paterson, 2006). However, Hsieh and Yang (2004) demonstrated a strong
anti-tumor activity of water soluble G. /ucidum polysaccharides against Sar-
coma 180, which inhibited proliferation of even 95% cells.

The most of the researches conducted with G. lucidum polysaccharides
are dedicated to their immunomodulating activities (Berovic€ et al. 2003). Thus,
Wasser and Weis (1997) demonstrated that 1,3-8-D-glucan is the main carcino-
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static agent, which is not toxic for the organism contrary to the conventional
chemotherapy and with effect based on the strengthening of the host immune
system. It was shown that the inhibition of tumor growth is carried out through
the enhancement of the host immune response by stimulating the production
of the cytokinin, interleukin (IL), tumor necrosis factor (TNF) and interferon
(IFN). Namely, incubation of human macrophages and T-lymphocytes with
polysaccharides isolated from fresh G. lucidum fruiting bodies caused increasing
production of IL-1, IL-6, TNF-a and IFN-y (Wasser and Weis, 1997). However,
several researches showed that the antitumor activity of pure polysaccharides
extracts is lower than crude extracts which support the fact that other substances
also contribute to the bioactivity of G. lucidum (Liu et al. 2002).

Terpenoids

Terpenoids, besides polysaccharides, are the most important bioactive
metabolites and ones of the main carriers of G. lucidum medicinal properties.
Until now, 130 G. lucidum terpenoids have been isolated and characterized from
the basidiocarps, mycelium and spores (Paterson, 2006). According to the number
of carbon atoms, structure and functional groups, terpenoids were classified
into the non-volatlle triterpenoids (C30) and a less volatile diterpenes (C20)
(Leskosek-Cukalovi¢, 2010). Anticancer activity of G. lucidum triterpenoids is
based on direct cytotoxicity against tumor cells, contrary to the polysaccharides
with activity based on the strengthening of the organism immune response
(Paterson, 2006). Thus, Ganoderic acid T, purified from the methanol extract
of G. lucidum mycelium, showed cytotoxicity on human lung cancer cell line
(95-D), in a dose-dependent manner, via apoptosis induction and cell cycle arrest
(Tang et al. 2006). Some triterpenoids have inhibition effect on the growth of
human hepatoma Huh-7 cells causing cell cycle arrest in G2 phase, without any
effect on the normal liver cells (Lin et al. 2003).

G. lucidum triterpenoids also have significant antiviral activity, i.e. they
play an important role in the inhibition of HIV-1 and HIV-2 protease, as well
as HIV-1 reverse transcriptase. It was demonstrated that Ganosporeic acid,
isolated from G. lucidum spores, is active hepatoprotective agent (Paterson,
20006).

Proteins

The bioactive proteins have also been isolated and characterized from G.
lucidum. The immunomodulatory protein known as Ling Zhi-8 (LZ-8) con-
structed of 110 amino acid residues, with the molecular mass of 12 kDa has
been isolated from mycelium (Tanaka et al. 1989). The recent studies showed
that peptides present one of the main carriers of antioxidant activity and a poly-
saccharide-peptide complexes (GI-PP) have antitumor and antiangiogenesis
activities (Sun et al. 2004; Cao and Lin, 2006). G. lucidum protein, ganodermin,
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has antifungal activity against various micromycetes, especially against some
phytopathogens, such as Botrytis cinerea, Fusarium oxysporum and Physalo-
spora piricola, while glycoproteins have a direct antiviral effect on a herpes
simplex virus types 1 and 2 (Liu et al. 2002; Paterson, 20006).

Phenolic compounds

Phenolic compounds are also important biologically active compounds of
G. lucidum. The dominant phenolic compounds isolated from G. lucidum are
gallic and protocatechuic acids (Staji¢ et al. 2015). Numerous studies present
that the healing properties of some medicinal mushrooms are in direct correlation
with their chemical composition, particularly with the content of the phenolic
compounds (Yaltirak ez al. 2009). Polyphenols are the main antioxidative agents
because they act either as free radicals’ scavengers or carriers of metal ions
(Leopoldini et al. 2011). Cilerdzi¢ et al. (2014; 2016b) noted high correlation
between amount of these compounds and antioxidative capacity of various
G. lucidum extracts.

FUTURE PERSPECTIVES OF Ganoderma lucidum
IN MEDICINE

Despite a long history of usage in traditional medicine and current studies
that proved medicinal potential of G. /ucidum, a number of challenges are stil
in front of scientists with the aim of its usage in a clinical practice. Firstly, the
clarifying of the taxonomy is necessary, since other Ganoderma species can
be mistaken with G. lucidum. Further studies on the identification of active in-
gredients as well as safe doses ranges should be declared for each disease. The
important research goal should also be the optimisation of G. lucidum cultiva-
tion conditions in order to increase yield and to maximise active constituents’
production. Finally, the most important and the most challenging tasks are
extensive preclinical and clinical trials which will provide a convincing evi-
dence of the effectiveness of G. /ucidum based medications. In conclusion, after
all findings, we can expect that the slogan “G. lucidum a day keeps the doctor
away” will be used.
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Ganoderma lucidum — OJ1 TPAAVIMUIE 10 MOJEPHE MEAUIIMHE

Jacmuna Jb. AMJIEPIIU'Hh, Mupjana M. CTAJU R,
Jenena b. BYKOJEBU'h

Yuusepsuret y beorpany, buomomku daxynrer,
Taxoscka 43, beorpan 11000, Pery6nuka Cpouja

PE3UME: Ganoderma lucidum nma nyry Tpaauiujy ynorpede y HapoaHO] MEaH-
nuHYU Jlanekor UCTOKa, IITO je JOKYMEHTOBAHO y HajCTapyjoj KUHECKO] hapMaKorneju,
HanucaHoj y | Beky mpe HOBe epe, y K0joj je IporjamieHa 3a CyrnepuopHu Jiek. Jleko-
BUTa cBOjcTBa G. [ucidum cy yTunana Ha OpojHa HapoJHa MMeHa Kao mTo cy: Reishi,
Mannentake, Ling Zhi ca 3Hauemem ,,0uibka IyXoBHE MOhH™, ,,r/bHBa OeCMPTHOCTH
i ,,10000-rogummma rpuBa“. 3a G. lucidum ce XxuspbajgaMa roJJiHa BEpOBAJIO Jia
MIPOAYIXKY]je )KUBOTHH BeK, moBehaBa Milajjanayky CHary ¥ BATAJTHOCT M KOPUCTHUIIA Ce
y JIeuerby XenaTuTuca, bonectu Oyopera, XunepTeHs3uje, apTpuTHca, acTMe, OpOHXHUTH-
ca, apTepHOCKIIepO3e, YNPEeBa U pPa3HUX BpcTa KaHuepa. MeljyTum, 3anagHa [uBHIH3a-
1IMja je OTKpuia iekoBuTa cBojctBa G. lucidum tex y 20. Beky. CaBpemMeHa HayYHa UCTpa-
KHUBamka ¥ OpOjHE KIMHUYKE CTYAMjE CIIPOBECHE Y TOCICABUX HEKOINKO NECLCHH]a
MOTBp/MJIA CYy APCBHA 3HAa JAJICKOMCTOYHHUX HApOJa U Jaja UM HaydHY IOTIIOPY.
PesynraTu oBEX poyYaBarma Cy IOKa3aJId MHOT'e OHOJIOIIKE aKTUBHOCTH EKCTpaKara
u jenumema G. lucidum, kao MTO Cy IMYHOMOJYJIaTOPHY, aHTHOKCHIATUBHY, IINTOTOK-
CHYHY, XUIIOTIMKEMH]jCKY, aHTUHH(IIaMaTOpHY, aHTHAJICPTHjCKY, aHTHMUKPOOHY U JIp.
Jokaszano je na ekcTpaktu G. [ucidum uMajy BaXXHY yIOTY y IeTOKCHKAIIHjH OpTraHH-
3Ma U 3aIITHTH jeTpe, Ka0 U y CMambelhy KapAHOBAaCKyJIapHUX MpodiiemMa, cTpeca u
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aHKCUO3HOCTH. MehyTuM, leH HajBaKHUJU edeKaT je HECYMIBHUBO HMYHOCTHMYJIa-
TOPHH KOjH je OCHOBAa MHOTHIX IPYTHX IMO3UTHBHUX edekara. JanaHcka Biaja je yBeia
G. lucidum Ha 3BaHUYHY JTUCTY NOMONHHX CpeIcTaBa 3a Jieuermhe Pa3IuIuTHX BpCTa
KaHIepa, AnxajMepoBe 0oJecTH, qujadbeTeca U XpOHHYHOT OpoHxuTHCca. MHora je-
IUIbCHA Cy M30JI0BaHA U3 IUIOAOHOCHHX Tella, MULCIHje, CIOpa U KYJITHBAIIHOHOT
Menujyma G. lucidum anv ce momcaxapyan U TEPIIEHOU U CMaTpajy TIIaBHUM HOCHO-
Ma OMOJIONTKUX aKTHBHOCTH.

KIJBYYUYHE PEYU: Ganoderma lucidum, TpannunoHaiHa IpUMeEHa, CaBpeMeHa
HCTPaXKNBaka, OMOAKTHBHOCTH
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ANTIOXIDATIVE ACTIVITY OF
Lenzites warnieri BASIDIOCARPS

ABSTRACT: Considering that mushrooms synthesize different kinds of compounds
with antioxidative activity and that search for natural antioxidants is a topical study area, testing
of unstudied species is fully justified. The aim of the study was to evaluate antioxidative
capacity of Lenzites warnieri basidiocarps using different solvents. Antioxidative potential
of 96% ethanolic, 70% ethanolic and methanolic extracts was evaluated by 2,2’-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) bleaching assay and 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) scavenging assay. Additionally, total content of phenols and flavonoids in
extracts was determined as galic acid equivalent (GAE) and quercetin equivalent (QE),
respectively. Presented as ECsp, 70% ethanolic extracts showed the highest antioxidative
capacity by DPPH assay (3.08 + 0.49 mg/mL) and 96% ethanolic extract by ABTS assay
(3.08 £ 0.24 mg/mL). Methanolic extract exhibited the lowest antioxidative activity in both
assays (6.02 £ 0.99 mg/mL and 4.92 + 0.38 mg/mL, respectively). Results showed that anti-
oxidative capacity of extracts depended on solvents and assay used, indicating that ethanolic
extracts were with higher capacity in free radicals neutralization. The highest content of total
phenols was detected in 70% ethanolic extract (37.45 + 0.36 ug GAE/mg of dried extract) while
the lowest amount was noted in methanolic extract (22.73 + 0.05 ug GAE/mg of dried extract).
Total flavonoid contents were negligible and ranged between 1.91 £0.10 and 2.24 + 0.13 pg
QE/mg of dried extract. The obtained results indicate that Lenzites warnieri possess significant
antioxidative capacity which is mainly correlated to phenols present in the extracts.

KEYWORDS: Lenzites warnieri, antioxidative activity, basidiocarps, extracts

INTRODUCTION

Mushrooms have been used for thousands of years as food but also in
traditional medicine as a reach source of biologically active compounds (Was-
ser, 2010; Roupas et al. 2012). However, this great pharmacological potential
is still underutilized since, approximately, only 5% of the species are well
studied and comprehensive studies are needed for both unstudied and already
examined species (Wasser, 2002).

* Corresponding author. E-mail: knezevica@bio.bg.ac.rs
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Species of the genus Lenzites has been used in traditional Chinese medi-
cine for treatment of several diseases and disorders such as haunch and femoral
pain, acropathy, apoplexy and cold (Ren ef al. 2006). Medicinal effects have been
also demonstrated in conventional medicine and until nowadays, there have been
several studies on the various properties of Lenzites spp. basidiocarps and
mycelium extracts as scavengers of free radicals, antimicrobials, anti-oxidant,
anti-viral and immunosuppressant (Liu ef al. 2014; Milovanovi¢ et al. 2015;
Hussin et al. 2016). The contemporary life style brings human and animal
populations to face with abundant presence of free radicals, endogenously or
in the environment, which further leads to appearance of oxidative stress which
is a basis of aging and the initiation of various diseases and disorders (Limon-
Pacheco and Gonsebatt, 2009). The capacity of organisms to defend against
free radicals can be improved by various synthetic or natural antioxidants.
From this aspect, macromycetes can be of a great interest due to the synthesis
of different antioxidative compounds such as phenols, tocopherols, carotenoids,
ascorbic acid, etc. (Staji¢ et al. 2013).

Lenzites warnieri Mont. & Durieu (Polyporaceae) is a white rot plant
pathogen which can be found on living wood of several deciduous trees such
as alder, cottonwood, elm and willow, prefering wet habitats such as riparian
woodland or fens and warm temperatures (Ryvarden and Gilbertson, 1993).
Species primarily inhabit Central and Southern Europe but also parts of Asia
and Northern Africa (Torti¢, 1972; Winterhoft, 1986). Formation of resupinate
fruiting bodies occurs in autumn while sporulation is expected in following
spring (Ryvarden and Gilbertson, 1993).

Since described activities might have been responsible for medicinal effects
of Lenzites spp. in traditional practice, the goal of the study was to evaluate
possible antioxidative potential of basidiocarp extracts of unstudied Lenzites
warnieri.

MATERIALS AND METHODS
Organism and extraction

The basidiocarps were collected in Gornje Podunavlje Special Nature
Reserve, Serbia, and identified as Lenzites warnieri according to the macroscopic
features and the micro morphology of the reproductive structures (Ryvarden
and Gilbertson, 1993; Vukojevi¢ and Hadzi¢, 2013).

Fruiting bodies (3.0 g) were air-dried, grinded to powder in laboratory
blender (Waring Commercial 8010S, USA). Extraction was carried out with
96% ethanol, 70% ethanol and methanol (90.0 mL) on a magnetic stirrer (150 rpm,
30 °C) for 72 hours. The resultant extracts were then centrifuged (20 °C, 3,000
rpm, 10 min), and supernatants filtrated through Whatmann No. 4 filter paper.
The filtrates were concentrated under reduced pressure in a rotary evaporator
(Biichi R-114, Germany) at 40 °C to dryness and redissolved in 96% ethanol
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to an initial concentration of 16.0 mg/mL. The extraction yield was determined
as the ratio of dry fungal biomass before extraction and dry extract weight
after the evaporation process.

Determination of antioxidative activity

Antioxidative activities of basidiocarp extracts were determined spectro-
photometrically (CECIL CE2501) by DPPH and ABTS tests.

DPPH assay

The free radical scavenging activity of extracts was based on the reduction
of a methanol solution of 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH®) (Blois,
1958). The reaction mixtures composed of 1,800.0 uL of 4% methanol solution
of DPPH® and 200 pL of extract at defined concentration (series of double
dilutions with ethanol from 16.0 mg/mL to 0.125 mg/mL) were mixed and shaken
vigorously. After 30 min of incubation in the dark, absorbance was measured
at 517 nm against methanol as a blank. The negative control contained all the
reaction reagents except the extract. Scavenging effect was calculated using
the equation:

DPPH scavenging effect (%) = ((Ac-Ag)/A¢) * 100

where A, — absorbance of the negative control; A — absorbance of the reaction mixture
(with samples at different concentrations). ECs, values (mg extract/mL) represent the
concentration of test samples or L-ascorbic acid (standard antioxidant) providing 50%
inhibition of DPPH radicals were calculated by interpolation of DPPH® absorbance curve
at 517 nm from linear regression analysis.

ABTS assay

This test was based on measuring the level of ABTS™ stock solution color
change in presence of antioxidants according to the procedure of Miller ef al.
(1993). The initial solution of ABTS cation radicals was prepared by dissolution
of 9.0 ug ABTS in 2.5 mL dH,0 and addition of 44.0 uLL 140 mM potassium
persulphate (K,S,0g) solution, 12 to 16 hours before use, while the stock solu-
tion was prepared immediately prior to measurement by dilution of the initial
solution with dH,O and adjustment of solution absorbance on 0.700 + 0.020 at
734 nm. The reaction mixture (1,500.0 pL of the ABTS stock solution and 15.0
uL of extract of concentration of 1.0 mg/mL) was incubated at room tempera-
ture for 4 min and absorbance change was measured at 734 nm. Distilled
water was used as a blank. Extract concentration required for ABTS cation
radicals reduction, equivalent to reduction of 1.0 mg/mL ascorbic acid (AAEC)
was determined using equation of calibration curve for ascorbic acid. ECs,
value (mg extract/mL) presents effective extract concentration that scavenges
50% of ABTS cation radicals and it is obtained by linear regression analysis.
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Determination of phenol and flavonoid contents

The total contents of soluble phenolic compounds in the extracts of fruiting
bodies were estimated using Folin-Ciocalteu reagent and gallic acid as stand-
ards according to the method described by Singleton and Rossi (1965). The
reaction mixture (1,000.0 pL of 10% Folin-Ciocalteu reagent and 200.0 pL of
sample in concentration of 1.0 mg/mL) was incubated for 6 min in dark and
thereafter 800.0 uL of 7.5% Na,CO; was added. The mixture was then vortexed
and incubated on a rotary shaker (100 rpm) in dark at room temperature for
2 hours. The absorbance was measured spectrophotometrically at 740 nm against
a blank (mixture without extract). The total concentration of phenols was pre-
sented as ug of gallic acid equivalent (GAE) per mg of dried extract using
equation of calibration curve for GAE.

Total flavonoid contents in extracts were determined using quercetin as
standard according to the method of Park ez al. (1997). The reaction mixture
(1,000.0 pL of extract in concentration of 1.0 mg/mL, 4,100.0 uL of 80% ethanol,
100.0 pL of 10% Al (NOs); x 9H,0 and 100.0 pL of 1.0 M water solution of
potassium acetate) was incubated in dark on a rotary shaker (100 rpm) and
room temperature for 40 min and thereafter absorbance was measured at 415
nm against blank (mixture which contained ethanol instead extract). Total
flavonoid content was expressed as pg of quercetin equivalent (QE) per mg of
dried extract using equation of calibration curve for QE.

Statistical analysis

All measurements were carried out in triplicate and the results are expressed
as mean + standard error. One-way analysis of variance (ANOVA) and Tukey's
HSD post-hoc test were performed to test any significant differences among
means. Statistical significance was declared at P < 0.01. All statistical analyses
were done using software STATISTICA, version 6.0 (StatSoft, Inc., Tulsa, USA).

RESULTS AND DISCUSSION

Extraction yields of Lenzites warnieri basidiocarps differed statistically
depending on solvent used for the extraction (P < 0.01). The highest extraction
yield was noticed when 96% ethanol was used as solvent (4.53 + 0.05%) while
the lowest yield was obtained in methanol (3.57 + 0.06%) (Table 1).

Table 1. Extractions Yields (%) of Lenzites warnieri basidiocarps

Solvent Extraction Yield (%)
96% Ethanol 4.53+£0.05
70% Ethanol 4.23 +0.04

Methanol 3.57+0.06
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Previous studies showed that biomass extractability strongly depends on
species, strain and solvent used for the extraction (Knezevi¢ et al. 2015). Thus,
it can be said that the obtained extraction yields using alcohols as solvents are
expected for Lenzites spp. basidiocarps or fungi belonging to family Polypo-
raceae, which usually ranges from 2.0% to 10.0% (Liu et al. 2014; Knezevi¢
et al. 2015 Ogidi et al. 2015). Compared to results of Oyetayo (2009) who
obtained extraction yield of 2.3% for Lenzites sp. basidiocarps using ethanol
as solvent, material used in our study exhibited double higher extractability.
However, Liu et al. (2013) showed almost the same extractability of L. betu-
lina basidiocarps in 96% ethanol as it was demonstrated for L. warnieri in our
study which was approximately 4.5%. Additionally, for fruiting bodies of L.
warnieri ethanol in both applied concentrations was better solvent than methanol.
The most likely explanation for this is the polarity of major compounds extractable
in alcohols, i.e. less polar compounds were present in higher quantities and
dissolved in ethanol with higher yields (Anwar and Przybylski, 2012).

Antioxidative activity of L. warnieri extracts was determined using two
parallel assays for the evaluation of free-radical scavenging activity, i.e., DPPH
and ABTS tests (Table 2). Tested extracts showed significant antioxidative
potentials which varied depending on solvent used for the extraction but also
applied assay. Scavenging activities of extracts, presented by ECs, values,
ranged from 3.08 £ 0.49 mg/mL to 6.57 £ 0.27 mg/mL. The highest antioxida-
tive capacities were noticed for both 96% ethanolic extract in ABTS assay (3.08
+0.24 mg/mL) and 70% ethanolic extract in DPPH assay (3.08 + 0.49 mg/mL).
The lowest activity was detected for 96% ethanolic extract in DPPH assay (6.57
+ (.27 mg/mL). L-ascorbic acid was far better free-radical scavenger compared
to extracts, i.e. ECsy value was 0.035 + 0.001 mg/mL (Table 2).

Table 2. Antioxidative activities of Lenzites warnieri basidiocarp extracts and commercial
antioxidant

Extracts and synthetic antioxidant EC50 (mg/mL)
DPPH assay ABTS assay
96% Ethanolic 6.57+£0.27 3.08 +£0.24
70% Ethanolic 3.08+0.49 447 +0.34
Methanolic 6.02 +0.99 492 +0.38
L-ascorbic acid 0.035 +0.001 0.247 £ 0.012

The tested extracts were good antioxidative agents, but compared to L-ascor-
bic acid, they showed lower scavenging activity. Results also indicated that
neutralization of free radicals depended on two factors and solvent used for
the extraction coupled with assay applied for the evaluation of antioxidative
activity. Regarding this, our results showed that scavenging effect of 70%
ethanolic extract on DPPH radicals significantly differed (P<0.01) from 96%
ethanolic and methanolic extract which did not show any statistically significant
difference in radicals neutralization. On the other side, there was no difference in
ABTS cation radicals’ neutralization between 70% ethanolic and methanolic
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extracts. Previous studies have also showed the antioxidative potential of Lenzites
species (Lee et al. 1996; Oyetayo 2009; Liu et al. 2013; Milovanovi¢ et al. 2015).
Compared to results of Oyetayo (2009), who demonstrated DPPH radical scav-
enging of L. betulina ethanolic extract for approximately 40% at concentration
of 1.0 mg/mL, our results for L. warnieri were quite similar (32.4 + 0.2 % at
1.0 mg/mL of ethanolic extract — data not shown). Some detailed studies showed
that separate fractions obtained from L. betulina basidiocarps exhibited much
higher antioxidative capacity than crude extract (Liu et al. 2013). This study
also showed that, compared to mycelial extracts of L. betulina, fruiting bodies
of L. warnieri possess higher capacity in DPPH radical scavenging (Milovanovi¢
et al. 2015).

Total phenol contents in extracts were significant compared to total fla-
vonoid contents which were very low (Table 3). The highest amount of phenols
was obtained after extraction with 70% ethanol (37.45 + 0.36 pg GAE/mg of
dried extract) while the lowest amount was detected in methanol extract (22.73
+ 0.05 pg GAE/mg of dried extract). Total amounts of flavonoids were negli-
gible and ranged between 1.91 £ 0.10 and 2.24 + 0.13 pg QE/mg of dried extract
(Table 3).

Table 3. Phenol and flavonoid contents in extracts of Lenzites warnieri basidiocarps

Extracts Total phenol content Total flavonoid content
(ug GAE/mg of dried extract) (ng QE/mg of dried extract)
96% Ethanolic 35.33 +0.53 2.24+0.13
70% Ethanolic 37.45+0.36 2.11 £0.06
Methanolic 22.73 +0.05 1.91+0.10

The degree of correlation between the DPPH and ABTS free radicals
scavenging activity of the extracts and phenol contents was very low with R?
of 0.238 and 0.344, respectively. Accordingly, there was no correlation between
DPPH radicals scavenging activity and flavonoids (R* = 0.0). However, the
level of ABTS cation radicals neutralization and flavonoids content was highly
correlated (R? = 0.837).

According to the large number of previous studies, phenols and tocophe-
rols have the main roles in the antioxidative activity of mushrooms (Staji¢ et al.
2013). These compounds are abundant and important constituents of basidio-
carps and our results showed significant total phenol content compared to
flavonoids. The mechanism of antioxidative action of phenols is based on the
presence of hydroxyl groups acting as reducing agents, metal chelators, hydro-
gen donors and singlet oxygen quenchers (Rice-Evans et al. 1996). Results for
L. warnieri phenolic contents were comparable with those of Oyetayo et al.
(2013) who detected similar content of phenols in L. betulina ethanolic extract
(35.3 and 30.0 pg GAE/mg of extract, respectively). Even though the detection
of total phenol content is the first step in characterization of extracts, search
for specific compounds in basidiocarps is a promising approach in evaluation
of antioxidative potential of macro fungi. Some compounds isolated from
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L. betulina basidiocarps, such as betulinan A and B, can significantly inhibit
lipid peroxidation (Smolibowska et al. 2016). Furthermore, according to Lee
et al. (1996) betulinan A isolated from L. betulina basidiocarps was about four
times more active as a radical scavenger than vitamin E in inhibition of lipid
peroxidation. Despite low correlation between total phenol contents and radi-
cals scavenging activity, which implies that some other compounds were re-
sponsible for neutralization of DPPH and ABTS free radicals, characterization
of phenolic compounds which can be isolated from L. warnieri basidiocarps
will be of a great importance. Additionally, even though total flavonoid content
in extracts was characterized as negligible, they were significantly responsible
for ABTS cation radicals’ neutralization.

CONCLUSION

Results showed for the first time that L. warnieri basidiocarps possess
significant antioxidative capacity correlated to phenol content in the extracts.
Further studies should focus on isolation, purification and determination or
description of specific bioactive compounds with free-radical scavenging activity.
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AHTHUOKCUIATHUBHA AKTHUBHOCT IIJIOAOHOCHUX TEJIA
Lenzites warnieri

Aunekcanpgap 3. KHEXEBWUR", iBan H. MUJIOBAHOBUR!,
Jenena b. BYKOJEBUR!

'Vuusepsurer y beorpany, buonomku daxynrer,
Taxoscka 43, beorpan 11000, Perry6nuka Cpouja

PE3UME: C 003upoM Ha YUEB-CHUITY /1a TJbHBE CHHTETHUIITY Pa3IndUTE BPCTE je-
JUHEHA C PA3NIMINTAM aHTHOKCHIATUBHUM MOTEHIM]aJIOM U JIa jé oTpara 3a HOBUM
MIPUPOAHUM AaHTUOKCHIAHCHMA TPEH/] y IaHAIIBIM HCTPaKUBambIMa, Moxe ce pehu na
j€ MOTITYHO OMPaBIaHO TECTHPAE HOBUX BpcTa. L{uib nCTpakuBarmba 01O je [1a ce UCIuTa
AQHTHOKCH/IATHBHH KalalUTeT eKCTpaKaTa MIIOJIOHOCHUX Tejla Lenzites warnieri KOpUcTe-
hu pa3nuunTe ekcTpakTaHTe. AHTHOKCUIATUBHHU KanaureT 96% eranoinHor, 70% etaHo-
HOT ¥ METaHOJIHOT eKcTpakTa je ogpehuBan ABTS (2,2’-a3nnun-0uc(3-eTmiden3oTuaso-
nuH-6-cyndoncka kucennna)) 1 DPPH (2,2-nudeHnn-2-nukpuia-xuapasuil) TECTOM.
Takole je onpehena ykymnHa koHueHTpanuja peHosa u GpraBoOHOUAA Y EKCTPAKTHMA Kao
exBuBanenara raiae kucennae (GAE) onrocHo kBepuetuHa (QE). Ha ocroBy ECs( Bpen-
HOCTH, 70% €TaHOIHU eKCTPAKT je II0Ka3a0 HajBUIIN aHTHOKCHIaTHBHHU Kananuter DPPH
tectoM (3.08 + 0.49 mg/mL) a 96% etanonan ekctpakT ABTS tectom (3.08 + 0.24 mg/mL).
MeTaHOTHH €KCTPAaKT UMAao je HajcIadujy aHTHOKCHIATHBHY aKTHBHOCT KOpHUIThemeM
oba tecta (6.02 + 0.99 mg/mL oxgnocuo 4.92 + (0.38 mg/mL). Pesynrtaru cy nmokaszaiu jaa
AHTHOKCHJATHBHHU KaNalUTeT eKCTPAKTA 3aBUCH O] EKCTPAKTaHTa U IPUMEHEHOT TECTa,
I1a Cy TaKo €TaHOJIHU EKCTPAKTH UMaJii Behn KananuTeT y Hey Tpaiu3aiuju ciio00 HIX
panukaina. Hajpeha koHieHTpaija ykynHux ¢eHosna je gerekroBana y 70% eTaHOTHOM
exctpakty (37.45 £ 0.36 pg GAE/mg cyBor ekcTpakTa) 0K je HajHHKa 3a0eseKeHa Y
METaHOIHOM eKkcTpakTy (22.73 + 0.05 ug GAE/mg cyBor ekcTpakTa). YKyIHa KOJTHYUHA
(raBoHOM 1A je OMIa 3aHEMapJHUBO Malla M KpeTasna ce y oncery o 1.91 + 0.10 no 2.24
+0.13 ng QE/mg cyBor ekcrpaxTa. JloOujenu pesyinraru nokasyjy na Lenzites warnieri
VMa 3HayajaH aHTHOKCHIATUBHU KaNalUTeT KOjH je HajBehuM /eoM y Kopenanuju ca
caapxkajeM ()eHOIa y eKCTPAKTY.

KJbYUYHE PEUM: Lenzites warnieri, aHTHOKCHAATHBHA aKTUBHOCT, IIJIOJOHOCHA
TeJa, eKCTPaKTH
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ANTIOXIDANT PROPERTIES OF SOYBEAN SEEDLINGS
INOCULATED WITH Trichoderma asperellum

ABSTRACT: This study was conducted in order to assess the effect of inoculation of
soybean (Glycine max L.) seeds with Trichoderma asperellum, followed by mites (Zetra-
nychus urticae) exposure on lipid peroxidation (LP) process and the activity of antioxidant
enzymes. 1. urticae is an occasional pest of soybean that causes biotic stress. Biotic stress leads
to overproduction of reactive oxygen species (ROS) which may cause damage to vital biomol-
ecules. Enzymatic antioxidant defense systems protect plants against oxidative stress. 7. as-
perellum is commonly used as biocontrol agent against plant pathogens. It has been suggested
that previous inoculation of seeds with 7. asperellum may cause induced resistance against
biotic stress. The aim of this study was to determine LP intensity and antioxidant enzymes
activity in inoculated and non-inoculated soybean seedlings with and without exposure to
mites. Noticeably higher LP intensity was detected in non-inoculated group treated with mites
compared to control group. Inoculated soybean seedlings treated with mites had lower LP
intensity compared to non-inoculated group. Also, it has been noticed that inoculation with
Trichoderma asperellum itself, produced mild stress in plants. In addition, positive correlation
between enzymes activity and LP was noticed. The level of oxidative stress in plants was fol-
lowed by the change of LP intensity. According to results obtained, it was concluded that the
greatest oxidative stress occurred in non-inoculated group treated with mites and that inocula-
tion successfully reduced oxidative stress. The results indicate that inoculation of soybean
seeds with T. asperellum improves resistance of soybean seedlings against mites attack.

KEYWORDS: antioxidant systems, Glycine max L., oxidative stress, Tetranychus
urticae, three-way-interaction, Trichoderma asperellum

INTRODUCTION

Biotic and abiotic stresses are the main problems that are affecting agri-
cultural losses (Borges et al. 2014). Biotic stress is the pressure posed on plants
by living organisms (Volkov, 2006). Tetranychus urticae Koch, commonly
known as two-spotted spider mite, is a rather polyphagous pest. This mite, with
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a worldwide distribution, feeds on various species of plants, attacking more than
200 host plants, vegetables, ornamentals, fruit trees, soybean, cotton, beans
etc. The two-spotted spider mite has been considered as a pest on soybean,
causing serious damage (Raymjou et al. 2009).

The need for high and quality agricultural production has led to an excessive
use of chemical fertilizers, causing serious environmental pollution. Bioferti-
lizers and biopesticides are used as an alternative for maintaining high production
with low ecological impact. Different soil-borne bacteria and fungi are able to
colonize roots and may have beneficial effects on the plant (Hermosa et al.
2012). Trichoderma species are free-living fungi in soil and root ecosystems
(Contreras-Cornejo et al. 2009) and one of the most commonly used biological
control agents against plant pathogens (Segarra et al. 2007). Colonization of roots
by certain bacteria and fungi may cause induced systemic resistance (ISR). It
was recently proposed that Trichoderma, a genus of filamentous fungi, also
affects ISR in plants (Shoresh et al. 2005). During colonization of roots, the
remarkable range of lifestyles and interaction between 7. asperellum and other
fungi, animals and plants is displayed (Druzhinina ez al. 2011).

In response to pest invasion, plants product reactive oxygen species (ROS)
such as superoxide, hydrogen peroxide, hydroxyl radicals and singlet oxygen
(Farouk and Osman, 2012). ROS are highly reactive and in absence of any protec-
tive mechanism they can seriously damage vital biomolecules such as lipids, pro-
tein and nucleic acids (Meloni et al. 2009). Consequence of lipid peroxidation (LP)
is a loss of membrane integrity. One of the final products of lipid peroxidation is
malondialdehyde (MDA), which is considered as indicator of oxidative damage
(Kotchoni et al. 2006). To mitigate the oxidative damage induced by ROS, plants
have developed enzymatic antioxidant defense systems, which include enzymes
such as superoxide dismutase (SOD), catalase (CAT) and guaiacol peroxidase
(GPX) (Azevedo Neto et al. 2006). SOD catalyses the dismutation of O, to H,0O,,
catalase (CAT) dismutates H,O, to oxygen and water (Gara et al. 2003) and
GPX decomposes H,O, using guaiacol as substrate (Azevedo Neto et al. 2006).

The purpose of this work was to study the effect of inoculation of soybean
(Glycine max L.) seeds with Trichoderma asperelium, followed by mites (7et-
ranychus urticae) exposure, on lipid peroxidation (LP) and antioxidant enzymes
activity in inoculated and non-inoculated soybean seedlings after insect attack.
Secondly, the aim was to assess beneficial affect of inoculation itself, before
mites attack.

MATERIALS AND METHODS
Material and experimental design

The experimental design included two groups of soybean plants — a con-
trol and another, inoculated with 7. asperellum. Soybean seeds (Glycine max L)
cv. Maximus were obtained from the Institute of Field and Vegetable Crops,
Novi Sad (Serbia). Seeds were inoculated before sowing by submersing into
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inoculum of 7. asperellum (120 seeds were submersed into 60 ml of inoculum
for 30 minutes). Control seeds were submersed in water. Seeds were cultivated
in a controlled climate chamber at 28 °C, 60% relative humidity, a photoperiod
of 18 h and a light intensity of 10,000 Ix, in plastic pots containing sterile soil.
Young plants were grown for three weeks, after that period one half of control
and one half of inoculated soybean plants were exposed to mites (10—15 indi-
viduals per plant) during another 12 days. After 33 days, plant material (leaves
and roots) for biochemical analyses were sampled.

Inoculum preparation

Trichoderma sp. strains were isolated using Potato-Dextrose agar (Difco)
by employing the serial dilution plate technique. The media were solidified
with 1.6% agar and pH 5,4 was adjusted with 1 M HCIl before autoclaving at
121 °C for 15 min and added chloramphenicol at 1 g per liter. The plates were
incubated for 7-14 days at 28 °C and then checked for sporulation (optical mi-
croscope, Olympus, KHC, Japan). Selected Trichoderma sp. strains were grown
on the same medium. The plates were incubated at 20+2 °C and sporulation
results were recorded after 14 days by visual assessment. The plates were flooded
with sterile physiological solution and the resulting spore suspension was har-
vested. The spore suspension was adjusted to 1x10° spores ml™', determined by
spore counting in Neubauer chamber.

Insect

Tetranychus urticae Koch, commonly known as two-spotted spider mite,
has been considered as a pest on soybean, causing serious damage (Razmjou
et al. 2008). For experimental use 7. urticae was taken from the Faculty of
Agriculture, University of Novi Sad.

Biochemical assays

For the determination of the oxidative stress parameters, one g of fresh plant
material was homogenized with 10 ml of phosphate buffer (0.1 M, pH 7.0). After
centrifugation at 15,000 g for 10 min at 4 °C aliquots of the supernatant were
used for biochemical assays. Lipid peroxidation was measured at 532 nm using
the thiobarbituric acid (TBA) test (Mandal ez al. 2008). The total amount of
TBA- reactlve substances was given as nmol malondialdehyde (MDA) equiv-
alents g fresh weight. Superoxide dismutase (SOD) (EC 1.15.1.1) activity was
assayed according to the method by Mandal ef al. (2008) slightly modified by
measuring its ability to inhibit photochemical reduction of nitro blue tetrazolium
(NBT) chloride. One unit of the SOD activity was defined as the amount of en-
zymes required to inhibit reduction of NBT by 50%. Catalase (CAT) (EC 1.11.1.6)
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activity was determined according to Sathya and Bjorn (2010). The decompo-
sition of H,O, was followed as a decrease in absorbance at 240 nm. Peroxidase
(EC 1.11.1.7) activity was measured using guaiacol (guaiacol peroxidase; GPx)
as substrate according to Morkunas and Gmerek (2007). The activity of the
enzymes was expressed as U g of fresh weight.

Statistical analyses

Values of the biochemical parameters were expressed as standard error
of the mean of determinations made in triplicates and tested by ANOVA fol-
lowed by comparison of the mean by Duncan’s multiple range test (P<0.05).
Data were analyzed using STATISTICA for Windows version 11.0.

RESULTS AND DISCUSSION

This work was performed to reveal how isolate of 7. asperellum affects anti-
oxidant properties of soybean plant response to biotic stress such as mites attack.
On the other hand, second aim was to reveal how stressful was inoculation itself
for plants, without exposure to mites. Leaves and roots extracts were sampled.

Biotic and abiotic stress leads to overproduction of reactive oxygen species
(ROS). ROS affect many cellular functions by damaging biomolecules and caus-
ing lipid peroxidation (Esfandiari ef al. 2007). The main end-product of LP is
MDA. LP was followed up by detected amount of MDA. Significantly higher
LP intensity was detected in non-inoculated group treated with mites compared
to control group. Hildebrand et al. (2014) recorded increase in LP of two soybean
genotypes injured by 7. urticae. Inoculated soybean seedlings treated with
mites had lower LP intensity compared to non-inoculated group (Figure 1).

Bi and Felton (1995) proposed that an oxidative response also occurs fol-
lowing attack by herbivores. The antioxidant enzymes represent a first line of
defense against ROS (Sharma et al. 2012). Since SOD is an inducible enzyme
whose activity is elevated under conditions of biotic stress, the level of oxidative
stress in plants was observed by the change in the SOD activity. Furthermore,
CAT and GPx activity were followed. Positive correlation between enzymes
activity (SOD and GPx) and LP was noticed. The statistically significant increase
in activity of SOD and GPx was also detected in non-inoculated group treated
with mites compared to control group. Gupta et al. (1993) recorded an increase
in SOD activity under oxidative stress. Data presented by Farouk and Osman
(2012) indicate significant increase in peroxidase activity with mites invasion
compared to control. Inoculated soybean seedlings treated with mites had lower
enzymes activity compared to non-inoculated group (Figure 2 and Figure 3).
In leaves, the statistically significant decrease in CAT activity was recorded in
both groups treated with mites compared to control. Farouk and Osman (2012)
showed significant decrease in CAT activity due to mites infestation. Habber-Weiss
reaction generates hydroxyl radicals from H,O,, which could explain decreased
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catalase activity in infested plants (Farouk and Osman, 2012). In addition, the
inhibition of enzymes activity may be consequence of enhanced oxidative
stress caused by biotic stress, in this case — mite attack (Dewanjee et al. 2014).
On the other hand, in roots statistically significant decrease in CAT activity
was detected in inoculated group, comparing both infested groups (Figure 4).
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Figure 1. LP intensity (nmol MDA g fresh weight) in leaves and roots of soybean seedling.
Results marked with different letters differ significantly at P<0.05 (Duncan’s test).

innrulaten whit o
arper el senosed 1o i}
mites

e fenrdatedd
axposed to mitcs

Trecapadinal et webal T,

h
cspr ey
Cradeedl a
o200 400 and /0N
Ueg-1FwW
B lsaves

innrulaten whit o
arper el senosed 1o o
mites

e fenrdatedd
axposed to mitcs

Trecapadinal et webal T,

b
cspr ey
Cradeedl a
nonn 100 1 200
UE-1FW
W roots

Figure 2. SOD activity (U g fresh weight) in leaves and roots of soybean seedlings.
Results marked with different letters differ significantly at P<0.05 (Duncan’s test).
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Figure 3. GPx activity (U g fresh weight) in leaves and roots of soybean seedlings.
Results marked with different letters differ significantly at P<0.05 (Duncan’s test).
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Figure 4. CAT activity (U g fresh weight) in leaves and roots of soybean seedlings.
Results marked with different letters differ significantly at P<0.05 (Duncan’s test).

Plant symbiont, opportunistic, avirulent organisms such as Trichoderma
strains are promising fungal biological agents (Brotman et al. 2013). The ben-
eficial effects of Trichoderma are based on complex of different mechanisms
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such as mycroparasitism, competition, production of antibiotic etc. (El_Komy
et al. 2016). Trichoderma strains can stimulate plant growth by suppressing plant
diseases or insect herbivory, directly through antagonism or indirectly by elic-
iting a plant-mediated resistance response. Systemic defense responses that are
triggered by beneficial microorganisms are controlled by a signaling network
which includes plant hormones salicylic acid (SA), jasmonic acid (JA) and
ethylene (ET) (Van Wees et al. 2008). Relatively little is known about defense
mechanisms and it is assumed that activation of a signaling cascade activates
callose deposition, programmed cell death, production and accumulation of
antimicrobial reactive oxygen species and secondary metabolites (Brotman et
al. 2013). Results from this study showed small increase in LP intensity, SOD
and GPx activity in inoculated plants without exposure to mites, compared to
control. Thus, mild stress was detected. Lichtenthaler (1996) stated that stress
is a factor that improves resistance and adaptive evolution.

CONCLUSIONS

According to obtained results, it could be concluded that inoculation with
T. asperellum decreases LP intensity, SOD and GPx activity in group of plants
treated with mites. Following the increase of LP, SOD and GPx activity, it was
concluded that the greatest oxidative stress occurred in non-inoculated group
treated with mites and that inoculation successfully reduced oxidative stress.
In addition, CAT activity decreased in both infested groups, which could be
explained by saturation of scavenging system in such stress conditions. Sec-
ondly, it has been noticed that inoculation with plant growth-promoting fungi
T. asperellum itself, produced mild stress in plants. Thus, it seems that mild
oxidative stress was beneficial to soybean seedlings. Under such conditions
(plant-microorganism interaction after inoculation) plants developed molecu-
lar mechanisms to better cope with next stress factor, such as insect attack,
becoming more resistant to increased production of ROS. The obtained results
support the idea that inoculation of soybean seeds with 7. asperellum improves
resistance of soybean seedlings against mites attack.
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AHTHUOKCUJATUBHA CBOJCTBA CAJJHUITA COJE
NHOKVYJIMCAHUX CA Trichoderma asperellum

Ana C. MAHOJJIOBUR, Bophe P. MAJIEHUYNh, Joana T. ILIYRAYP,
Cumonnpa C. BYPU'R, Anekcanapa I1. IETPOBUR, UBana JI. UBAHOBU'h

Yuusepsuter y HoBom Cany, [lossonipuBpentn dakyirer,
Tpr Hocuteja O6pamosuha 8, Hosu Canx 21000, Perry6nuka Cpouja

PE3UME: Crynuja je cipoBesieHa y iHJby TpolieHe e(heKTa MHOKYJIaIUje ceMe-
Ha coje (Glycine max L.) ca Trichoderma asperellum na nunuaHy epOKCUAALN]Y U
AKTHBHOCT aHTHOKCHJIATUBHUX eH3MMa npaheHa Hanagom rpuma (Tetranychus urticae).
T urticae je yobn4ajHa MITETOYMHA KOja HaIaaa cojy U y3poKyje OMOTHYKH CTpec.
BuoTtuuku cTpec 10BOAU 10 XUIIEPIPOAYKIH]je peaKTUBHUX KUCceOHUUHUX BpcTa (ROS)
KOje MOT'y ITpoy3pokoBaTH omrtehema BuTaHnx Onomosnexyina. EH3NMCKH aHTHOKCH-
JIATUBHU 0710paMOEHU CHCTEM IITUTH OMJbKE 01 OKCHIATUBHOL cTpeca. 1. asperellum
CE YeCTO KOPUCTH KA0 OMOKOHTPOIHH arcHC NPOTHB OMJbHIX maroreHa. CyrecTupaHo
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je Ja nmpeTxojHa nHOKYyJanuja cemena ca 1. asperellum Moxxe U3a3BaTu UHIYKOBAHY
PE3UCTEHIIM]jy TPOTUB OnoTHYKor cTpeca. L{uib oBe cTyamje 6uo je na ce yTBpIu UH-
TEH3UTET JIUIHIHE IEPOKCUAIM]E U aKTUBHOCTH AaHTUOKCHIATUBHUX €H3UMa Y HHOKY-
JIMCaHUM ¥ HEMHOKYJIMCaHUM CaJIHUIIaMa coje ca 1 0e3 u3narama rpumbama. [IpuMeTHo
BehM MHTEH3UTET JIMIIUHE IEPOKCHIAIM]e je JeTEKTOBaH Y HeHHOKYJIHCAHO] TPy IH
TPETUPaAHO] TPHbaMa y OTHOCY Ha KOHTPOJIHY Ipy1y. IHOKy/HcaHe caJiHULIE TpeTUpaHe
IpumbaMa uMajle Cy Mamby HHTEH3UTET JIMITUAHE epOKCHIaLje y opelery ca HenHo-
KyJiucaHoM rpynom. Takole je youeHo fja cama MHOKyauuja ca 1. asperellum npoussonu
Oaru cTpec kox Orbaka. [lopen Tora, mo3uTHBHA Kopearuja n3Mel)y TumnuHe nepok-
CHaIyje ¥ eH3UMCKe aKTUBHOCTH je mpumehena. HuBo okcrmaTuBHOT cTpeca y Onsbkama
je nmpaheH TpOMEHOM MHTEH3UTETa JIUIUIHE Niepokcuaanmje. [Ipema nodujeHnM pesyi-
TaTHMa 3aKJbYUYCHO je J1a Ce HajBehu OKCUIATHBHU CTPEC JIOTOIMO Y HEMHOKYJIUCAHO]
IPyIH TPETUPAHO] TPUEbaMa U J1a je MHOKYJIalija YCIEIIHO peyKoBaia OKCHAaTHBHH
cTpec. Pesynraru nokasyjy 1a HHOKyJalmja ceMena ca 1. asperellum nocrnenryje oTmop-
HOCT CaJIHULIA cOje TPOTHUB Halaaa Ipuba.

KJbYUHE PEUU: antuokcunatuBuu cucremu, Glycine max L., OKCUAaTUBHU
crpec, Tetranychus urticae, Trichoderma asperellum, TpocTpyKka HHTEpaKIIUja
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EFFECT OF NITROGEN SOURCES ON
THE PRODUCTION OF ANTIFUNGAL METABOLITES
BY Streptomyces hygroscopicus

ABSTRACT: Biotechnologically produced antifungal compounds for control of plant
diseases caused by phytopathogenic fungi represent a promising alternative to synthetic
pesticides. Fungi from the genera Alternaria and Fusarium are listed among important storage
pathogens of apple fruits. A. alternata causes significant annual losses of apple fruit. Also,
F. avenaceum is one of the most commonly encountered Fusarium species identified as the
causal agent of a wet apple core rot. Species of the Streptomyces genera are soil bacteria that
produce significant quantities of bioactive compounds in appropriate media. Defining the
culture medium composition is the basis of bioprocesses development. Nitrogen source is
critical component of cultivation medium and also the most useful tool for stimulation of
the antifungal metabolites production. The aim of this study was to select the best nitrogen
sources in medium for the production of antifungal compounds effective against 4. alternata
and F. avenaceum by S. hygroscopicus. Activity of the cultivation liquids on 4. alternata
and F. avenaceum isolates was tested in vitro using well diffusion method. The results in-
dicate that maximum inhibition zone was reached in medium with soybean meal as nitrogen
source with inhibition diameter more than 35 mm for both tested fungi.

KEYWORDS: Alternarit alternata, antifungal metabolites, Fusarium avenaceum,
nitrogen source, Streptomyces hygroscopicus

INTRODUCTION

The increasing concern for environmental protection and demand for
organic farming prompt research towards alternative control measures, such
as the use of natural antagonists to biologically control plant pathogens (Kani-
ni et al. 2013). Biological control methods have been recommended to protect

* Corresponding author. E-mail: tadi@uns.ac.rs
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vegetable and fruit crops from diseases and pests, due to the adverse impact of
chemical pesticides. Apple fruits are available on the market all year round and
their safety is of great importance for the consumers. Unfortunately, many phy-
topathogenic fungi can cause apple diseases. Alternaria spp. are cosmopolitan
fungi and can occur in a variety of food products, where they can produce several
types of biologically active metabolites or mycotoxins harmful to human health
(Pavon et al. 2015). Several different Alternaria spp. are associated with moldy
core in apples while dry core rot is mostly linked to a single species, A. alter-
nata (Serdani et al. 2002). They can grow at low temperature, hence they are
generally associated with extensive spoilage during refrigerated transport and
storage (Lopez et al. 2016).

Fusarium rot of apples and other fruits occurs while they are stored and
shelved (Tadijan et al. 2016). F. avenaceum apple disease is characterized by
a white, rose or reddish mycelium developing initially in the apple core and a
light-brown wet rot spreading destructively into the surrounding cortex of
infected apples (Sorensen et al. 2009). Chemical treatment of ripe fruit has many
serious side-effects, such as leaving residues and sometimes causing fruit
injury, in addition to the presence of offensive odors under modified storage
conditions (Batta, 2004; Grahovac et al. 2014).

Microbial antagonists have been widely studied as biological control agents
for the last several years, and Streptomyces spp. are known to be greatest sources
of bioactive metabolites (Singh and Rai, 2012; Grahovac et al. 2015). S. hygro-
scopicus 1s actinomycetes that showed very good potential for production of
different antimicrobial components (Lee et al. 1997; Sadhasivam et al. 2010;
Shamim et al. 2004). Nature and concentration of some components in fer-
mentation medium have a significant effect on anti-mycotic agents production.
Influence of particular nutrients on the anti-mycotic biosynthesis is determined
by the chemical structures of anti-mycotic substances. When carbon or nitro-
gen source is a limiting factor, growth is rapidly reduced and anti-mycotic
biosynthesis takes place in the stationary phase. In other cases, anti-mycotic
production is associated with the growth phase. Thus, some nitrogen sources
can be incorporated in anti-mycotic molecules as precursors or their amino
groups transfer to specific intermediate products (Gesheva et al. 2005).

The culture medium should provide energy, carbon and nitrogen sources,
and minerals for cellular growth and natural product biosynthesis. As a nitrogen
source, some Streptomyces spp. can use amino acids like aspartate, arginine,
and histidine (Lee et al. 1997) or phenylalanine, isoleucine, methionine, and
tyrosine (Singh ez al. 2008). Streptomyces spp. can also use some organic and
inorganic nitrogen sources for growth and production of antimicrobial com-
ponents. Ripa et al. concluded that the highest activity of Streptomyces sp.
RUPA-08PR was obtained with yeast extract as a nitrogen source (Ripa et al.
2009). Adinarayana et al. in their research discovered that among the nitrogen
sources, corn steep was best followed by soybean meal and sodium glutamate,
while sodium nitrate and soya peptone showed similar titers (Adinarayana et
al. 2003). According to Ueki et al. soybean meal is also considered a suitable
medium component for antibiotic production by S. capoamus (Singh and Rai,
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2012). In general, cultivation medium should contain nutrients easily available
in the market and, if possible, relatively inexpensive (Ortiz ef al. 2007).

In accordance with the previous facts, there is diversity in nitrogen sources
that can be metabolized by different Streptomyces species. Thus, each research
should start with defining the culture medium composition, especially carbon
and nitrogen sources as the most important macronutrients for each bioprocess.
In the present study, the ability of Streptomyces hygroscopicus to assimilate
different nitrogen sources and produce high-value metabolic compounds with
antifungal activity against Alternaria alternata and Fusarium avenaceum was
investigated.

MATERIALS AND METHODS
Fungal pathogen

Isolates of 4. alternata and F. avenaceum were obtained from apple fruit
samples expressing rot symptoms. Apple samples were collected during 2012 from
ultra low oxygen storages in the Province of Vojvodina, Serbia. The pathogen
was identified according to pathogenic, morphological, and ecological charac-
teristics. The isolates were initially grown on PDA (potato dextrose agar) plates
for seven days. After seven days, a small amount of mycelium of each isolate
was added to flasks containing 50 ml of potato dextrose broth. The flasks were
incubated for 48 hours on a rotary shaker (150 rpm) at 25 °C. Before use, culture
liquid was filtered through the double layer of sterile cheesecloth.

Antifungal component production

Microorganism producer, S. hygroscopicus, was isolated from the natural
environment and stored in the Microbial Culture Collection of the Faculty of
Technology in Novi Sad. The medium used for the growth of production mi-
croorganism had the following composition (g/L): glucose (15.0), soybean meal
(10.0), CaCOs, (3.0), NaCl, (3.0), MgSOy, (0.5), (NH4),HPOy4, (0.5), and K,HPO,,
(1.0). The pH of the medium was adjusted to 7.2 + 0.1 prior to autoclaving.

For the preparation of the fermentation medium, the following ten nitrogen
sources were used: yeast extract, peptone, soybean meal, L-aspartic acid, meat
extract, NH,Cl, NH,;NO;, NaNO;, KNO;, and (NH,4),SO,4. Other components
were the same as in the medium used for growth. The pH of medium was ad-
justed to 7.2+0.1 prior to autoclaving. The isolate was grown in a 100 ml shake
flask containing 30 ml of the culture medium. The fermentation medium was
inoculated with 10% (v/v) of a preculture after 48 hours of growth and incubated
at 26 £ 1°C for 7 days under conditions of spontaneous aeration. Rotary shaker
(IKA KS 40001 Control Incubating Shaker) at 150 rpm was used for the mixing
of fluids during the cultivation. After cultivation, the sample of the cultivation
medium was centrifuged at 10,000 g for 10 min (Eppendorf Centrifuge 5804,
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Germany) and the supernatant of the cultivation medium was used for in vitro
antagonistic activity assay.

In vitro antagonistic activity assay

In vitro antagonistic activity assay was performed in Petri plates using
well diffusion method (Segy, 1983). In short, two layers of PDA medium were
spread on plates. The first layer consisted of 2% PDA medium. After solidifi-
cation, a new layer composed of 1.2% PDA and filtered fungal culture liquid
(35%) was added. Three wells with a diameter of 10 mm represented one treat-
ment. For each treatment, 100 pl of test liquid was added in each well. The
treatments included: supernatant of S. hygroscopycus cultivation medium and
sterile distilled water as negative control treatment. After 72 hours of incuba-
tion at 27 °C, the diameter (mm) of mycelia growth inhibition zone around
wells was measured.

Data analysis

The obtained data were processed by factorial ANOVA using Software
Statistica 12 (Statistica, 2012). Duncan’s multiple range test was used to test
significance of differences (p<0.05) between mean values of measured diam-
eter of inhibition zones.

RESULTS AND DISCUSIONS

Designing an appropriate fermentation medium is crucial in the produc-
tion of antifungal agents. Two most critical components of nutritional medium
for any fermentation process — carbon and nitrogen sources — are the most
useful tools to improve or to stimulate the production of antifungal metabolites.
Nitrogen source is required for the synthesis of microorganism cells and as an
energy source. Also, biomass yield and cell morphology are strongly influenced
by nitrogen source.

In order to examine the growth of S. hygroscopicus and production of
antifungal metabolites against 4. alternata and F. avenaceum on different
nitrogen sources, shake flask cultures were carried out. The selection of most-
ly used nitrogen sources in biotechnological production was tested (Wu et al.
2008; Ripa et al. 2009). As expected, the evaluated treatments had significant
(p<0.001) influence on the mycelial growth inhibition zone diameter (mm) for
both tested fungi. Results presented in Table 1 and Table 2 are mean values of
three repetitions of inhibition zone diameter. The mean values with the same
lowercase letters in the column inhibition zone diameter (mm) are not signifi-
cantly different at 5% level of probability.
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Table 1. Effect of different nitrogen sources on the inhibition zone diameter after 72 hours
incubation at 27 °C and significance of differences at 5% level probability for 4. alternata

Nitrogen source Inhibition zone diameter (mm)
L-aspartic acid 2333%
KNO, 24.33 %
(NH4),SO, 25.00°
NH,CI 25.00°
Meat extract 2533*
NaNO; 25.67°
NH,NO; 29.33°
Peptone 29.33°
Yeast extract 29.33°
Soybean meal 38.33°

Duncan’s multiple range test showed that the highest efficiency against
A. alternata isolate was obtained by S. hygroscopicus cultivated in medium
containing soybean meal as a nitrogen source (inhibition zone diameter was
38.33 mm), compared to all other nitrogen sources (Table 1). Singh et al. in their
research confirmed that of all examined nitrogen sources, soybean meal was
found to be the best nitrogen source for growth, as well as for antimicrobial
agent production by Streptomyces sp. A2D (Singh et al. 2009). Also, Wu et al.
reported that soybean meal was an excellent nitrogen source for production of
fungichromin by S. padanus PMS-702 (Wu et al. 2008). In general, nitrogen
from soybean meal derivatives are extensively utilized in the fermentation
processes (Portera and Jones, 2003; Ortiz et al. 2007).

Minimum inhibition zone diameter was obtained with L-aspartic acid and
KNO; as nitrogen sources in the medium. Similarly, Adinarayana et al. in their
research confirmed that, compared to other tested nitrogen sources, lower
neomycin titres were observed with L-aspartic acid using S. marinensis as
microorganism producer (Adinarayana et al. 2003). Medium supplemented
with (NH4),SO4 and NH,CI gave similar results followed by meat extract and
NaNO;. Peptone, yeast extract and NH4;NO; gave the same inhibition zone
diameter of 29.33 mm.

However, some nitrogen sources have better influence on the biomass
growth, thus prolonging exponential phase and shortening the stationary phase
of production. Considering that antifungal components are usually secondary
metabolites, shorter stationary phase can reduce production of antifungal sub-
stances. On the other hand, some nitrogen sources can be incorporated in anti-
fungal molecules as precursors and stimulate antifungal components production
(Gesheva et al. 2005).

Therefore, the results shown in Table 1 indicate that the tested isolate of
S. hygroscopzcus shows great potential as a tool for the biological control of
Alternaria rot in apple, and the medium containing few different nitrogen
sources ensures its high activity (inhibition zone diameter > 25 mm).
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Table 2. Effect of different nitrogen sources on the inhibition zone diameter after 72 hours
incubation at 27 °C and significance of differences at 5% level probability for . avenaceum

Nitrogen source Inhibition zone diameter (mm)
KNO; 19.67%
NaNO; 22.00
(NH,),SO4 22.00 %
L-aspartic acid 25.67 <
NH,NO; 25.67 <
NH,CI 25.67
Peptone 26.67 4
Meat extract 27334
Yeast extract 27.33¢
Soybean meal 35.67 ¢

Similar results were obtained for test microorganism F. avenaceum (Table
2). The minimum inhibition zone diameter was observed with medium containing
KNOs as a nitrogen source followed by NaNOs and (NH,4),SO,. The inhibition
zone diameter over 25 mm was obtained with cultivation medium containing
L-aspartic acid, NH4NOs;, NH,CI, peptone, meat extract, and yeast extract.
Medium containing soybean meal as a nitrogen source showed statistically
bigger inhibition zone diameter (35.67 mm) compared to all other nitrogen
sources.

Inhibition zones formed around wells with 100 pl of S. hygroscopicus
cultivated in medium with soybean meal as a nitrogen source in the medium
are shown in Figure 1. Figure 1A represents test fungi 4. alternata and Figure
1B represents test fungi F. avenaceum after 72 hours of incubation at 27 °C.
Figures A2 and B2 are control for each test fungi.

Al

Figure 1. Inhibition zones formed around wells with 100 pl of S. iygroscopicus with soybean meal
as a nitrogen source for A. alternata (Al) and F. avenaceum (Bl). A2 and B2 are control plates.

The results presented in Table 1 and Table 2 show that organic sources of
nitrogen as peptone, yeast extract, and soybean meal gave better inhibition zone
diameter for both tested fungi compared to inorganic sources. Also, Abou-Zeid
et al. concluded that soybean meal and peptone are the best organic nitrogen

188



sources for production of oxytetracycline by a strain S. rimosus 93060 (Abou-Zeid
et al. 1981).

Thus, the composition of the soybean meal is important factor for the
production of antifungal agents, because soybean meal is a complex mixture of
proteins (about 50%), carbohydrates (oligosaccharides and fiber 30%), fat (1%)
and lecithin (1.8%) (Cheryan et al. 1997). Asparagine, glutamine, leucine, argi-
nine, lysine, and serine are the most common amino acids present in soybean
meal and it can be assumed that some of these acids are the key nitrogen donors
for biosynthesis of antifungal compounds (Portera and Jones, 2003). The larg-
est part of soybean meal consists of proteins, which represent a nitrogen source,
followed by carbohydrates and then lipids. The lipid substances in soybean
meal can contribute to the stability of the cell wall during fermentation, reducing
the rate of cell lysis and allowing better fermentation (Cheryan et al. 1997).

However, soybean meal is a cheap raw material, which is certainly an
advantage compared to the other organic nitrogen sources, and this fact is
particularly important for biotechnological production.

CONCLUSION

The present study showed that naturally occurring actinomycete have a
great potential to assimilate different nitrogen sources and produce high-value
metabolic compounds with antifungal activity against A. alternata and F. ave-
naceum. In this case, both inorganic and organic nitrogen sources produced
reasonable amount of antifungal metabolites but the highest activity was obtained
with organic sources, especially soybean meal.
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YTULIAJ U3BOPA A3OTA HA ITPOU3BOABHY AHTUDOYHI'AJTHUX
METABOJIUTA TTIPUMEHOM Streptomyces hygroscopicus

Usana K. MUTPOBUR', Jopana A. TPAXOBALL', Jenena M. JIOAUR',
Cunuma H. JOJJUR!, Muna C. TPAXOBAII?

"Vausepsuter y HoBom Cany, Texuomomku daxynter, JlemapTman 3a
OMOTEXHOIIOTH]Y U (hapMaIleyTCKO HHKEHEPCTBO,
Bynesap napa Jlazapa 1, Hosu Can 21000, Perry6nuka Cpouja
> Vuusepsutet y HoBom Caﬂy, HomoanBpean ¢dakynreT, [lenapTMan 3a
(buTOMEIUIINHY U 3aIITHTY )KUBOTHE CPEINHE,
Tpr Hocuteja O6pamosuha 8, Hosu Cax 21000, Perryosinka Cpouja

PE3VME: 3abpaHa npuMeHe CHHTETHYKHX (YHTHIIAIA Y BpeMe 3pema u oepoe,
Op3a mojaBa Pe3UCTCHTHHX JSIUHKH U IITETaH YTUIA] HA 3IPaBJbEC JbYIH, JOBEIIH CYy 110
nioBehama MHTepeca 1 jJaBHOCTH U CTPYyKe 32 yBo)eme aaTepHaTHBHUX Mepa 3alliTHTE Oniba
IJIe 3aCIIY)KEHO MeCTO HaJslaze Ouosomky npenaparu. [11ogoBu jabyke Cy TOKOM 4MTaBe
TO/IMHE MTPUCYTHH Y UCXPaHU e U OJPaciIiX Te je KBAJIUTET U 37jpaBCTBEHa Oe30eTHOCT
OBHX HaMHPHHMIIA OJ] M3Y3E€THOT 3Hadaja. TOKOM Bereranuje ¥ TOKOM YHTaBOT MEpHO/Ia
CKJIQIMIITEHa, TPAHCIIOPTA U MIPOJIaje, INIOAOBH jaOyKe CY IMOI0KHU HH(EKIIHjU Pa3iu-
YUTUM [TATOreHUM IVbiBama. Mel)y 3HauajHUM, aJii He ¥ TIOBOJHHO MCITUTAaHUM H3a3UBaYNMa
OomecTn jabyka TIOMHY ce TJbHBE U3 pofioBa Alternaria v Fusarium. Alternaria alternata
MIPOY3pPOKYyje 3HaUajHE TOANIIHE TYOUTKE MiIonoBa jabyka. Takohe, Fusarium avenaceum,
BpCTa KOja je TMOTEHIHjaTH! POMN3BOad HEKOIMKO MHUKOTOKCHHA, TOMIHAHTAH je y3-
POYHHUK TPYJICKH II0a jabyKe HAKOH CKIaguITema. O CBUX 6I/IOHGCTI/IHI/IHa JIOCTYTI-
HUX Ha CBETCKOM TPI)KHILTY, OMONICCTUIIUIU Ha Oa3u MHKPOOpraHH3ama I/IMa_]y yI€0 011
30%. AxTUHOMHUIIETE poja Streptomyces MPEACTaBIbA]y MOTSHIM]aJIHO 3HaYajHy TPYIy
MHUKpPOOpraHu3amMa 3a PON3BO/Iby OMOAKTHBHUX KOMIIOHEHTH Ha oAroBapajyhoj XpaHJsbu-
BOj nozyio3u. JlepuHucame KyITHBALMOHOT ME/IMjyMa MPE/ICTaBIba KJbyuaH KOpaK y
pasBojy Ouorporeca, a oqabup aJeKBaTHOT M3BOpa a30Ta MOXKE 3HAYajHO J1a yTHYE Ha
CTUMYJIAI]y IPOU3BOIbE aHTH(YHTAITHUX MeTabonuTa. L{nss oBor paja 6o je onadup
Haj0OJBeT N3BOPaA a30Ta Yy MOJJIO3H 3a IIPON3BO/IbY AHTU(PYHTATHIX METa00INTA TpUMe-
HOM Streptomyces hygroscopicus. Kao tect ripuBe kopumhene cy Alternaria alternata n
Fusarium avenaceum. AXTHUBHOCT KyJITUBAIlMOHE TEYHOCTH Ha u30jare A. alternata n
F. avenaceum onpehena je in vitro, nudyznonom — OyHap MmeTonoM. PesynraTu cy moka-
3aJIM J1a c€ MaKCHMalTHa 30Ha HHXUOUIIHje TIOCTIDKE Y TIOAIO3H Ca COJUHUM OpaIrHoOM Kao
HU3BOPOM a30Ta KoJI 00€ TeCT TJbHMBE (TPEYHUK 30HE MHXUOUIM]e Behu o 35 mm).

KIJbYYHE PEYU: Alternarit alternata, antudyHranau metadonutu, Fusarium
avenaceum, U3BOp a30Ta, Streptomyces hygroscopicus
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BACTERICIDAL ACTIVITES OF
SELECTED MACROFUNGI EXTRACTS
AGAINST Staphylococcus aureus

ABSTRACT: The increasing of the antibiotic resistance exhibited by pathogenic mi-
croorganisms has resulted in research directed toward evaluation of novel sources of anti-
microbial compounds. Previous studies have indicated that macrofungi, as a specific response
to the natural hostile environment, produce secondary metabolites with antimicrobial prop-
erties. In this study, antimicrobial activities of the extracts from six wild mushrooms: Aman-
ita echinocephala, Russula medulata, Cerena unicolor, Hericium erinaceus, Ishnoderma
benzoinum and Laetiporus sulphureus were evaluated against Gram-positive bacterium
Staphylococcus aureus. The antimicrobial potential of the methanolic mushroom extracts
was investigated by the microdilution method. Antimicrobial activity was observed in all
species included in the study. All the extracts that demonstrated inhibitory activities were
further tested for bactericidal activity and minimum bactericidal concentration (MBC)
values were determined. The tested microorganism was most sensitive to the examined
extracts from the polypore fungi C. unicolor and H. erinaceus. The highest bactericidal
activity was obtained in the extracts from the species C. unicolor (MBC=1.563 mg/mL). The
experimental results revealed that the methanolic extract of C. unicolor possessed significant
bactericidal activity. The findings suggest the potential use of this wild mushroom as anti-
microbial agent.

KEYWORDS: mushroom, antimicrobial activity, microdilution method, minimum
bactericidal concentration (MBC)

INTRODUCTION

The emergence of multiple antibiotics resistance in bacterial pathogens
is a common global problem posing enormous public health concerns in the past
four decades. Staphylococcus aureus is the pathogen of great interest because of

* Corresponding author. E-mail: daniela.nedelkoska@uklo.edu.mk
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its virulence, ability to cause an array of life threating infections and capacity
to adapt to environmental conditions (Lowy, 2003). The non-availability and
high cost of new antibiotic generation with limited effectiveness has led to the
search of more effective antimicrobial agents among resources of natural ori-
gin, with the aim to discover a source for production of new antimicrobial
drugs.

Higher fungi or macrofungi are characterized by the production of mac-
roscopic fruiting bodies, which have long been appreciated not only for the unique
taste, but also for their nutritional value (Kala¢, 2012). In addition, higher fungi
synthesize a multitude of metabolites that have different roles in the fungal sur-
vival. Studies have displayed that some of these metabolites have antibacterial
and antifungal properties (Rai et al. 2005; Stamets, 2002), while a higher anti-
microbial activity of mushroom extracts was observed against Gram-positive
bacteria (Yamac & Bilgili, 2006; Nikolovska Nedelkoska et al. 2013). Consider-
ing that fungi and humans share common microbial pathogens (e.g. Escherichia
coli, S. aureus, and Pseudomonas areuginosa), antimicrobial compounds that are
produced by fungi could be of benefit for humans. Several studies have shown that
mushroom extracts and isolates demonstrate promising antimicrobial proper-
ties which can be employed to combat several diseases caused by pathogenic
bacteria including drug-resistant bacterial strains, such as methicillin-resistant
Staphylococcus aureus (Ameri et al. 2011; Alves et al. 2012a; Karaman et al.
2012).

Therefore, considering the previous reports on the antimicrobial activity
of macrofungi and the constant need for the development of new antimicrobial
agents, this study aimed to examine the antimicrobial potential of the metha-
nolic extracts from selected macromycetes: Amanita echinocephala, Russula
medulata, Cerena unicolor, Hericium erinaceus, Ishnoderma benzoinum and
Laetiporus sulphureus against Gram-positive bacterium Staphylococcus aureus.

MATERIAL AND METHODS
Fruiting body selection

Samples of the wild macromycetes Amanita echinocephala, Russula
medulata, Cerena unicolor, Hericium erinaceus, Ishnoderma benzoinum and
Laetiporus sulphureus were collected from different locations and habitats in
the Republic of Macedonia. Geographical location and natural habitat of the
mushroom specimens are shown in Table 1. Taxonomic identification was made
in the Mycological Laboratory at the Institute of Biology, Faculty of Natural
Sciences and Mathematics in Skopje, by implementing standard methods of
microscopic and chemical techniques (coloring of fruit bodies and spores), as
well as using appropriate literature. The representative voucher specimens were
deposited at the Macedonian Collection of Fungi (MCF) of the Institute of
Biology (Table 1).
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Table 1. Geographical location and natural habitat of the mushroom species studied for
antimicrobial potential

Species Habitat Geographical location Collection number
Amanita echinocephala mycorrh'lzal Botanical garden, MAK 10/13309
(on ground in park) Skopje
Russula medulata mycorrhizal Gazi Baba, Skopje ~ MAK 10/13305
(on ground in park)
saprotrophic
Cerena unicolor (on living beech trunks Suva Gora Mt. MAK 11/13368

in conifer forest)

saprotrophic
Hericium erinaceus (on living oak trunks Sk. Crna Gora Mt. MAK 11/13360
in deciduous forest)

Ishnoderma benzoinum sap rotrophlc Suva Gora Mt. MAK 11/13252
(on stump of pine trees)
Laetiporus sulphureus parasitic (on living black Kozle, Skopje MAK 11/13361

locust trunks)

Preparation of methanolic extracts of mushrooms

The fruiting bodies were cleaned to remove any residual compost/soil and
subsequently air-dried in the oven at 40 °C. Dried specimens were ground to
fine powder and extracted by stirring with 80% (v/v) methanol in ultrasonic bath
for 30 min at 4 °C, and then centrifuged at 12,000 rpm for 15 min. Supernatants
were used for the evaluation of antimicrobial potential of the samples. The
organic solvent in the extracts was evaporated to dryness under vacuum. The
yields of methanolic extracts of the fruiting bodies are presented in Table 2.

Table 2. Yield of mushroom methanolic extracts

yield of extracts®

sample mushroom species (/100 g of dry mushroom)
1 Amanita echinocephala 33.082 +3.356
2 Russula medulata 4.167 £ 0.577
3 Cerena unicolor 20.800 £ 1.131
4 Hericium erinaceus 17.333 £0.764
5 Ishnoderma benzoinum 15.000 £+ 1.323
6 Laetiporus sulphureus 33.833 £4.254

“ Each value is the mean of three replicate determinations + standard deviation.

The tested extracts were dissolved in 10% (v/v) DMSO in sterile water.
A solvent control test was performed to study the effect of DMSO on the growth
of microorganisms. The test approved that DMSO had no inhibitory effect on
the tested organisms.
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In vitro antimicrobial assay

Test microorganism

Antimicrobial activities of methanol extracts were tested against Gram-
positive bacterium Staphylococcus aureus ATCC 6538.

The microorganism was provided from the collection of the Microbiology
Laboratory at the Faculty of Natural Sciences and Mathematics in Skopje.

Suspension preparation

Microbial suspension was prepared by the direct colony method. The
turbidity of initial suspension was adjusted by comparison with 0.5 McFarland’s
standard (Andrews, 2005). The initial suspension contained about 10® colony
forming units (CFU)/mL. Additionally, 1:100 dilutions of initial suspension
were prepared into sterile 0.9% saline.

Microdilution method

The antibacterial activities of the mushroom extracts were assessed using
the microdilution method with resazurin as an indicator of microbial growth
(Sarker et al. 2007). The antimicrobial assay was performed by using a sterile
96-well plate, and the minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) values were determined. The test plates were
prepared by dispensing 50 pL of Mueller-Hinton broth into each well. A volume
of 50 puL from the stock solution of tested mushroom extracts was added into
the first row of the plate and then two-fold serial dilutions of extracts were
performed. Each test plate included growth control and sterility control. MIC
was defined as the lowest concentration of tested extracts that prevented a
resazurin color change from blue to pink. All tests were performed in triplicate
and MIC values were constant.

The extracts that demonstrated inhibitory activities were further tested
for bactericidal activity. A sample from each well that tested positive for inhibi-
tory activity was inoculated on fresh sterile Mueller-Hinton agar (MHA) plates
and incubated additionally for 24 h at 37 °C. Absence of colonies was regarded
as positive for bactericidal activity, while growth of colonies was regarded as
negative. MBC was defined as the lowest concentration of the mushroom extract
that results in microbial death. All tests were performed in triplicate and MBC
values were constant.

RESULTS AND DISCUSSION

The antimicrobial activity of the tested mushroom extracts was quantita-
tively assessed and minimum bactericidal concentration (MBC) values were
determined. The bactericidal activity of the mushroom extracts is shown in
Table 3. Antimicrobial activity was observed in all species included in the study,
with MBC values ranging from 1.563 to 31.250 mg/mL.
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Table 3. Minimum bactericidal concentration (MBC) of methanolic extracts from mushroom
samples

Samples

A. echinocephala C. unicolor H. erinaceus 1. benzoinum L. sulphureus R. medulata
MBC 25 1.563 2.344 31.250 15.625 25

“Minimum bactericidal concentration (MBC) values given as mg/mL

The results showed that Cerena unicolor fruiting body extract exhibited
the strongest bactericidal activity against the tested bacterium with the lowest
MBC value (1.563 mg/mL), followed by the extracts of Hericium erinaceus and
Laetiporus sulphureus (2.344 mg/mL and 15.625 mg/mL, respectively). The
methanolic extracts of Amanita echinocephala and Russula medulata demon-
strated antimicrobial potential with the same MBC value of 25 mg/mL. In this
study the highest MBC value (31.250 mg/mL), which corresponded to the lowest
bactericidal potential against tested S. aureus, was observed in methanolic
extract of polypore fungus Ishnoderma benzoinum.

According to these results, all extracts included in the study showed anti-
microbial properties, while the variation in the antimicrobial activity among the
species could be attributed to the fungal genomics and environmental factors
(Keller et al. 2005), that resulted in the presence of different components with
antimicrobial properties within species. Based on the evidence reported in the
literature, various taxonomic mushroom groups have been investigated for their
antimicrobial activities and many low- and high-molecular-weight compounds
with antimicrobial properties were identified. Numerous secondary metabolites,
such as sesquiterpenes and other terpenes, steroids, anthraquinones, benzoic
acid derivatives, and quinolines, primary metabolites such as oxalic acid, and
high-molecular- welght compounds, mainly peptides and proteins, are among
the identified antimicrobial compounds in mushrooms (Alves et al. 2012b).

In this study the examined extracts from the polypore fungi Cerena
unicolor, Hericium erinaceus, and Laetiporus sulphureus exhibited the most
potent bactericidal activity against tested microorganism. These results are in
accordance with earlier reported data that confirm the antimicrobial activity of
these macrofungi species (Jaszek et al. 2013; Demiri and Yamag, 2008; Zjawiony,
2004; Wong et al. 2009). Jaszek et al. (2013) evaluated the antibacterial activity
of the isolated bioactive fractions from C. unicolor and showed that the low
molecular subfraction of secondary metabolites possesses potent inhibitory effect
against Staphylococcus aureus. Demiri and Yamag (2008) reported relatively
high antimicrobial activity for the crude exopolysaccharides of C. unicolor and
L. sulphureus, while the highest antimicrobial activity against the tested cultures
in their study they observed for mycelial extracts from C. unicolor. Several stud-
ies have shown the antimicrobial potential of mushroom species H. erinaceus
and some bioactive molecules with antimicrobial activity against pathogenic
microorganisms have been identified (Okamoto et al. 1993; Kim et al. 2000;
Wong et al. 2009). All these observations were in accordance with the results
of bactericidal activity reported here. Taking into account all these observations,
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further studies could be focused on in vitro biological activity of extracts from
Cerena unicolor, Hericium erinaceus and Laetiporus sulphureus.

CONCLUSIONS

Results from the present study showed that Amanita echinocephala, Rus-
sula medulata, Cerena unicolor, Hericium erinaceus, Ishnoderma benzoinum
and Laetiporus sulphureus extracts could be considered a potential sources of
various compounds with bactericidal properties against Gram-positive bacte-
rium Staphylococcus aureus. Particularly, extracts from the species C. unicolor
and H. erinaceus exhibited most promising antimicrobial activity against S.
aureus that may serve as potential candidates for the development of novel
antibiotics. Further studies are needed toward the chemical characterization
of specific classes of antimicrobial compounds of these selected mushrooms
and understanding the possible mechanisms for their utilization in food and
pharmaceutical industries.
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BAKTEPUIIUIHA AKTUBHOCT OJJAGPAHUX EKCTPAKATA
MAKPOI'JBUBA ITPEMA Staphylococcus aureus

Jannena A. HUIKOJIOBCKA-HEJEJIKOCKA', Haranuja B. ATAHACOBA-
-ITAHYEBCKA?, Mutko IT1. KAPAIEJIEB?, Iloko B. KYHI'YJIOBCKH?

! Vuugepsuter ,,CBetr Kiument OXpujicku — BUTOIb,
Texnomnomko-TexHNUKH akynrer — Benec,

%HMHTap Brnaxos 66, Benec 1400, Perrybnnka Makenonmja
YHuUBep3UTET ,,CBCTH Thupuno nu Metoauje” — Ckormse,
@akynTeT NPUPOLHNX HAyKa U MAaTEeMaTHKE,

Bynesap Iome Jenmuena 9, Crkonje 1000, Penydnuka Makenonuja

PE3VME: IlopacTt pe3ncTeHTHOCTH MaTOTeHUX BPCTa MUKPOOPTraHNU3aMa pesyi-
TUpAJa je YCMepaBambeM UCTPaKHBAKE Ka H3HAIAKEHY HOBUX H3BOPA aHTUMUKPOOHUX
Jenumema. lIpenxoaHe cryauje ykasyjy Aa MaKporJbHBe Kao Creuupuyas 0AroBop Ha
YCIIOBE CPE/IMHE IIPOAYKY]Y CeKyHIapHE METabONIUTE C aHTUMUKPOOHHM 0COOHHAMA.
Y oKBUPY OBE CTY/H]je, ICIIUTHBAHA j¢ aHTUMUKPOOHA aKTUBHOCT EKCTpaKaTa IopeK-
JIOM W3 IIECT BPCTa TUBJBUX IJbHBA: Amanita echinocephala, Russula medulata, Cerena
unicolor, Hericium erinaceus, Ishnoderma benzoinum v Laetiporus sulphureus na Gram
MMO3UTHUBHYU MUKpOoOpranusam Staphylococcus aureus. AHTUMUKPOOHHU ITOTEHIIM]jAIT
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METaHOJIHUX eKCTpaKaTa IJbUBa je HCIIUTUBAH IPUMEHOM MUKPOAMITYTHOHE METO/IE.
AHTUMHUKPOOHY aKTUBHOCT Cy TIOKa3aJie CBE BPCTE YKJbyUeHe y cTyaAnjy. CBH UCIIUTH-
BaHU EKCTPAKTH Cy MOKa3aJi aHTUMUKPOOHY aKTUBHOCT, @ HAKOH HCIUTHBamba OaKTe-
pUIIMIHE aKTUBHOCTH ofipeleHa je MuHnManHa OakrepuningHa konientpamuja (MBC).
TecTupanu MUKpOOpranus3aM je HajBehy OCeTJbMBOCT MOKa3a0 HA EKCTPAKTE MOPEKIIOM
on nonunopHux ribuBa C. unicolor u H. erinaceus. Hajpeha aHTUMUKPOOHA aKTUBHOCT
rocTurHyTa je ¢ ekcrpakrom Bpere C. unicolor (MBC=1.563 mg/mL). Pesynraru ucrpa-
JKUBama yKaszyjy 1a MeTanoiHu ekcTpakT C. unicolor mocenyje 3Ha4ajHy OakTepuIui-
HY aKTUBHOCT. Pe3yTaTi OBUX UCTpakMBamka CyTepUITY Ha TOTECHIMjallHy YIIoTpeOy
OBE JIMBJbC TJHUBE KA0 U3BOpA aHTUMUKPOOHUX jeINCHha.

KJbYUHE PEYMU: ripuBe, aHTUMUKPOOHA aKTUBHOCT, MUKPOIFUTYITHOHHA METOT,
MUHUMaJIHa OakTepuuaHa KonuenTpanuja (MBC)
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ANTIFUNGAL ACTIVITY OF Mentha piperita
AND Carum carvi ESSENTIAL OILS

ABSTRACT: Aromatic plants are one of the most important sources of biologically
active secondary metabolites, which possess various antimicrobial characteristics. The aim
of this work was to examine the effect of antifungal activities of mint and caraway essential
oils against the selected fungi. Eight species of molds were selected for antifungal testing:
Alternaria alternata, Aspegillus flavus, A. niger, A. versicolor, Eurotium herbariorum,
Penicillium aurantiogriseum, P. chrysogenum and P. expansum. Testing of essential oils
antifungal activity against the selected species was conducted using the disc diffusion method
by adding mint and caraway essential oils (0.5, 1, 5, and 10 pl per disc). Antifungal activity
of essential oils was expressed by the diameter of inhibition zone (mm). The most powerful
effect of mint essential oil was recorded against E. herbariorum, as its growth was com-
pletely inhibited by the quantity of 5 ul. The weakest inhibitory effect was observed against
P. chrysogenum (inhibition zone 13.67 mm) by the quantity of 10 pl. The most powerful
antifungal activity of caraway was observed against E. herbariorum as growth was com-
pletely inhibited by the quantity of 10 ul. The weakest inhibitory effect was observed against
A. niger (inhibition zone 28 mm) by the quantity of 10 pl.

KEYWORDS: antifungal activity, mint, caraway, essential oils

INTRODUCTION

The biggest risk, from the health aspects, associated with the mold con-
tamination in food products, is a possibility of a mycotoxin synthesis. On the
other hand, The World Health Organization (WHO) is expressing concern due
to an excessive application of synthetic fungicides. Search of an alternative an-
tifungal resource provides the possibility of essential oil usage, also as extracts,
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in food protection from mycotoxigenic molds and their toxic products (Da Cruz
Cabral, 2013).

Essential oils are secondary metabolites of higher plants. The plants which
contain the major evaporative odor products — essential oils, are called aro-
matic plants. Aromatic plants are mostly present in different species of the
labiate family Lamiaceae, Apiaceae, Asteraceae, and other families such as
Rutaceae, Lauraceae and Myrtaceae (Misan et al. 2013).

Essential oils can be composed of more than 60 components. The major
components are present in up to 85% of essential oil, whereas other components
are present only in traces. Phenolic compounds are especially responsible for
antimicrobial activity of essential oils. There are some indications that minor
components of essential oils pose a key role in the antimicrobial activity, prob-
ably due to synergistic activity with other components. This claim has been
proved in the case of sage, some species of thyme and oregano (Burt, 2004;
Tajkarimi et al. 2010).

Effect of essential oils on molds can be followed at the macromorpho-
logical level, as well as at the cellular level. Some of macromorphological
changes are: lack of sporulation or pigmentation, change in the number of
conidia, increased branching of hyphae or change in their size. It has been
considered that changes like these are consequence of oil activities on enzy-
matic reaction of the cell wall synthesis, which affects mold growth and mor-
phogenesis, also as the pulling back of cytoplasm in hyphae, whereby the
mycelium death occurs (Rasooli, 2004; Carmo et al. 2008).

Essential oils can inhibit synthesis of DNA, RNA, proteins and polysac-
charides in fungi and bacterial cells, where they can cause changes, similar to
the mechanism of antibiotic activity.

Mint essential oil shows a powerful antimicrobial activity against large
number of pathogenic Gram-positive and Gram-negative bacteria, as well as
against different species of molds (Tajkarimi et al. 2010). Caraway has a wide
application in pharmaceutical and food industry, considering the fact that it
possesses antitumor, antiproliferative, antihyperglycemic and antimicrobial
activity (Agrahari and Singh, 2014).

MATHERIAL AND METHODS

Essential oils

Essential oils of mint (Mentha piperita L.), Serbia, (36681113) and caraway
(Carum carvi L.), Lithuanian, (05560213) were used for the purpose of anti-
fungal testing. Identification of the mentioned plant species was performed at
the Institute of Medicinal Plant Research “Dr. Josif Panci¢”, Serbia. Essential
oil was distilled from the dried and milled above-ground parts of the plant in
the Clevenger apparatus during 2.5 h. Oils were extracted by the procedure of
hydrodistillation in accordance with the standard procedure described in the
Sixth European pharmacopoeia (European Pharmacopoeia, 2008).
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Culture of molds

Eight isolates of molds were selected for antifungal research: Alternaria
alternata, Aspegillus flavus, A. niger, A. versicolor, Eurotium herbariorum, Peni-
cillium aurantiogriseum, P. chrysogenum and P. expansum. Identification of
isolated species was performed in accordance with the rules described by Sam-
son et al. (2004), Samson and Frisvald (2004) and Pitt and Hocking (2009), on
the basis of macromorphological characteristics of reproductive structures (size,
shape, color, surface of the cell wall, branching, sexual and asexual structures).

Preparation of conidia suspensions

Seven days old cultures grown on angled Sabouraud dextrose agar (SDA)
(HiMedia, Mumbai, India) were used for preparation of the mold conidia sus-
pensions. Conidia suspensions were prepared in physiological solution which
contained 0.1% Tween 80 (HiMedia, Mumbai, India). Concentration of 10°
conidia/ml was adjusted by hemocytometer (Biirker-Tiirk chamber) (Precise,
Peillonnex, France).

Disc diffusion method

Testing of essential oils antifungal activity against the selected molds growth
was conducted by disc diffusion method (Leboffe and Pierce, 2005). Previously
prepared Petri plates (@ 90 mm) were filled by 20 ml of SDA. Well dried surface
was inoculated with the conidia suspension (final inoculum 10° conidia/ml) along
the surface, by the sterile swab. The suspension was equally spread in order to
obtain a homogeneous growth. Inoculated Petri plates were left for 15 minutes
at room temperature to achieve a good absorption of the suspension. After 15
minutes, sterile discs with diameter of 6 mm (HiMedia, Mumbai, India) were
placed over inoculated plates. Furthermore, a selected quantity of essential oils
(0.5, 1, 5, and 10 ul) was applied by micropipette onto discs.

Thereafter, inoculated plates were incubated at 25 °C for 48 hours. Inhi-
bition of growth was evaluated by the measuring of inhibition zone diameter
(including the diameter of the disc) in mm. As a negative control, sterile distilled
water was used. On the basis of measured inhibition zones and comparison of
the obtained values, the effects of mint and caraway essential oil on the mold
isolates growth was characterized.

Statistical analysis

Antimicrobial testing was performed in triplicate. MC Excel (Microsoft
office Professional Plus 2010, Microsoft, USA) was used for calculating average
values and standard deviation of disc diffusion method.
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RESULTS AND DISSCUSION
Inhibitory activities of essential oils against mold growth

The mint essential oil, in the case of disc diffusion method, exhibited anti-
fungal activities against every tested isolate. The inhibitory effect was presented
in Table 1.

Table 1. Antifungal effect of mint essential oil against mold growth

Inhibition zone diameter (mm)

Molds Vol. (ul/disc) 0.5 1 5 10
Alternaria alternata * * 23.33+0.58 w.g.
Aspergillus flavus 7.0 £0.0 8.33£0.58  14.67+0.58  25.67+0.58
Aspergillus niger 7.33+0.58 9.67+0.58 17.33+¢1.15  20.33£1.53
Aspergillus versicolor * * * w.g.
Eurotium herbariorum 10.33£0.58  11.33£1.15 w.g. w.g.
Penicillium aurantiogriseum 10.33£0.58  12.67£0.58  19.67+0.58  44.67+0.58
Penicillium chrysogenum 0" 6.67+0.58 9.33£0.58  13.67+0.58
Penicillium expansum 14.33£0.58  15.33+0.58  19.33+0.58  27.67+0.58

w. g. — without growth; * — reduced growth; 0°— without inhibition zone

The inhibition zone was not observed when the smallest quantity of essential
oil was applied (0.5 pl), only against P. chrysogenum. Regarding two species,
A. alternata and A. versicolor, it was observed a slightly reduced growth across
the whole surface of Petri dish without inhibition zone around the disc. The largest
inhibition zone was measured against P. expansum growth (14.33 mm). The
quantity of 1 pl showed inhibitory activity against all tested molds. The reduced
growth was observed against 4. alternata and A. versicolor. The lowest inhibi-
tion zone was recorded against 4. flavus (8.33 mm), while a higher level of
inhibition was noticed against P. expansum growth (15.33 mm). Higher in-
hibitory activity was detected when larger volume of essential oil (5 ul) was
applied to all tested isolates. The lowest inhibitory zone was recorded against
P. chrysogenum (9.33 mm), and the highest against 4. alternata growth (23.33
mm). Inhibitory effect on A. versicolor was detected as the growth reduction,
however, still without forming of clear inhibition zone around the disc. In the
case of E. herbariorum, the complete growth inhibition was observed. When the
highest quantity of essential oil was applied (10 pl), the complete inhibition of
A. alternata and A. versicolor growth occurred. Inhibition zone of other species
was in the range from 13.67 mm (P. chrysogenum) to 44.67 mm (P. aurantio-
griseum). It can be concluded that the mint essential oil had the strongest impact
on E. herbariorum, and the weakest on P. chrysogenum.

Moghtader (2013) reported that mint essential oil showed antifungal effect
on A. niger. By the oil treatment from 1,600 ppm to 200 ppm, using the method
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of double dilution, significant differences in inhibition zones from 26 mm to
8 mm were recorded, respectively. The mentioned author linked a good anti-
fungal effect with the menthol content (38.33%) in tested oil.

According to Helal et al. (2006), by 50 pl (agar diffusion method) treat-
ment of mint essential oil against 4. flavus and A niger, inhibition zones were
29 and 31 mm, whereas against Penicillium digitatum and P. puberulum were
33 and 34 mm, respectively. Kazemi et al. (2012) reported that mint essential oil,
in 1 pg/ml concentration, shows antifungal effect on A. niger, A. flavus, and
A. fumigatus, whereby 20 mm inhibition zones were recorded. However, the
effect was slightly lower on Mucor sp. with inhibition zones of 15 mm.

Essential oil of caraway, in the case of the disc diffusion method of 0.5,
1, 5, and 10 pl, exhibited antifungal activity against every tested isolate. Inhibi-
tory effects are presented in Table 2.

Table 2. Antifungal effect of caraway essential oil on mold growth

Inhibition zone diameter (mm)

Molds

Vol. (ul/disc) 0.5 1 5 10
Alternaria alternata 12.3342.08  19.33+0.58  41.33+1.15  44.33+2.08
Aspergillus flavus 17.33+0.58  24.67+0.58  32.67+0.58  39.3341.15
Aspergillus niger 10.33+£0.58  11.33+0.58 23.0£1.0 28.0+1.0
Aspergillus versicolor 18.67£0.58  26.0£1.73  45.67+1.53 52.0+£2.0
Eurotioum herbariorum 17.33+1.15  21.33+0.58  40.33+1.53 w.g.
Penicillium aurantiogriseum 20.33£2.08  26.0£1.73  36.33+0.58  43.33+1.53
Penicillium chrysogenum 33.67+0.58  37.67£1.53 44.0+1.0 43.67+0.58
Penicillium expansum 18.67+1.15  20.67+1.15 34.0+1.73 47.041.0

w. g. — without growth

Inhibitory activity using the smallest quantity (0.5 pl) was recorded
against all isolates, and the highest inhibition zone was observed against P.
chrysogenum (33.67 mm). By using higher concentrations of caraway essential
oil (1 and 5 pl), a greater antifungal effect was observed on all tested isolates.
The total inhibition was registered against E. herbariorum when using the
highest quantity of oil (10 ul), while the highest inhibition zone was observed
against 4. versicolor (52 mm), and the lowest against A. niger (Table 2).

Application of the caraway essential oil in the quantity of 50 ul, by the
agar diffusion method, did not show inhibition zones against A. flavus, while
in the case of 4. niger, P. digitatum, and P. puburelum, inhibition zones were
22, 18 and 27 mm, respectively (Helal et al. 2006). Mironescu et al. (2009)
published similar results of a screening disc diffusion method that showed a
better antifungal effect of mint essential oil compared to caraway essential oil
against the tested isolate of A. alternata. According to Ertiirk (2006), the crude
extracts from M. piperita showed antifungal activity against 4. niger with
inhibition zone diameters of 18 mm/15 pl.
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CONCLUSION

Essential oils of mint and caraway demonstrated antifungal activity
against every tested isolates. The most powerful inhibitory effect mint essential
oil in the quantity of 5 pl demonstrated against E. herbariorum as complete growth
inhibition. The weakest inhibitory effect was observed against P. chrysogenum
(inhibition zone 13.67 mm) in the quantity of 10 pl. The most powerful anti-
fungal activity of caraway was observed against E. herbariorum as a complete
growth inhibition. The weakest inhibitory effect was observed against 4. niger
(inhibition zone 28 mm) in the quantity of 10 pl.
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AHTUOYHI'AJIHA AKTUBHOCT ETAPCKOI' VJbA
Mentha piperita 1 Carum carvi

Jparauna B. TINTABIIUR!, Topnana P. ITUMUWR?, Bophe b. [ICOJIOPOB!,
Hparan b. [ICOJJOPOB?, Jby6uma h. IHAPUR', NBana C. YABAPKAIIA',
Munenko b. KOIIYTUR!

"'Vausepsurer y Hopom Cany, MHcTuTyT 32 Ipexpambene Texsonoruje y Hosom Cany,
Bynesap napa Jlazapa 1, Hosu Can 21000, Perryonuka Cpouja
YuausepsuteT y HoBom Cany, TexHomomku paxynrer,
Bynesap napa Jlazapa 1, Hosu Can 21000, Perry6nuka Cpbouja
3 Bucoka ImKona cTpyKOBHUX CTY/IHja 32 MEHAIIMEHT | TIOCIIOBHE KOMYHHKaIIHje,
Murtpononura CrparumupoBuha 110, Cpemcku Kapnosiu 21205, Penyonuka Cpouja

PE3UME: Apomarnune OHJbHE BPCTE TIPEICTaBIba]y HEKE 0/ HajBAXKHUJUX H3BO-
pa OHOJIOIIKY AKTHBHUX CEKYHIAPHIX METa00JINTa KOJH TIOCEY]Y PA3ININTE aHTHMHU-
KpoOHe kapakTepuctuke. LIvsb oBora paja O1o ja ce ucnura aHTU(YHTalTHa aKTHBHOCT
€TapCKOT yJba MEHTE M KUMa MpeMa opel)eHrM 1abopaTopujcKUM H30JIaTHMa IIJICCHH.
3a ucnuTHBabe aHTU(YHTATHEe aKTHBHOCTH N3a0paHo je ocaM BpcTa IUiecHu: Alter-
naria alternata, Aspegillus flavus, A. niger, A. versicolor, Eurotium herbariorum, Peni-
cillium aurantiogriseum, P. chrysogenum u P. expansum. VicnuTuBame aHTU(DYHTaTHE
AKTUBHOCTH €TapCKUX yJba Ha ofadpaHe BpCTe IUIECHH U3BEICHO je TUCK AU(y3HOHOM
METOIOM JIOJIaBakheM eTapcKuX yiba y konmdaunama o1 0,5; 1; 5 u 10 pl o aucky. AHTH-
(yHrajiHa akTHUBHOCT €TPACKUX YJba IPOLCHUBAHA j€ MEPEHEM AMjaMeTpa 30He HHXHU-
ouruje. Hajjaum edekat erapckor yJba MeHTe 3a0elexeH je y ciyuajy E. herbariorum npn
4yeMy je yOoueHa II0TIyHa HHXUOuLMja Ipy konuduHu of S pl. Y ciyuajy P. chrysogenum
yo4eH je Hajcnaluju edekat mpu 4eMy je n3MepeHa 30Ha MHXUOuIMje n3Hocua 13,67 mm
nipu kommanHA ox1 10 pl. ETapcko yiba knMa mokasaso je Hajjauu edekar y ciydajy E.
herbariorum nipu yemy je 3a0esexeHa MOTIyHa HHXUOunuja. Y ciydajy A. niger 3a-
OenexeHa je Hajcimaduja aHTU(YHTaIHa aKTHBHOCT €TapCKOT yJba KUMa IIpU 4eMy je
M3MepeHa 30Ha nHXuOuuje omia 28 mm npu konnduHu ox 10 pl yipa.

KJbYYHE PEYMU: auTudyHranHa akTHBHOCT, €TapcKa yJba, KUM, MEHTa
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COMPARISON OF ANTIOXIDANT CAPACITIES OF
TWO Ganoderma lucidum STRAINS OF DIFFERENT
GEOGRAPHICAL ORIGINS

ABSTRACT: Ganoderma lucidum, used in a traditional Chinese medicine, represents
one of the most important medicinal mushrooms in the world, whose fruiting bodies and
spores have been traditionally used because of a wide spectrum of biological activities such
as antidiabetic, antioxidative, antiproliferative, cardioprotective, etc. Its ethnomedicinal
importance in some parts of the Balkan region (Serbia and Croatia) is almost totally unknown
and there should be more scientific investigations carried out. The aim of this work was to
make a comparative study of antioxidative activities and total phenolic content of ethanol
and hot water extracts of G. lucidum, collected from forests in Serbia (Morovicke Sume,
Fruska Gora) and Croatia (Donji Lapac, Pljesevica). The present study was carried out to
evaluate antioxidant potential of examined extracts via scavenging potential on ABTS, DPPH
, OH and NO' radicals, as well as of chelating effects via FRAP assay, together with deter-
mination of their total phenolic content. Results showed that both GLS extracts possessed
better antiradical activities (ICs5p=0.23+0.01 for H,O and 2.754+0.01 pg/mL for EtOH for OH
and DPPH assay, respectively) than in the ABTS assay (151.40+1.07 mg TE/g d.w. for EtOH),
while the phenolic content was generally equal in extracts of Serbian and Croatian samples
(60.74+0.57 mg GAE/g d.w. for EtOH and 77.10+0.27 mg GAE/g d.w. for H,O, respectively).
Therefore, these extracts could be considered as a good source of natural antioxidants. These
results showed that examined G. lucidum extracts (especially H,O) contain high amount of
phenolic content which could significantly enhance the antiradical potential and reduce
potential on iron ions. This is the first study reporting the comparison of antioxidant ac-
tivities and phenolic contents of two different extracts between two G. lucidum strains from
two different geographical origins from the Balkan region.

KEYWORDS: antioxidant capacity, Ganoderma lucidum, phenols, reducing power,
radical reduction
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INTRODUCTION

In the last decades there has been a growing interest in the study of anti-
oxidant activities of different foods possessing abundant free radicals scaven-
gers and having an effect on many reactions in food systems (Klaus ez al. 2011).
It is also well documented that the implication of free radicals in oxidative
stress represents one of the main causing agents in many diseases (Kozarski
et al. 2015). Antioxidant compounds have the ability to trap free radicals and thus
inhibit the oxidative mechanisms that lead to various degenerative disorders,
including cancerogenesis, neurodegenerative and cardiovascular diseases (Fer-
reira et al. 2009; Janjusevic et al. 2017; Nagaraj et al. 2014).

All organisms have endogenous antioxidant defences produced during
normal cell aerobic respiration against free radicals, but there are various ex-
ogenous antioxidants (a-tocopherol, ascorbic acid, carotenoids, glutathione,
and polyphenols) which can be found in whole grains, fruits, vegetables, teas,
spices, and herbs (Nagaraj et al. 2014). Mushrooms are also organisms attrac-
tive as a source of antioxidants, which demonstrate antiradical activities and also
reducing capacities (Ferreira et al. 2009; Karaman et al. 2014; Raseta, 2016).
Some advantages of using mushrooms in food as a good source of bioactive
compounds are the following: the fruiting bodies can be produced in much less
time, the mycelium may be rapidly produced in liquid culture, and the extracel-
lular culture medium can be easily manipulated in order to produce optimal
quantities of active products (Tesanovic¢ et al. 2017).

Mushrooms contain a variety of complex compounds that can be derived
from both secondary and primary metabolism such as phenolics, polyketides,
polysaccharides, triterpenoids, and steroids that characterize each type of fungal
species and possess specific medicinal effects including antimicrobial, anti-
oxidant, antiproliferative, etc. (Brakhage and Schroeckh, 2011; Klaus et al. 2011;
Kozarski et al. 2015; Novakovi¢ et al. 2016; RaSeta, 2016; Raseta et al. 2016;
Zhang et al. 2016).

The presence and composition of all of these compounds in fungi mainly
depend not only on genetic determinants, but also on ecological factors, includ-
ing particular environmental conditions in specific habitats and their lifestyle
(saprotrophic, parasitic and symbiotic/e.g. mycorrhizal) (Chaumenton et al. 1993).

A recent review on the chemical composition and biological properties of
Ganoderma species has described this genus as a therapeutic biofactory (Pat-
erson, 2006). A great deal of work on Ganoderma species has been carried out
on one peculiar species, namely G. lucidum (Lingzhi, Munnertake, Sachitake,
Reishi, and Youngzhi), which is the best known medicinal mushroom all over
the world (Paterson, 2006). For hundreds of years, this species has been re-
garded as a traditional folk medicine using mushroom for the prevention and
treatment of various human diseases, such as hepatitis, hypertension, chronic
bronchitis, bronchial asthma, cancer, and others (Baby et al. 2015; Boh et al.
2007, Paterson, 2006; Raseta, 2016).
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In recent years, phytochemical studies of G. /ucidum resulted in an impres-
sively large number of more than 400 different bioactive compounds isolated
(Baby et al. 2015): polysaccharides (Chiu et al. 2017; Kozarski et al. 2014),
triterpenoids (Baby et al. 2015; Boh et al. 2007, Wang et al. 2006), and phenolic
compounds (Raseta, 2016; Raseta et al. 2016; Stilinovic et al. 2014; Yildiz et al.
2015). Based on literature data, many of these compounds have been already used
as antioxidant agents, especially phenolic compounds that could be the major
determinants of their antioxidant potentials (Balasundram et al. 2006; Ferreira
et al. 2009). This was demonstrated in recent studies through the high correla-
tion coefficient of analysed antioxidant activities and TP contents (Novakovi¢
et al. 2016; Raseta et al. 2016).

The aim of the present study was to analyse antioxidative activities of the
ethanol and hot water extracts, as well as their phenolic contents. Two different
strains of wild medicinal mushrooms G. lucidum originating from Serbia and
Croatia were compared using four radical scavengers and the reducing power
assays in vitro.

MATERIAL AND METHODS
Fungal material

Fruiting bodies of G. lucidum were collected during the autumn of 2010
(Morovicke sume, Serbia) and the spring of 2016 (Donji Lapac, Croatia). After
the identification of the species, voucher specimens were identified by MSc
Eleonora Boskovi¢ at the Herbarium BUNS, Department of Biology and Ecol-
ogy, Faculty of Sciences, University of Novi Sad under number (12-00715 and
12-00724). Air-dried samples were ground to a fine powder and stored in dark
bottles at room temperature prior to analysis.

Preparations of extracts

For the preparation of ethanolic extracts (EtOH), 20 g of powdered fungal
material were extracted by maceration with 96% EtOH (JT Baker, Netherlands)
during 72 h at room temperature (Sekljalnik S400 W Chopper, Gorenje).

For the preparation of the hot water extracts (H,0), 20 g of fungal mate-
rial were mixed with 200 ml of boiling water and incubated at 80 °C for 60 min
in water bath (Elektromedicine, Slovenia). After filtration (Whatman No. 4 Filter
paper), EtOH was evaporated in vacuo (Biichi R-210; Biichi Labortechnik AG,
Switzerland) at 35 °C and crude residue was dissolved in distilled water (10
mg/mL), whereas H,O was stored at -20 °C and then lyophilized (Christ Alpha
1-2 LD Freeze Dryer, Switzerland) for 72-96 h in ice condenser at -55 °C. Dried
extracts were dissolved in distilled water to obtain 100 mg/mL stock solutions.
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ANTIOXIDANT ACTIVITY

ABTS assay

The ABTS assay (Arnao et al. 2001) was used to measure radical scaveng-
ing activity of the extracts and standard compound, propyl gallate (PG). 10 ml
of each extract or standard compound (trolox, vitamin E analogue) (except in
a control probe when only the solvents were used) was added to 290 pl of
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) or distilled
water (corrections of work sample). Absorbance was measured spectrophoto-
metrically at 515 nm after 30 min of reaction. The same procedure was repeated
with PG as a positive control. The absorbance was measured at 734 nm after
5 min of reaction. All the samples were made in triplicate and mean values of
ABTS scavenging activity were expressed as milligram trolox equivalents (TE)
per gram of dry weight (mg TE/g d.w.), calculated according to the standard curve.

DPPH assay

The DPPH assay was performed as described before (Espin ez al. 2000),
following the transformation of the 1,1-diphenyl-2-picryl-hidrazyl (DPPH)
radical to its reduced, neutral form (DPPH-H). 10 pl of each extract or standard
compound (except in a control probe when only the solvents were used) was
added to 60 ul of DPPH reagent and mixed with 180 ul of methanol. Absorb-
ance was measured spectrophotometrically at 515 nm after 30 min of reaction.
The same procedure was repeated with PG as a positive control. The antioxidant
activity was expressed as a concentration of the sample that inhibited the DPPH
radical formation by 50% (ICsy), and the experiment was performed in triplicate.

OH assay

The hydroxyl radical scavenging activity was determined according to
the method of Halliwell ez al. (1987). 10 ul of each extract or standard com-
pound (except in a control probe when only the solvents were used), was mixed
with 100 pl of 0.015% H,0,, 100 pul of 10 mmol/L FeSOy, 100 pl of 0.05 mol/L
2-deoxy-D-ribose, and 2.7 ml of phosphate buffer (pH=7.4). After incubation
at room temperature for 60 min, 200 pl of 0.1 M EDTA and 2 ml TBA reagent
were added to the mixture and heated at 100 “C for 10 min. After cooling,
aliquots of 250 ml were transferred to the plate, and absorbance was measured
at 532 nm. The antioxidant activity was expressed as ICs, (ug/mL), and the
experiment was performed in triplicate.

NO' assay

Nitric oxide scavenging capacity was determined according to the method
of Green et al. (1982). 30 ul of each extract and PG (except in a control probe when
only the solvents were used) was added to 500 ul SNP and 500 pl of phosphate
buffer (pH=7.4). Test tubes were incubated at room temperature for 90 min under
light exposure. After the incubation, 1 ml of Griess reagent was added to all
samples. Aliquots of 250 pul were transferred to the plate and absorbance was
measured at 546 nm. The antioxidant activity was expressed as ICs, (ng/mL),
and the experiment was performed in triplicate.
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FRAP assay

The Ferric reducing antioxidant power (FR AP) assay was done according
to Benzie and Strain (1999). A volume of 10 pl of the sample was transferred
to a 96 microwell plate with 225 ul of FRAP reagent and 22.5 pl of dH,0. The
absorbance was determined at 593 nm after incubation of 6 min. All the sam-
ples were made in triplicate and mean values were expressed as milligrams of
ascorbic acid equivalents (AAE) per gram of dry weight (mg AAE/g d.w.),
calculated according to the standard calibration curve.

Determination of total phenolic content

Total phenolic content in the analysed extracts was determined according
to the method by Singleton ez al. (1999). 25 ul of each extract or standard com-
pound (gallic acid) (except in a control probe when only the solvents were used)
was added to 125 pl of Folin-Ciolcateu (FC) reagent and mixed after 10 min with
100 pl of sodium carbonate. Absorbance was measured spectrophotometrically
(Thermo Scientific Multiskan Spectrum Microplate Photometers — Photometer
with Curvette Holder, Model 51118650) at 760 nm after 2h of reaction.

Statistical Analysis

The results were expressed as mean values + standard deviation (SD). ICs,
values (pg/mL) were determined by the linear regression analysis of RSC
(Microsoft Excel for Windows, v. 2010 and Origin 8). Statistical analysis was
performed using one-way analysis of variance ANOVA with post hoc Turkey’s
test (STATISTICA; version 10.0; www.statsoft.com). Correlation coefficient
(Microsoft Excel for Windows, v. 2010) was used to estimate the relationship
between the antioxidant activity of extracts and TP contents.

RESULTS AND DISCUSSION
Antioxidant activity and TP content

Antioxidant activity is manifested in a wide variety of actions, such as inhi-
bition of oxidizing form of enzymes, chelating of metal ions, transfer of H-atom
or electrons to radicals, singlet oxygen deactivation, etc. (Halliwell, 1996). Anti-
oxidant compounds found in fruiting bodies, mycelium and extracellular broth
so far have been confirmed to be mainly phenolic compounds (phenolic acids and
flavonoids), followed by other compounds such as ergothioneines, glycosides,
polysaccharides, and vitamins (tocopherols, carotenoids, and ascorbic acid)
(Ferreira et al. 2009; Kozarski et al. 2015). Mushroom antioxidants can exhibit
their protective properties at different stages of the oxidation process and by
different mechanisms: primary (scavenging of free radicals and chain breaking)
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and secondary (regeneration of primary antioxidants, inhibition of lipid per-
oxidation and quenching of singlet oxygen) (Brewer, 2011 Kozarski et al. 2015).

A whole range of scientific data reported high ant10x1dant potentials of
different types of G. lucidum extracts (Deepalakshmi et al. 2013; Ferreira et al.
2009; Raseta et al. 2016; Saltarelli ef al. 2009; Stilinovi¢ et al. 2014; Tel et al.
2015; XiaoPing et al. 2009; Yildiz et al. 2015; Zhang et al. 2016), but still there
is no data for the strain from Croatia. The obtained results for the TP content and
antioxidant activity of analysed extracts are shown in Table 1. Although both
types of extracts possessed antioxidant properties, H,O extracts demonstrated
higher antioxidant activity than EtOH extracts, mainly for GLS in OH, DPPH,
and FRAP assays (IC50=0.23+0.01 ng/mL, 1C5y=2.75+0.01 ng/mL and 696.38
+1.33 mg AAE/g d.w., respectively) and NO assay for GLC (ICs5y=62.16+1.14
pg/mL). We compared activities of analysed extracts using standard compound
PG and all obtained results are statistically significant with the exception of
OH’ assay (IC5,=0.66+0.01 ug/mL for PG and IC5,=0.23%0.01 pg/mL for H,O
of Croatian samples, respectively) (Table 1).

The ABTS radical reactions involve electron transfer and the process take
place at a faster rate when compared to DPPH radicals (Arnao et al. 2001). In
the present study, EtOH extracts of G. lucidum strain from Serbia (GLS) and
Croatia (GLC) showed weaker activity in ABTS' reduction (151.40+1.07 mg
TE/g dw. and 107.55+1.11 mg TE/g d.w., respectively) in comparison with PG
(711.53+1.94 mg TE/g d.w.). In summary, the ABTS radical scavenging activity
was more active in EtOH extracts, which is in high correlation with TP content
(R?=0.93-0.98) (Table 1).

In the present study, analyzed extracts showed concentration-dependent
activity in DPPH and FRAP assays, which may be attributed to its hydrogen-
donating ability via high reducing power ability confirmed for both H,O ex-
tracts GLS and GLC (696.38+1.33 mg AAE/g d.w. and 127.00+0.29 mg AAE/g
d.w., respectively). The reducing properties are generally high for H,O extract
(696.38+1.33 mg AAE/g d.w for GLS and 127.00+0.27 mg AAE/g d.w for GLC,
respectively) and associated with the TP content with the exception of EtOH
extract of GLS (Table 1).

Hydroxyl radical is the most reactive among free radical species and obtained
results of antiradical activities were the highest for the GLS (IC5,=0.23+0.01
pg/mL for H,O and ICs5y=05.35+0.01 pg/mL for EtOH extract) which was in
the range of activity for PG (Table 1).

In the present study, scavenging activity on NO radicals was relatively low
(IC50=765.28+0.71 — 1108.30+2.82 pg/mL) with the exception of H,O extract
for GLC (ICs5p=62.16+1.14 ng/mL) (Table 1).

EtOH extracts of GLS had high amount of TP (60.74+0.57 mg GAE/g
d.w.) and our previous study showed high correlation between TP content and
obtained phenolic profile via LC-MS/MS, where the content of protocatechuic,
p-hydroxybenzoic, p-coumaric, and quinic acids dominated (RaSeta et al. 2016),
while H,O extracts of GLC had the highest TP content (77.10+0.27 mg GAE/g
d.w.) and its phenolic profile has been unknown so far.
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Obtained results showed lower activities for analyzed EtOH extracts for
ABTS assay than MeOH extracts of G. lucidum from Turkey (Tel et al. 2015),
EtOH extracts of the same species from India and Italy (Deepalakshmi et al.
2013; Saltarelli ef al. 2009) and ~ 5 times higher activity than MeOH extracts
(Rani et al. 2015). Products which scavenge DPPH in vitro may scavenge polyaro-
matic hydrocarbon cations in vivo (Deepalakshmi et al. 2013).

Obtained results for DPPH and FR AP assays showed mostly higher values
than the values obtained from the literature data (Deepalakshmi et al. 2013; Rani
et al. 2015; RasSeta et al. 2016; Saltarelli et al. 2009; Tel et al. 2015).

Our results are in accordance with data presented in previous studies for
OH’ assay (Deepalakshmi et al. 2013; Mohsin et al. 2011).

Generally, obtained results showed that all analyzed extracts, except H,O/
GLS, contained high TP content (Table 1). These results showed higher values
than in previous studies for the same fungal species from Korea and Serbia
(Hasnat et al. 2013; Kim et al. 2014; Veljovi¢ et al. 2017). Phenolic compounds
may be the key components accounting for the demonstrated results and man-
ifested antioxidant activities, statistically determined through correlations
(Table 1) (Novakovi¢ et al. 2016).

Table 1. Antioxidant activity, TP content and correlations between TP and antioxidant
activities of two G. lucidum fungal strains

e GLS GLC PG
Y EtOH H,0 EtOH H,0
ABTS 151404107 233042159 107.554111°  102.4240.60° 711.53+1.94°
(mg TE/g d.w.)
DPPH 3.6440.15°  275:001"  56.5142.80°  37.16£0.29°  0.53+0.02°
(png/mL)
OH 535£0.01°  023£0.01°  95.68+2.15¢  173.95:0.33¢  0.66=0.01*
(ng/mL)
. 765.28+0.71°  1108.30+2.82¢ 1014.65:0.01°  62.16=1.14>  0.48+0.01*
(ng/mL)
FRAP . . . .
(mg AABg dwy 11925094 696384133 76462073 127.00£0.29 -
TP b d c a
(mgGAEfgdw) OOT405T  ILSSH030" 42785032 77102027
R**
ABTS TP 0.98% 0.80* 0.93* 0.96*
DPPH TP 0.94% 0.93* 1.00* 1.00%
OH TP 0.13 1.00* 0.96* 0.98%
NO TP 0.94% 0.49 0.98* 1.00*
FRAP TP 0.29 0.76" 071" 0.87

Legend: GLS — G. lucidum (Serbia); GLC — G. lucidum (Croatia); PG — propyl gallate
(synthetic antioxidant); TP — total phenol content

Data are reported as mean =+ standard deviation of triplicates.

abede different letters in the same row indicate significant difference between extracts (p<0.01)
R? — correlation coefficient between antioxidant activity and TP content, * — all values are
statistically significant (p<0.05)
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The correlation between the TP and antioxidant capacity was significant
(specifically for GLC extracts), and these results suggested that a significant
amount of phenolic compounds was strongly linked to antioxidant and reduc-
ing power of analyzed fungal extracts. Furthermore, the chemical characteri-
zations and determinations of biopotentials of autochthonous species from
different geographical regions could have a great importance for future use of
mushrooms as potential medicinal supplements.

CONCLUSION

In the presenet study, two types of Ganoderma lucidum extracts (EtOH,
H,0) from different localities (Serbia-GLS and Croatia-GLC) were investi-
gated for their antioxidant, reducing power potential and total phenolic content.

Our results suggest that G. lucidum and their extracts could be very good
sources of naturally-derived antioxidants. The obtained assays showed that
H,O0 extracts in analyzed GLS and GLC extracts had mainly better antioxidant
activities than EtOH, with the exception of ABTS assay for both strains
(151.40+1.07 mg TE/g d.w. for GLS and 107.55+1.11 mg TE/g d.w. for GLC,
respectively), OH assay for GLS (I1C5,=0.23+0.01 pg/mL), and NO assay for
GLS (IC5p=765.28+0.71 pg/mL). PG, as a derivate of gallic acid, is essential
phenol which is used in foodstuffs to protect fats against oxidative rancidity
and showed the most powerful antioxidant activity with the exception of scav-
enging of OH radical (IC5,=0.66 pg/mL and IC5,=0.23 pg/mL for GLS H,O
extract, respectively).

The antioxidant activity of analyzed extracts had high correlation with
the content of their TP, therefore the fungal phenols may act as antioxidants.

This study suggests that H,O extract of G. lucidum generally possesses
better antioxidant activity, which firmly supports further studies with an aim
to promote consumption of H,O extracts in the form of tea or soups of G. lucidum
in the Balkan region, which represent food supplements rich in phenolics with
valuable health benefits for humans.
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I[IOPEBEWLE AHTUOKCUJJAHTHUX KATTALIUTETA JIBA COJA
Ganoderma lucidum PASJIMUUTOI TEOI' PA®CKOI ITOPEKIJIA

Munena J. PAILIIETA', Capa H. BPBAILIKU', Eneonopa B. BOILIKOBUR?,
Mupa P. [IOTIOBUR', Hena M. MUMHIIA-, I[YKI/I'FU Maja A. KAPAMAH?

! Vausepsuter y Hosom Cany, [IpuponHo-MaTeMaTHuky BakymnTer,
JlemapTMaHt 3a XxeMujy, OMOXeMH]y U 3aIUTUTY KUBOTHE CPEIHHE,
Tpr Hocuteja O6panosuha 3, Hosu Can 21000, Perry6nuka Cpouja
? Vuusepsutet y HoBom Ca/:[y, [IpupomHo-mMaTeMaTHIKu PaKynTeT,
JenapTmaH 3a OMOJIOTH]y U €KOJIOTH]Y,

Tpr Hocuteja O6pamosuha 2, Hoeu Cax 21000, Pery6sinka CpOuja

PE3UME: Ganoderma lucidum nipeacraBiba jeqHy 0/ Haj3HAYajHIX MEITUITTHCKUX
IJbHBa Ha CBETY, YHj€ CE IJIOIHO TEJIO U CIIOPE TPAIUIIMOHAIHO YIIOTPeOIbaBajy y KH-
HECKOj MEAMLUHHU 300T IIMPOKOT CIEKTPa GHOIOIIKUX aKTUBHOCTH: aHTHAM]jabeTCKe,
aHTHOKCHaTUBHE, aHTUNIPONU(EpPaTHBHE, KAPAUONPOTEKTHBHE. MehyTum, jou je
HENO3HAT €THOMEAMLUMHCKY 3Ha4aj y MOjeAMHUM JienoBuMa baskana, kao wro cy Cpou-
jau XpBatcka. Lluse oBor pana je ynopenHa cTyiMja aHTHOKCHJAaHTHE aKTUBHOCTH H
cajipkaja yKyImHUX (heHOJIa eTaHOIHUX U BOJleHUX ekcTpakata G. lucidum 3 Cpouje
(Moposuhke uryme, @pyuika ropa) u Xpsarcke ([lowu Jlanan, ILsemesnia). Onpehena
Je aHTHOKCHIaHTHA aKTHBHOCT CKCTpaKara npahemem TOTEHIL %ana penykuuje ABTS,
DPPH u OH panukana, xsatama NO kao u penykiuje Fe’" y Fe** FRAP tectom, kao u
HOCHOLY T€ aKTUBHOCTH, Tj. CaAp:Kaj YKYIHUX (QeHoma. Pesynratu yka3syjy na cy exc-
TPaKTH y30paKa u3 Cp6Hje JI00po penyKoBaIn OH n DPPH’ (I1C5¢p=0.23%0.01 3a H,O

oxHocHO 2.75+0.01 pg/mL 3a EtOH, motom ABTS™ (151.40+1.07 mg TE/g c.m. 3a EtOH),
JIOK je cazipikaj (heHosra OO CKOPO UCTH M Y CPIICKHM M 'y XpBaTckuM y3opuuma (77.10
+0.27 mg GAE/g d.w. 3a H,O oxnocHo 60.74+0.57 mg GAE/g d.w. 3a EtOH) te ce oBu
EKCTPAaKTH MOTY CMaTpaTH 3HAa4ajHUM M3BOPMMA NPUPOAHHX aHTHOKCHAaHaTa. OBK
pesyJITaTH NoKasyjy Aa MCIIMTHBAHHU eKCTpakTH (HapounTto H,O) caxprke BUCOK canpikaj
(peroma, KOju Cy IIIABHM HOCHOLIM AHTHOKCHAATHBHE aKTHBHOCTH. OBO je IpBa CTyAuja y
K0jOj je CaomILITEeHO nopeherhe aHTHOKCHIaTHBHE aKTUBHOCTH | caipykaja (heHoIa eKcTpa-
kara aBa coja G. lucidum paznuyauror reorpad)CKor nopeksa ca repuropuje bankana.

KJbYUYHE PEUU: anTuokcuaanthu kananuret, Ganoderma lucidum, dpenonn,
penyKUMOHa MOh, peayKIja pagukana
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ASSESSMENT OF DIESEL FUEL UPTAKE
BY FUNGI ISOLATED FROM PETROLEUM
CONTAMINATED SOIL

ABSTRACT: The aim of this research was to isolate and identify the fungi from pe-
troleum-contaminated soil, to test their ability to grow in the presence of diesel fuel and
uptake it in solid and broth media. Among 16 isolated and identified filamentous fungi, six
were tested to determine their growth on media enriched with diesel fuel as a sole carbon
source. All tested isolates showed different degree of diesel fuel utilization. Colony diam-
eter was measured, where the highest colony growth dynamics ratio was demonstrated for
Penicillium sp. (74.16%) and Cladosporium sp. (71.43%), and the lowest for Absidia spinosa
(23.15%). Results of dry mass measurements demonstrated the highest potential of A. strictum
(71.43%) to utilize diesel fuel in broth medium. All other tested isolates showed insignificant dry
mass production ratio values. The highest utilization degree was documented for A. strictum
(60.28 %) and the lowest for Penicillium sp. (25.18%).

KEYWORDS: diesel fuel utilization, fungi, soil

INTRODUCTION

Diesel represents a heavy petroleum fraction used as a fuel in diesel engines.
Petroleum or crude oil is, like all fossil fuels, a complex mixture of polyaro-
matic hydrocarbons (PAHs) and hundreds of different hydrocarbon components
like paraffins, naphthenes, phenols, etc. (Al-Jawhari, 2014). In high concentra-
tions, hydrocarbons from this petroleum product mixture are highly toxic for
most organisms. However, petroleum products are dominant in the world econ-
omy, which consequently leads to distribution of these pollutants in ecosystems,
especially in industrial areas (Adekunle and Adebambo, 2007). Leakage of these

* Corresponding author. E-mail: zexsavkovic@gmail.com
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products into soil occurs often in regions with oil production and processing,
where they can change physical and chemical characteristics of the soil and
have a strong impact on the environment. Nowadays, petroleum-contaminated
soil is becoming a global problem, as polluted grounds lack agricultural, in-
dustrial and recreational properties, and often become a source of surface and
underground water pollution (Al-Jawhari, 2014).

There are several soil purification methods including incineration, washing,
chemical treatment and bioremediation. Bioremediation is defined as utilization
of plants and microorganisms to remove or detoxify environmental contaminants
(Mohsenzadeh ez al. 2012). The ability to actively degrade specific petroleum
fractions has been proven for many microorganisms. This process has been inten-
sively studied over the past two decades, urged by cost-effective, sustainable
with natural environment, and in situ alternative fo more expensive engineer-
ing-based remediation technologies (Al-Jawhari, 2014; Mohsenzadeh et al.
2012). However, bioremediation is quite a time-consuming process, and some
bacteria need many years in order to obtain adequate results (Adekunle and
Adebambo, 2007; Thomas et al. 1998). Hence, the usage of combined cultures
of bacteria and fungi was proposed, especially because different components
of petroleum are differently susceptible to degradation (Al-Jawhari, 2014). It
has been shown that fungi have stronger petroleum degradation ability than
bacteria and fungi combined, and that mycoremediation is a more effective
method than traditional microbiological techniques (Thomas et al. 1998).

Previous researches have shown that some fungal species are resistant to
petroleum product pollution and have the ability to degrade it in order to purify
the soil. These researches were usually conducted in polluted areas of countries
rich in oil, like Saudi Arabia or Iran, where petroleum product pollution caused
significant treat to environment. Fungal species usually isolated from oil pol-
luted soils were: Alternaria alternata, Aspergillus flavus, Curvularia lunata,
Fusarium solani, Mucor racemosus, Penicillium notatum and Ulocladium
atrum. It was also shown that Pleurotus ostreatus, a widely known edible and
medical mushroom, had the ability to degrade PAH in soil (Mohsenzadeh et al.
2012).

Soils in the vicinity of gas stations are assumed to contain a lot of petro-
leum products and also to be habitats of microorganisms that can degrade these
products (Popov et al. 2008). The aim of this study was to isolate and identify
the soil microfungi from immediate surroundings of gas stations in selected
urban area, as well as to test their ability to degrade diesel fuel.

MATERIAL AND METHODS
Isolation and identification of microfungi

Soil was sampled using the sterile scoop in immediate surroundings of
gas stations in the center of town Valjevo. Samples were transferred to the
laboratory in sterile plastic bags, than diluted in sterile distilled water (1g/ml)
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and inoculated on standard mycological media Malt extract agar (MEA) and
Czapeck agar (CzA), in triplicates. Primary isolates were incubated in thermo-
stat (Memmert UE500) at 25+1 °C, and the growth of fungal colonies was
successively measured for seven days. Morphologically different colonies were
reinoculated on sterile MEA and incubated under the same conditions, in order
to get axenic cultures. After the incubation period, isolates were identified using
dichotomous keys, based on colony morphology and microscopic features of
reproductive structures (Samson et al. 2010; Watanabe, 2002). During the prepara-
tion of microscopic slides, hyaline fungal structures were dyed with Lactophenol
Cotton Blue and then observed under light microscope (Zeiss Axio Imager M.1
with AxioVision Release 4.6 software). All isolates were reinoculated on MEA
slants and deposited in Mycotheca of the Department of Algology, Mycology
and Lichenology at the Faculty of Biology, University of Belgrade.

Diesel degradation in solid media

Fungal-induced diesel degradation was tested using method described by
Adekunle and Adebambo (2007). Minimal salt agar (MSA) medium (0.1 g MgSO,;
4 ¢ NH4NO;s; 0.53 g KH,POy4; 2 g NaH,POy; 0.17 g CaSOy; 17 g agar-agar) was
enriched with 30 ml of diesel fuel as a sole carbon source. Originally isolated
microfungi were inoculated on prepared media and incubated in thermostat at
25+1 °C. During a period of seven days, growth dynamic, morphology, espe-
cially color of colonies and sporulation intensity, were successively observed and
compared with control cultures grown on MSA enriched with equal amount of
glucose (30 g) and expressed as colony growth dynamics ratio (DR) according
to formula:

DR =4

d,

x 100%

where d, represents the colony diameter of tested sample, and d. colony diameter
of control sample.

Diesel degradation in broth media

Minimal salt broth (MSB) medium (0.1 g MgSQOy; 4 g NH4NOs; 0.53 g
KH,;POy4; 2 g NaH,POy; 0.17 g CaSQO,) was used for testing the ability of die-
sel degradation in liquid cultures. Glucose enriched media (glucose conc. 30g/1)
were added in 12 glass flasks which were used as a control group (100 ml media
each), and diesel enriched media (diesel conc. 30 ml/l) were added in another
12 flasks (also 100 ml media each). Inoculation was carried out in duplicate
and cultures were incubated for 3 weeks on rotary shaker (Heidolpf Titromax
1000), at the room temperature. After that, media were filtrated using cellulose
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filter paper (Whatman, @ 5 um). The precipitate was then transferred to the
drying chamber (Binder) at 80 °C, and after 24 h its dry mass was measured
and expressed as dry mass production ratio (MR) according to formula:

s % 100%

me

MR =

where mg represents dry mass of tested sample, and m. dry mass of control
sample.

Remaining filtrate was used for absorbance measuring on spectropho-
tometer (CECIL CE 2501 2000), in order to quantify utilization of diesel fuel.
Filtrate aliquots (1 ml) were pipetted into the cuvettes and absorbance was
measured spectrophotometrically (A = 330 nm). Utilization degree (UD) was
calculated using the following formula:

UD=[1-

j 1x 100%

c

where A represents the absorbance of tested sample and A, absorbance of con-
trol sample.

RESULTS

A total of 16 filamentous fungi were isolated from the collected soil samples.
Most of the isolates were hyphomycetes, with genus Penicillium as dominant,
represented with six different species. For further testing, six isolates were
chosen: Absidia spinosa, Acremonium strictum, Cladosporium sp., Fusarium
sp. 1, Fusarium sp. 2, and Penicillium sp. (Figure 1).

Growth dynamics ratio on solid media is presented in Figure 2. The highest
value was demonstrated for Penicillium sp. (74.16%) and Cladosporium sp.
(71.43%), and the lowest for 4. spinosa (23.15%).

Morpho-physiological differences were documented for tested fungal
isolates in treatment and control group, based on their macroscopic and mi-
croscopic characteristics. Lack of sporulation and change in colony color were
documented for Fusarium sp. 1, while 4. spinosa showed lack of zygospores
production in MSA media enriched with diesel. Furthermore, morphological
differences were documented for Penicillium sp. colonies, which were inten-
sively pigmented on diesel enriched media. On the other hand Cladosporium
sp. colonies were paler with conspicuous concentric zonation.

Dry mass production ratio of isolated microfungi is shown in Figure 2.
The lowest value was documented for Penicillium sp. (0.46%) and Cladosporium
sp. (0.47%) and the highest for A. strictum (71.43%).
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Figure 1. Tested isolates of soil microfungi: a) Cladosporium sp., conidiophore,
ramoconidia and conidia; b) Absidia spinosa, zygospores; ¢) Fusarium sp. 1,
macroconidia; d) Fusarium sp. 2, microconidia; €) Acremonium strictum,
slime conidial heads; f) Penicillium sp., conidial chains.

Results of spectrophotometric analysis are shown in Figure 2. The highest
utilization degree in broth media (60.28%) was demonstrated for A. strictum,
and the lowest for Penicillium sp. (25.18%).
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Figure 2. Ratios (%) of dry mass production, utilization degree (in MSB) and colony
growth dynamics (on MSA) of tested fungi after 7 days of growth

DISCUSSION

Fungi isolated from petroleum-contaminated soil, members of genera
Absidia, Acremonium, Cladosporium, Fusarium and Penicillium are known
as typical colonizers of different soil layers (Dix and Webster, 1994; Watanabe,
2010). In this research, the most prevailing was genus Penicillium with 6 doc-
umented species. Al-Jawhari (2014) documented Penicillium species as the
most frequent isolates from soils near an oil refinery in Iraq.

All isolates selected for in vitro testing showed different potentials for
diesel fuel uptake. A. strictum displayed the highest UD in broth media and
moderate DR. Additionally, this isolate exhibited the highest MR which cor-
responds to its high UD value. This demonstrates high utilization potential of
diesel fuel for this isolate. April e al. (1999) documented a high mycelial
growth rate of Acremonium species in presence of liquid hydrocarbons, but the
same isolates did not display degradation potential. In contrast to A. strictum,
other tested isolates in our study showed insignificant MR values. Moderate
UD and DR values were documented for both tested Fusarium species which
demonstrated medium potential for diesel fuel uptake. Cekic et al. (2004) and
Chaudhry et al. (2012) reported Fusarium species as sucessful bioremediators
of carbohydrate pollutants in the oil refinery wastewater and soil enviroments.
Penicillium and Cladosporium isolates showed the highest DR values on solid
media, contrary to the lowest documented MRs. Cladosporium isolate displayed
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moderate, while Penicillium isolate displayed the lowest UD. April ef al. (1999)
reported Penicillium and Aspergillus species as the most documented fungi
with the ability to utilize various carbohydrates. These authors documented
the ability of carbohydrate degradation on solid media for 22 Penicillium soil
isolates. Cladosporium resinae, among others, was reported as one of the most
important microorganism in the natural environment with the ability to degrade
oil products (Walker et al. 1973). Documented discrepancy in growth rates of
Penicillium and Cladosporium isolates, depending on media type, can be ex-
plained by different cultivation conditions. In the research presented here, 4.
spinosa showed very low values of all monitored parameters in solid and broth
media. As opposed to our results, zygomycetes are often documented as suc-
cessful carbohydrate utilizers (Adekunle and Adebambo, 2007; Chaudhry et
al. 2012). Adekunle and Adebambo (2007) demonstrated the highest diesel and
kerozine degradation degree for Rhizopus species.

Chaudhry et al. (2012) reported that Aspergillus, Fusarium and Penicillium
species were the most efficient carbohydrate degraders because of the enzymes
they produce during their exponential growth phase. By enzyme catalysis, C-C
bonds in carbohydrate chains are broken, and that results in forming of lower
molecular mass compounds, which fungi can uptake by osmosis.

CONCLUSION

Results presented in this research suggest that all of the tested isolates have
the potential, in varying degrees, to successfully utilize diesel fuel. They also
represent a good starting point for further research on fungal diversity, as well as
for testing diesel utilization by different isolates. According to George-Okafor
et al. (2009), Aspergillus species are the most succesfull in degrading of different
carbohydrates, comparing to the other tested species. Therefore, further reasearch
should expand on testing ability of diesel fuel utilization by Aspergillus species.
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CIIOCOBHOCT I'JbBMBA N30JIOBAHUX 13 3EMJBUILTA
KOHTAMUWHUWPAHOI' HA®THUM JEPUBATUMA
JA KOPUCTE JU3EJI TOPUBO

Kemxko J[. CABKOBUH, Hesena M. BYKOJMUW'h, Musiomn U. CTYITAP,
Hukona 3. HOBAKOBUWh, Hukona JI. YHKOBUR,
Mununa B. JbLAJBEBUh-I'PBUR, Jenena b. BYKOJEBU'h

VYuusepsuret y beorpany, bruonomkn daxynrer,
WHucTuTyT 32 O0Tanuky u borannuka 6amra ,,JeBpemoBarr”,
Karempa 3a anronorujy, MEKOJIOTH]Y U TUXCHOJIOTH]Y,
Taxoscka 43, beorpan 11000, Perry6nuka Cpouja

PE3UME: [{umb pana 6una je u3onanuja u uaeHTH(GUKAIMja MUKPOMHUIIETA U3
3eMJBULITA KOj€ jeé KOHTAMUHUPAHO HAQTHUM JepUBaTHUMa Kao U yTBphUBame OTEHIIH-
jana mn3oJjara Jia pacTy y IPUCYCTBY AM3€] FOPUBA U Ja I'a KOPUCTE KA0 U3BOP YIJbEHUKA
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y arapu30BaHOM U TEYHOM Meaujymy. On 16 H30J0BaHUX M UACHTU(PUKOBAHUX (ria-
MEHTO3HHUX MUKPOMHULETA, LIECT je 0abpaHo 3a in vitro Tectupame. TecTupana je cro-
COOHOCT HM30J1aTa JIa PacTy Ha UBPCTOM M y TEYHOM Meaujymy oboraheHuM au3en
TOPHBOM Ka0 jeIUHUM U3BOPOM yIJbeHHKa. CBH TECTUPAHH M30JIaTH MOKA3aJIH CY
pasiIMYuMT CTENeH MeTabonucama An3el ropuBa Kao U3B0pa yribeHuka. Mepemem
JjaMeTpa KOJIOHHja Ha arapu30BaHoj MOJIO3M KOHCTAaTOBaHO je 1a Penicillium sp.
(74.16%) n Cladospormm sp. (71.43%) nokasyjy Hajsehy InHAMHKY pacta KOJIOHH]a,
a Absidia spinosa (23.15%) nHajMamwy. Pe3ynratn Mmepema cyBe Mace U30Jara rajeHnx
y TEYHOM MEJIHjyMy TIOKa3allu ¢y Jia 4. strictum uMa HajBehn noteHnmjan mertadonmcama
JIU3eJ TOpUBA. 3a OCTale TECTUPAHE N30JIaTe TI0Ka3aHa je He3HATHA MPOIyKIIHja CyBe
Mace. Hajsurum crenen kopuinhema jqusen ropusa, uzpaxken kao UD napamerap, 3a0e-
nexkeH je kox A. strictum (60,28%) a najuavxu kox Penicillium sp. (25,18%).
KJbYYHE PEYMU: ripuBe, 3eMIbHIITE, KOPUIITNECHE THU3€] TOpHBa
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ANTIFUNGAL ACTIVITY OF MACROFUNGI EXTRACTS
ON PHYTOPATHOGENIC FUNGAL STRAINS OF
GENERA Fusarium sp. AND Alternaria sp.

ABSTRACT: During the last decades, intensive application of synthetic fungicides
in the agricultural crop protection practice caused growing concern for the existence of
toxic chemical residues in food as well as in the whole environment. Instead of using syn-
thetic fungicides, it is suggested that crop protection be carried out by using preparations
based on compounds of natural origin (secondary metabolites of plants or microorganisms,
including macrofungi from Basidiomycota) as biological control agents. The potential of
macrofungal species as biocontrol agents was analyzed in this investigation of eight autoch-
thonous species from different locations in Serbia. Both the terricolous species: Coprinus
comatus, Coprinellus truncorum, Amanita strobiliformis, Hydnum repandum and the ligni-
colous species: Flammulina velutipes, Stereum subtomentosum, Trametes versicolor and
Bjerkandera adusta were examined, with an aim to detect some novel sources of antifungal
agents. This study surveyed antifungal activity of selected macrofungal extracts (MeOH,
EtOH and CHCIl;) against phytopathogenic Fusarium and Alternaria strains isolated from
garlic, soybean and rice: F. proliferatum, F. verticillioides, F. proliferatum, F. graminearum
and 4. padwickii. Microdilution method in 96 well micro-plates was applied for the estima-
tion of antifungal effects of macrofungi extracts in the range from 24.75 to 198.00 mg/ml
and determination of minimal inhibitory (MIC) and minimal fungicidal concentration
(MFC). EtOH extract of mychorhizal species H. repandum showed antifungal activity against
all analyzed phytopathogenic strains, with the strongest effect on Fusarium strains (MIC
24.75 mg/ml; MFC 24.75 mg/ml). Among others, MeOH extracts of S. subtomentosum and
C. micaceus showed similar effects while only B. adusta showed slight effect on Fusarium
strains (MIC 24.75-99.00 mg/ml; MFC 24.75-99.00 mg/ml) and none effect on 4. pad-
wickii. The obtained results indicate the possibility of using examined extracts as efficient
antifungal agents and provide the basis for the new formulations of biocontrol agents against
phytopathogenic fungi in the future.

KEYWORDS: Biocontrol, antifungal activity, Fusarium, Alternaria, Hydnum repandum
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INTRODUCTION

Intensive application of synthetic fungicides in combat against phytopath-
ogenic fungi has recently caused considerable concern, primarily due to toxic
and carcinogenic chemical compounds found in food after fungicide applica-
tion, as well as pollution caused by poor biodegradability of these compounds,
and the development of pathogenic strains resistant to common commercial
fungicides (Montesinos, 2003; Zivkovi¢, 2016).

Interest in introducing alternative plant protection measures is therefore
immense, especially concerning the research on novel organic fungicides,
which are a form of biological control and an important natural phenomenon.
Biological control is a way of protection of agro-ecosystems from harmful
organisms, mainly pathogens, carried out by applying various agents and bio-
pesticides such as microorganisms (bacteria, yeasts, macro-fungi) and their
metabolic products or plants and plant extracts. Possibilities of applying macro-
fungal extracts for biological control of invasive organisms, especially phytopath-
ogenic fungi, are therefore one of the top priorities in scientific research.

The term “macrofungi” relates to the fungi visible to the naked eye i.e.
containing large fruiting bodies, which mainly belong to phyla Basidiomycota,
Ascomycota (Chang and Miles, 2004) Macrofungi produce biologically active
compounds, products of primary or secondary metabolism, with different
activity: antifungal, antimicrobial, antioxidant, anti dlabetogemc anticarcino-
genic, immunomodulatory (Kiho ez al. 1996; Kim et al. 1999; Wasser, 2002;
Lindequist et al. 2005; Karaman et al. 2009; Karaman et al. 2014). Macrofungi
produce antimicrobial and antifungal metabolites so as to survive in their natural
environment, thus the different macrofungal species (Ganoderma carnosum,
Hydnum repandum, Hygrophorus agathosmus, Lenzites betulina, Lepista nuda,
Leucoagaricus pudicus, Paxillus involutus, Polyporus arcularius, Rhizopogon
roseolus, Sarcodon imbricatus, Trametes versicolor) can be used as a new source
of natural compounds with antifungal activity (Yamag and Bilgili, 2006).

Antifungal activity has been confirmed in 50 different species so far, in-
cluding mostly the wild, edible macrofungi originating from Turkey, Portugal,
China, Japan, Brasil, Hungary, Ireland and Malesia, namely Flammulina ve-
lutipes, Hydnum repandum, Lentinus edodes, Ganoderma lucidum, as well as
the antifungal activity of various macrofungal extracts (Hirasawa et al. 1999;
Hatvani, 2001; Smania et al. 2007; Hearst et al. 2009; Oztiirk et al. 2011; Teoh
et al. 2012; Alves et al. 2013; Heleno et al. 2013). Majority of the studies focus
on antifungal activity towards one species of the human pathogen Candida
albicans (Rosa et al. 2003; Kalyoncu i Oskay, 2008; Kalyoncu et al. 2010; Ozen
et al. 2011), while others deal with phytopathogenic fungi Fusarium verticillioides,
Botrytis cinerea, Fusarium oxysporum, Physalospora piricola, Mycosphaerella
arachidicola (Wang, 2004; Lindequist et al. 2005; Wang, 2006; Gilardoni et al.
2007; Wang et al. 2012).

Since studies of autochthonous fungi of different geographical origin are
important for discovering new isolates with prospective antifungal activity,
the aim of the study was to draw attention to the use of “raw” extracts of the
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selected macrofungi, such as Coprinus comatus, Coprinellus truncorum,
Amanita strobiliformis, Hydnum repandum, Flammulina velutipes, Stereum
subtomentosum, Trametes versicolor, and Bjerkandera adusta, in biocontrol
of phytopathogenic fungi, namely Fusarium and Alternaria isolated from gar-
lic, soybean and rice, as a prospective mode of plant protection.

MATERIAL AND METHODS
Preparing the suspension of filamentous phytopathogenic fungi

Isolation of five phytopathogenic fungi was carried out on a nutrient Potato
Dextrose Agar agar (PDA) using the infested plant parts which showed symptoms
of rot (Table 1). After growth and sporulation, fungi were isolated from the
monospore cultures in order to obtain uniform isolates (Figure 1). Tested and
confirmed, such obtained isolates are phytopathogenic (Ignjatov et al. 2016).

Table 1. Isolated phytopathogenic fungi and host plants*

Code Pathogen Hosts
BLI Fusarium proliferatum Garlic
BL4 Fusarium verticillioides Garlic
BL5 Fusarium proliferatum Garlic
S1 Fusarium graminearum Soybean
ALT Alternaria padwickii Rice

* fungal collection — dr Maja Ignjatov

Figure 1. Analyzed phytopathogenic fungi: F. graminearum S1, A. padwickii, F. prolifer-
atum BL1, F. verticillioides BL4 , F. proliferatum BLS5 (collection — dr Maja Ignjatov)
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Cultures were grown on PDA, which proved to promote fast growth and
sporulation, within 7 days at 27 °C. After incubation under sterile conditions,
a sample of the cultivated fungi was taken and suspended in sterile distilled
water. Suspension of spores of F. proliferatum (BL1), F. verticillioides (BL4),
F. proliferatum (BL5) was at the density of 1.5 x 107 cells per ml (c¢/ml), whlle the
observed density in F. graminearum (S1) and A. padwickii was 1.5 x 10° ¢/ml.
Biirker Tiirk chamber (hemocytometer) and a microscope were used in order
to obtain the adequate inoculum turbidity and the desired density. The number
of spores in the chamber was determined by direct counting using a microscope
(Olympus, BX51, Japan) in specific chamber cubes. The number of spores in
a chamber is used to calculate the concentration or spore density in a suspension,
using the formula:

(no. of counted cells) < 1000
(no. of chambers) x (chamber volume)

Mixture cell concentration =

Suspensions with adequate density were obtained (1.5 x 1071 1.5 x 10° ¢/ml)
using this formula.

Preparation of MeOH, EtOH, CHCI; macrofungal extracts

Eight autochthonous macrofungi were collected from different locations
in Serbia (Fruska Gora, Tara and Sremski Karlovci), four of which were terricol-
ous: Coprinus comatus (O.F. Miill.) Pers. 1797, Coprinellus truncorum (Scop.)
Redhead, Vilgalys & Moncalvo 2001, Amanita strobiliformis (Paulet ex Vittad.)
Bertill. 1866, Hydnum repandum L. 1753, and four lignicolous species: Flam-
mulina velutipes (Curtis) Singer 1951, Stereum subtomentosum Pouzar 1964,
Trametes versicolor (L.) Lloyd 1921, Bjerkandera adusta (Willd.) P. Karst. 1879.

Fungal fruiting bodies were first cleaned and lyophilized at -80 °C, under
vacuum. The lyophilized mass obtained from the samples was measured (OHAUS
explorer, ex 224M), and then extracted in the ratio of 1:10, using different
solvents (70% MeOH, 80% EtOH, and 100% CHCIs). Extraction was carried
out in a mechanical mixture for 72 h (New Brunswick Scientific, Edison, USA)
(100 rpm). Thereafter, the obtained extracts were filtered on a vacuum pump
using filters paper Watman No. 1 (Fironi, Italy).

MeOH and EtOH extracts were then evaporated on a Rotavapor unit
(Biichi, R-210, Switzerland) at 50 °C, while the CHCI; extracts were evaporated
at 40 °C. Thereafter, the leftover dried mass thus obtained was dissolved in a
specific solvent so as to obtain the final concentrations of the extracts, i.e. 10%,
20% and 40% (w/w).

The following concentrations of extracts were obtained: 10% MeOH
(T versicolor), 20% MeOH (F. velutipes, S. subtomentosum, H. repandum, B.
adusta), 40% MeOH (4. strobiliformis, C. comatus, C. truncorum), 20% EtOH
(H. repandum, A. strobiliformis, C. comatus, C. truncorum), and 20% CHCl;
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(C. comatus, C. truncorum). The prepared extracts were kept in a refrigerator
at +4 °C, until the next use.

Testing antifungal activity of MeOH, EtOH, CHCl;
macrofungal extracts using the microdilution method

Antifungal activity of analyzed macrofungi was determined in vitro by
microdilution method in 96 well microtiter plates (Spektar, Cagak, Serbia), so
as to determine the minimal inhibitory and fungicide concentrations (MIC and
MEC). Sterile polypropylene microtiter plates were used for this purpose . The
total volume of a well was 101 pl. The amount of 50 pl nutrient broth (Malt broth,
Torlak, Serbia) was applied into each well and 1 pl of phytopathogenic fungal
spore suspension in 3 different double solutions (100%, 50% and 25%).

Microtiter plates were incubated for 72 h at 27 °C, and the results were
read visually. The first concentration of extract without visible growth was
taken as minimal inhibitory concentration (MIC), while minimal fungicide
concentration (MFC) was determined after reading the MIC values, by trans-
ferring the whole volume of a well onto petri Malt Agar plates (Torlak, Serbia).
The total volume was transferred to the Malt agar plates without any turbidity
noticed. After incubation for 72 h at 27 °C, the results previously monitored
by counting colonies were read.

RESULTS AND DISCUSSION

The results obtained by the microdilution method were presented (Table 2)
through a parallel review of MICs and MFCs of macrofungal extracts towards
phytopathogenic fungal strains: four Fusarium (F. proliferatum — BL1, F. verti-
cillioides — BLA4, F. proliferatum — BLS, F. graminearum — S1) and one Alternaria
(4. padwickii — ALT).

Among the tested macrofungal extracts, antifungal activity to all the tested
phytopathogenic fungi was displayed by the EtOH extracts of H. repandum, the
strongest to strains Fusarium sp. (MIC 24.75 mg/ml; MFC 24.75 mg/ml), while
somewhat lower to A. padwickii (MIC 24.75 mg/ml; MFC 49.50 mg/ml). On
the other hand, the MeOH extract of the same species exhibited activity to 4.
padwickii (MIC 24.75 mg/ml), as well.

Besides, the EtOH extract of H. repandum, antifungal activity to all phy-
topathogenic isolates was exhibited by MeOH extracts of S. subtomentosum
(MIC 49.50-99.00 mg/ml; MFC 49.50-99.00 mg/ml) and C. truncorum (MIC
99.00-198.00; MFC 99.00-198.00 mg/ml). MeOH extract of B. adusta had
effect only on Fusarium (MIC 24.75-99.00; MFC 24.75-99.00 mg/ml), while
the MeOH extracts of C. comatus, T. versicolor, F. velutipes, as well as EtOH
extracts of C. comatus, A. strobiliformis, and the CHCI; extract of C. comatus
had antifungal effects on the phytopathogenic isolate A. padwickii.
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Table 2. MIC and MFC values (mg/ml) analyzed for MeOH, EtOH, and CHCI; macro-
fungal extracts towards phytopathogenic fungi (moulds)

Fusarium Fusarium Fusarium Fusarium Alternaria
Moulds—  proliferatum  verticillioides  proliferatum  graminearum padwickii
(BLI) (BL4) (BL5) (S (ALT)
Fungal * e MEC MIC MFC  MIC MFC  MIC MFC  MIC  MEC
extracts
! concentration (mg/ml)

MeOH
CcMeOH nd nd nd nd nd nd nd nd 99.00 nd
CtMeOH 198.00 198.00 198.00 198.00 198.00 198.00 198.00 198.00 99.00 99.00
AsMeOH nd nd nd nd nd nd nd nd nd nd
BaMeOH 99.00 99.00 4995 4995 4995 4995 2475 2475 nd nd
HrMeOH nd nd nd nd nd nd nd nd 24.75 nd
TvMeOH nd nd nd nd nd nd nd nd 49.50 nd
FvMeOH nd nd nd nd nd nd nd nd 99.00 nd
SsMeOH  49.50 49.50 99.00 99.00 99.00 99.00 49.50 49.50 99.00 99.00
EtOH
CcEtOH nd nd nd nd nd nd nd nd 99.00 nd
CtEtOH nd nd nd nd nd nd nd nd 99.00 nd
AsEtOH nd nd nd nd nd nd nd nd 99.00 nd
HrEtOH 2475 2475 2475 2475 2475 2475 2475 2475 2475 49.50
CHCl,
CcCHCl, nd nd nd nd nd nd nd nd 2475 nd
CtCHCl, nd nd nd nd nd nd nd nd nd nd
*nd — not detected, CcMeOH — MeOH extract C. comatus, CtMeOH — MeOH extract C.
truncorum, AsMeOH- MeOH extract A. strobiliformis, BaMeOH — MeOH extract B
adusta, HrtMeOH — MeOH extract H. repandum, TvMeOH — MeOH extract 7. versicolor,
FvMeOH — MeOH extract F. velutipes, SSMeOH — MeOH extract S. subtomentosum,
CcEtOH — EtOH extract C. comatus, CtEtOH — EtOH extract C. trucorum, AsEtOH —

EtOH extract A. strobiliformis, HrEtOH- EtOH extract H. repandum, CcCHCl; — CHCl;
extract C. comatus, CtCHCl; — CHCl; extract C. trucorum

Only in case of the MeOH extract of 4. strobiliformis and CHCI; extract
of C. micaceus, no antifungal effects on any of the tested phytopathogenic
isolates were observed.

According to Aqueveque et al. (2016), MeOH extract of two species of
the Stereum genus showed weak antifungal activity, exhibiting very weak
antifungal activity to B. cinerea in only 7 out of 36 strains tested. In our study,
MeOH extract of S. subtomentosum had a strong antifungal effect on all the
tested phytopathogenic strains reaching MIC at 49.50—99.00 mg/ml and MFC
at 49.50-99.00 mg/ml.

MeOH extracts of the both cultivated and wild C. comatus in the study
of Stojkovi¢ et al. (2013) exhibited strong antifungal effect on Trichoderma
viride (MIC 0.25-1.50 mg/ml and MFC 1.50-3 mg/ml) and Aspergillus versicolor
(MIC 0.20-0.75 mg/ml and MFC 1.50-3 mg/ml). Slightly weaker antifungal
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activity to Aspergillus fumgiatus and Penicllium verrucosum was observed,
while the lowest was detected for the MeOH extract of wild Aspergillus niger.
In the present study, the MeOH extract of C. comatus exhibited no antifungal
activity on Fusarium, whereas it was detected on Alternaria strain tested (MIC
99.00 mg/ml). According to Ehssan and Saadabi (2012), EtOH extract of C.

comatus from Soudan did not exhibit antifungal activity on phytopathogenic
strain A. niger. The result is partialy in accordance with our results obtained
in the study which showed generally low antifungal activity of the EtOH extract
of C. comatus (Table 2). EtOH extract of Hydnum repandum in the study of
Yamag et al. (2006) exhibited low antibacterial activity, (eight bacterial strains
without activity and only one with < 10 mm) using the disc diffusion method,
whereas high antifungal activity was observed in our study on Fusarium strains
(MIC 24.75 mg/ml; MFC 24.75 mg/ml).

According to Alves et al. (2012) proteins and polysaccharides (B-Glucans)
isolated from mushrooms showed antifungal activity. Earlier studies indicate
that the diterpenoids and sesquiterpenoids from Basidiomycetes macrofungi
showed antifungal activity against some phytopathogenic fungal strains: Fusarium
culmorum, Alternaria solani, Botrytis cinerea, Trichoderma lignorum (Flori-
anowicz, 1999; Liu, 2007). According to Wang et al/ (2012) sesquiterpenes,
enokipodin F, G and I isolated from F. velutipes mycelium presented low activity
against Aspergillus fumigatus with 1Csovalues 229.1 + 3.6, 233.4 + 3.8, 235.1
+ 4.2 uM respectively and the result is in accordance with our study which
showed generally low antifungal activity of the MeOH extract of F. velutipes
on all phytopathogenic strains.

CONCLUSION

Antifungal activity in all the tested phytopathogenic fungi was exhibited
by the EtOH extract of H. repandum, with the strongest activity to Fusarium
strains (MIC 24.75 mg/ml; MFC 24.75 mg/ml) and weaker activity to A. pad-
wickii (MIC 24.75 mg/ml; MFC 49.50 mg/ml). Antifungal activity to all tested
phytopathogenic fungi was found for MeOH extracts of S. subtomentosum and
C. truncorum, but in higher concentrations (MIC 49.50-99.00 mg/ml; MFC
49.50-99.00 mg/ml and MIC 99.00-198.00; MFC 99.00—198.00 mg/ml, respec-
tively). MeOH extract of the macrofungi B. adusta exhibited high antifungal
activity to Fusarium (MIC 24.75-99.00 and MFC 24.75-99.00 mg/ml), while
no activity to A. padwickii was observed. In extracts not exhibiting activity
to Fusarium phytopathogenic fungi, minimal inhibitory concentrations to
A. padwickii were detected. MIC of 24.75 mg/ml was detected in the MeOH
extract of H. repandum and the CHCI; extract of C. truncorum, at the concen-
tration of 49.50 mg/ml in metanol extract of 7. versicolor, 99.00 mg/ml in MeOH
and EtOH extract of C. comatus, EtOH extract of C. truncorum, MeOH extract
of F. velutipes, and EtOH extract of A. strobiliformis.

Based on the results obtained in this study, we can conclude that some
macrofungal extracts such as EtOH of H. repandum, MeOH of S. subtomentosum,
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MeOH of C. truncorum and MeOH of B. adusta are potentially efficient anti-
fungal agents, and can therefore be the basis of the formulations for preparations
used in biocontrol against phytopathogenic fungi.
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AHTHUOYHI'AJIHA AKTUBHOCT EKCTPAKATA
MAKPOI'JBMBA HA ®UTOITATOI'EHE COJEBE I'’JbBMUBA POJIOBA
Fusarium sp. Y1 Alternaria sp.

Hemama P. CIIPEMO!, Kpucrtuna JI. TECAHOBI/IT11 Mumana C. PAKUR',
Jbumana H. JABYLLIEBUR, Maja B. UTEhATOB?, JIparana b. BJEJIUR?,
Maja A. KAPAMAH!

"' Vuugepsurer y Hosom Casy, [Ipuposino-MaTeMaTuuku GaKynTer,
JemapTMaH 3a OHOJIOTH]Y U €KOJIOTH]Y,
Tpr Hocuteja O6pamosuha 2, Hosu Cax 21000, Perry6muka Cpouja
2 IHCTUTYT 3a paTapcTBO U TIOBPTApCTERO,
Maxkcuma I'opkor 30, Hou Cax 21000, Pemry6mmka CpOuja

PE3MME: Tokom nocneamux eleHja MHTe3MBHA IPUMEHA CHHTETHUKHUX (QYHTH-
LuJa y 3alITUTH IOJbOIPUBPEIHUX yCeBa U3a31Ba CBE Behy 3a0pUHYTOCT Jby iU 3001
MIPUCYCTBA TOKCHYHUX XEMHJCKHX OCTATaKa y TpexpaMOCHUM IPOM3BOMMA KA0 U 1IETI0]
OKOJIMHHU. YMecTo KopHITherha CHHTeTHYKUX (DYHTHIIUIA, IIPETIOpYydy]je Ce Jia Ce 3alllTH-
Ta yceBa BpIIM KOpUINhemeM npernapara Ha 0a3u jeIuibermba IIPUPOITHOT MopeKa (ce-
KyHIapHU MeTa00IUTH OMJbaKa WIIH MAUKPOOPTraHH3aMa YKJbyuyjyhu U MakporJbuBe U3
pazaena Basidiomycota) kao areHce OHOJIOIIKE KOHTPOJIE. Y OBOM pajy UCTPaKMBaH
je moTeHIuja areHaca OMOJIOIIKe KOHTPOJIE 38 0CaM ayTOXTOHUX BPCTa MaKpOTJbHBA
¢ pa3nuuuTux JokanuteTa y Cpouju. O6e, Tepukonne Bpcre: Coprinus comatus, Co-
prinellus truncorum, Amanita strobiliformis, Hydnum repandum v IUTHUKOIIHE BPCTE:
Flammulina velutipes, Stereum subtomentosum, Trametes versicolor u Bjerkandera
adusta cy UCTpa)KeHe ¢ LIUJbEeM J1a C€ OTKPHjY HEKH HOBU U3BOPH aHTU(YHTAJIHUX are-
Haca. Y OKBUPY OBOI pajia HCTpaXKeHa je aHTHU(yHraaHa akTHBHOCT 0a0paHuX eKCTpa-
KaTa MaKpOIbHBa (METAHOIHH, ETAHOIHH U XJIOPOPOPMCKH) IPOTHB (PUTONATOTEHUX
cojeBa Fusarium n Alternaria n3onoBaHux ¢ 0eIor JIyka, coje u nupuHva: F. prolife-
ratum, F. verticillioides, F. proliferatum, F. graminearum u A. padwickii. 3a npoueny
aHTmbyHranHor e(beKTa eKCTpaKaTa MaKpOrJjbiBa yIoTpeOsbeHa je MUKPOIHITY ITHOHA
METO/[a MUKPOTHUTAp IJIouaMa ¢ 96 BesoBa y oricery KoHueHTpaiuja oz 24,75 1o 198,00
mg/ml u gerepmuHaIMjy MEHUMaHe nHXHOUTOpHE (MIC) M MUHMMaHE QyHTUIUIHE
koHueHTpanuje (MFC). ETanonHu ekcTpakT MUKOpH3HE BpcTe H. repandum mnokazao
je aTudyHrajaHy akTHBHOCT ITpeMa CBUM aHAJU3UPAHUM (PUTONATOTEHUM COjEBHMA, Ca
HajjaunM epexrom npema cojeuma Fusarium (MIC 24,75 mg/ml; MFC 24,75 mg/ml).
W3mely ocranor, cnuyal edexaT NoKa3anu Cy U METaHOJIHU eKCTPaKTH S. subtomen-
tosum v C. micaceus, oK je camMo B. adusta nmana 6naru edekar Ha cojeBe Fusarium
(MIC 24,75-99,00 mg/ml; MFC 24,75-99,00 mg/ml), anu ue u Ha A. padwickii. loou-
JjeHH pe3yJTaTH yKa3yjy Ha MoryhHocT kopuiihemha HCTUTaAHUX eKCTpaKaTa Kao Beoma
e(pUKacCHUX aHTU(PYHTAITHUX areHaca ¥ CAMHM THM OHU MPECTaBIbajy OCHOBY 32 HOBE
(bopmymaryje GHOKOHTPOIHIX areHaca MPOTHB (pUTOIATOTCHUX IJbHBA Y Oy ayhHOCTH.

KJbYUHE PEUU: 6uokonTpoia, anTu(hyHraaHa akTuBHOCT, Fusarium, Alter-
naria, Hydnum repandum
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MORPHO-ANATOMICAL CHARACTERIZATION OF
Tuber macrosporum/Corylus avellana MYCORRHIZAS
FROM CULTIVATED SEEDLINGS: CASE REPORT

ABSTRACT: This study investigated the presence of mycorrhizae on seedlings from

part of ten-year-old truffles plantation (about 3,000 m?) located in Eastern Serbia. This study
is observation of the presence of ectomycorrhizal fungus from genus Tuber during its sym-
biotic stage on the roots of Corylus avellana L. Ten root samples were collected (randomly)
and observed macroscopically and microscopically analyzed. There were changes in mor-
phology and anatomy of the infected roots of C. avellana. Mantle was clearly observed to
cover the roots and the mycelia formed the Harting net. Among arbitrary selected seedlings,
there were found mature fruiting bodies on the surface of the soil. The truffles, identified as
Tuber macrosporum Vittad, were found in the immediate vicinity of the hazelnut trees. There
has been no previous information of mycorrhizae Tuber macrosporum/Corylus avellana on
artificially created truffles plantation in Serbia.

KEYWORDS: Tuber spp., Corylus avellana L, ectomycorrhizae, morpho-anatomical
characters, ascocarp, ascospore

INTRODUCTION

The mycorrhiza is a widespread symbiotic association between land plants

(roots) and fungi. About 8,000 plant species form ectomycorrhiza, one type of
mycorrhiza, were characterized by the presence of hyphal sheath or mantle on
the surface of a root, Harting net (hyphae nets between cortex root cells) and

* Corresponding author. E-mail: jelenastanojkovic26@yahoo.com
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extraradical mycelium (Agerer, 1995). Ectomycorrhizal associations are usually
mutual relationships in which a fungus provides water and nutrients for its plant
partner and receives assimilates from its host (Finlay, 2008). In this type of mycor-
rhiza symbiosis, both higher plants from families such as Pinaceae, Betulaceae,
Fabaceae, Dipterocarpaceae, Fagaceae and Myrtaceae are involved (Brundrett,
2009) and the fungi that belong mostly to the phyla Basidiomycota and Asco-
mycota. Ectomycorrhizal associations are formed by estimated 20,000-25,000
fungal species (Rinaldi ez al. 2008).

The genus Tuber belongs to Ascomycotina, Pezizales, Tuberaceae family.
These fungi establish an ectomycorrhizal symbiosis with trees and shrubs and
as a result of this symbiosis hypogeous ascocarps — fruit body (truffles) is
produced in order to accomplish their life cycle (Mello et al. 2006). The genus
contains 180-230 species, subspecies and varieties distributed worldwide (Bonito
et al. 2010). In Europe, around 32 species are considered to be valid (Ceruti et al.
2003). Truffles have been collected and consumed by humans for centuries.
Because of their specific taste and smell, as well as the special conditions in
which they can grow, these edible fungi are among the most expensive ones
in the world. The most hunted and prized truffles species are the white species
Tuber magnatum Pico and the black ones are 7. melanosporum Vittad. and
T. aestivum Vittad. (Wang and Marcone, 2011).

This first study on hypogeous fungi (truffles and truffle-like fungi) in Serbia
started in 1992. Collected material, fruit bodies of Tuber species had been
founded and identified and extensively studied during the last decade of the
twentieth century (Milenkovi¢ et al. 1992; Glamoclija, 1996; Glamoclija et al.
1997; Glamoclija, 1999a). Acording to the earlier reports and new investigations,
Marjanovic et al. (2010) provided expanded list of species of the genus Tuber
founded in Serbia and showed the first molecular verification of the Tuber spp.
samples originating from Balkan Peninsula. Recently, Milenkovi¢ et al. (2015)
founded new truffle species from Serbia.

Despite the current interest in truffles in Serbia, there is not much infor-
mation about artificially established truffle plantations. In publications (Gla-
moclija, 1999b; 2000), given results represent a successful mycorrhization roots
system of four species of oaks and hazel trees with ascospore suspension of
different species of truffles. Plants had been grown in a greenhouse and after
monitoring the development of mycorrhiza at the structural and ultra struc-
tural level during 4, 8, 10 and 36 months, they were set in the experimental
well. These presented data have no prior results relating to the period of ob-
servation of ectomycorrhizae after 36 months.

Information given in the daily press about the existence of 150 truffle
plantations with a total area of 33 hectares have not been officially verified by
government institutions. The owners of land that is suitable for the growth of
artificially mycorrhized host plants with 7uber spp plant them, but there is no
official company that deals with the control of production, transport and sales

242



of inoculated plants in Serbia. The register orchards of truffles in Serbia have
not been created yet.

Thus, the objective of this study was the morphological and anatomical
characterization of an unknown ectomycorrhizas of host species Corylus avellana
from cultivated seedlings from part of a ten-year-old truffles plantation and
identification of valuable fruit body after that period.

MATERIALS AND METHODS
Identification of the truffle-ground, geographical data

In autumn 2016, we were invited to visit and determine what kind of
mycorrhizae is situated in the plantation near the town of Pozarevac (Eastern
Serbia). The truffle-ground (about 3,000 m?) is placed in Kli¢evac 44°44°01.0”"N
21°17°18.3”E where a plantation was established during the autumn 2007. Ac-
cording to the owner, he bought commercially produced seedlings of Corylus
avellana inoculated with the black truffle.

Sample source

Twenty seedlings C. avellana from a small part of the plot were observed.
Ten root samples were collected (randomly) from 10 cm depth increments of the
root system, rinsed in water and observed under a stereo dissecting microscope
(Leica WILD M3Z, Germany) in order to find ectomycorrhizal roots.

The three fresh mature ascocarps of truffles, each characterized by a
gray-brown surface occur at about 1-5 cm depth. The fruit bodies were washed
in tap water with a brush and air-dried afterwards. Each truffle was examined
macroscopically and microscopically and identified by morphological methods,
according to Montecchi and Lazzari (1993). The dried voucher specimens are
deposited at the Fungal Collection Unit of the Mycological Laboratory, Depart-
ment for Plant Physiology, Institute for Biological Research “SiniSa Stankovi¢”.

Light microscopy

Root tips 5-10 mm long and pieces of fruit body (10 mm x 5 mm) were
fixed in FAA (formalin-acetic acid-ethanol 10:5:85), dehydrated in a graded
ethanol series and embedded in paraffin wax at 58 °C. Sections (8 Im thick)
were stained with haematoxylin (cross sections of fruit bodies), alcian blue and
Schiff’s reagent (cross sections of root tips) and examined under a Zeiss Axiovert
microscope (Carl Zeiss GmbH, Géttingen, Germany).
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RESULTS AND DISCUSSION

Identification based on the morphological features of ascocarps
collected from plantation of Corylus avellana

The fruit body has ascocarp: globose, regular shape, lobed, with a diameter
of 2—5 cm. Peridium: brownish to black rigid with very short and flat warts.
Gleba: grey brown to brown-lilac and purple-brown, with thick, branching and
winding white veins (Figure 1). The globose to subglobose asci of 132—135
(130) x 75—82 (80) um size contain 1-3 yellowish-brown spores (generally two)
(Figure 2.). The ellipsoid spores were 58—62 (60) x 70—74 (70) um, covered
with reticulate-alveolate, polygonal, dense, closed and small meshes (Figure
2a). Odor of mature ascocarp was intensive and specific and had aromatic
resemblance of garlic while its aroma was similar to the white truffle 7Tuber
magnatum Pico (Benucci et al. 2016). The shape and size of all small fruit
bodies found on parts of experimental orchards are in accordance with those
reported for Tuber macrosporum Vitt.

“Garlic truffle” (T macrosporum) is a common species in Serbia, col-
lected from October to December in hilly terrains of low mountains. The hosts
of T macrosporum in Serbia are oak (Quercus robur L.), native poplars (Pop-
ulus alba L., P. nigra L.), ash trees (Fraxsinus angustifolia L., F. exselsior L.)
and maple (Acer campestre L.) (Glamoclija et al. 1997; Marjanovic et al. 2010;
Purdevic et al. 2015).

T macrosporum has a wide distribution in Balkan Peninsula being com-
mon in Serbia but also occurs in Croatia and Slovenia. In Europe, harvested
ascocarps of 7. macrosporum are common in Hungary and Romania, less
frequent in Italy and rare in France and Great Britain but occur in Switzerland,
Germany and the Ukraine. Recently, it has been reported in Slovakia, Poland
and Turkey (Benucci et al. 2016).

In contrast, the world’s most hunted and expensive truffles species (7.
magnatum, T. melanosporum and T. aestivum) T. macrosporum has limited
reputation and market (Zambonelli et al. 2015). This attractive species with
small fruit bodies and specific organoleptic features can merit more attention.

This is the first report of the valuable hypogeous fruit bodies 7. mac-
rosporum originated from truffle plantations in Serbia.

Identification based on the morphological features of mycorrhizal
roots collected from plantation of Corylus avellana

Mycorrhizal roots were thick, cylindrical with rounded tips and developed
a white mantle. Tuber macrosporum ectomycorrhiae were simple or ramified
in monopodial-pinnate or monopodial-pyramidal pattern. Mycelia proliferate on
the root surface and form the multi-layered mantle (Figure 3). According to Ager-
er (2001), mantles can be divided into two main groups depending on the hyphal
distribution and organization: plectenchymatous and pseudoparenchymatous.
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The mantle, formed on the surface of the Corylus avellana roots was psudo-
parenchymatous, composed of angular/epidermoid cells that formed puzzle-like
pattern and probably contained glycogen. Piche ef al. (1981) using the PAS reaction
(Schift’s reaction) showed that the inner mantle and Harting net formed on short
roots of Pinus strobus contained PAS-positive material, presumably glycogen.

Figures 1-4.

Legend of the figure:

Figure 1. Fruit body of Tuber macrosporum; Figure 2. Cross section of

T. macrosporum fruit body; Figure 2a. Oval ascus with ascospores. Note reticular
ornamented; Figure 3. Cross section of the ectomycorrhizal roots tip of Corylus avellana.
Note mantle and Hartig net; Figure 4. Pseudoparenchymatous mantle;
Figure 4a. Detail: pariepidermal Harting net
P-peridium; G-gleba; VE-venae externae; VF-venae fertilae; A-ascus; M-mantle;
H- Harting net; RM-root apical meristem
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Pseudoparenchymatous mantles have short-celled, inflated, compactly packed
hyphae, that look like a true parenchyma. From a phylogenetlc point of view,
hyphal organization in pseudoparenchymatous mantles is considered more
advanced (Agerer, 1995). Cells of ectomyccorrhizal mantle of 7 macrosporum
varied in shape and size (Figure 4). Bennucci et al. (2012) showed significant
differences in size and shape within the same ectomycorrhizas. Hyphae penetrate
between epidermal cells to form a Hartig net (Figure 3, 4, 4a). The Hartig net,
the zone of contact between the plant and the fungus, plays the key role in the
transfer of nutrients between both partners (Corréa et al. 2012).

The high economic value of truffles has stimulated researchers to find the
most efficient methods for cultivating them. 7. macrosporum ectomycorrhizae
with hornbeam seedlings were published first by Giovannetti and Fontana
(1980—1981). The other authors (Zambonelli et al. 1993; Granetti, 1995; Agerer
and Rambold, 2004-2008) photographed and described ectomycorrhizae oaks
and hazel seedlings inoculated by 7. macrosporum spores. Later Benucci et
al. (2012) described morphologically 7. macrosporum on Quercus robur L.,
Quercus cerris L. and Corylus avellana L. and identified its DNA through the
use of species-specific primers (Benucci et al. 2016).

Our results of morphological and anatomical characteristic of ectomycor-
rhizas structures from C. avellana roots are consistent with those presented in
Benucci et al. (2012).

The successful cultivation of 7. macrosporum on experimental orchards
have been established in Italy (Vezzola, 2005). Among common host plants
for 7. macrosporum cultivation, hazelnut C. avellana with vigorous growth,
with its tendency to form a well developed root system and its well-known
capacity to form ectomycorrhizae is especially suitable. Previous studies car-
ried out in Serbia demonstrated the feasibility of producing mycorrhizal plants
of C. avellana inoculated with black truffle (Glamoclija, 1996).

In the European countries as well as in the Southern Hemisphere and New
Zealand, programs of using the seedlings inoculated widh truffle fungi are
well developed. Over 40 years, an enormous progress has been made (Murat,
2015). In Serbia, there have been no scientific data on the state of private
truffieres so far.

CONCLUSION

Root samples of hazel trees (Corylus avellana L.) and samples of fruiting
bodies of truffles were collected from part of truffle-ground. The presence of
Tuber macrosporum Vittad from natural habitats is well documented in Serbia
while the existence of this fungus on an artificially established truffle planta-
tion has not been documented.

We found that ectomycorrhizae of Tuber macrosporum were present on
roots of seedlings Corylus avellana from part of ten-year-old plantation. Further
research will be carried out on other parts of this private truffieres.
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MOP®O-AHATOMCKA KAPAKTEPU3AIINJA MUKOPU3E
Tuber macrosporum/Corylus avellana U30JIOBAHE CA
TAJEHUX CAJHULIA: TTPUKA3 CIIYUAJA

Jenena H. CTAHOJKOBUR!, Jacmuna M. TJTAMOUJINIA?,
Jymmna A. JAHOILIEBUR?

! Vuusepsurer y Beorpany, Bronomku pakynrer (Mactep cTyAeHT)
Crynentcku Tpr 16, beorpan 11000, Penry6nuka Cpouja
% Vaupepsuret y beorpany, I/IHCTHTyT 3a OHOJIOIIKa UCTpaXIBama ,,CuHua CrankoBrh™
Karenpa 3a ¢usnonorujy 6uspaka
Bynesap Jecnora Credana 142, beorpax 11060, Pemyonuka Cpouja
? VHuBep3urer y Beorpaz[y, BI/IOJIOIHKI/I (hakynTeT
WacTnTyT 32 60oTanuky u borannyka 6amra ,,JeBpemonar’
Crynentcku Tpr 16, beorpan 110000, Perryomuka Cpouja

PE3UME: UcnutnBano je HpPlcyCTBO MHUKOpH3€ Ha CaJHHIaMa U3 JIeJa JIeceT
ropuna crapor tapryguura (3.000 m %)y ucrounoj Cp6uju. OBaj paj npe/icTaBsba MpBH
W3BEIITaj 0 YTBPhHBamy MPUCYCTBA EKTOMUKOPHU3HE TJbHBE U3 posia Tuber TOKOM CUM-
ouotcke (aze Ha koperoBuma Corylus avellana L. Jlecet y3opaka KOpeHOBa CaKyJbaHU
CY METO/IOM CJIYYajHOT Y30pKa M MAaKPOCKOIICK NTOCMAaTpaH! M aHAJTU3UPaHU MUKPO-
CKOIICKUM MeTojilaMa. YOueHe Cy MpoMeHe Y MOp(OJIOTHjH 1 aHATOMHUJU H3MEHEHUX
kopeHoBa C. avellana. Ha noBpIIMHM KOpPEHa jJaCHO ce youaBa oMOTad of Xxuda — MaHTIa,
U MuIlenuja koja popmMupa XapTUHTOBY MPEXY. Y HEOCPEAHO] ONM3UHU HACY MUYHO
omabpaHMX CaHHUIA JECKe, HA IIOBPIIMHHU 3eMJBHIITA IPpoHal)eHa Cy 3pesia II0IOHOCHA
Tea IpHoTr TapTyda — uaeHtudukoBana kao Tuber macrosporum Vittad. Ilpema Hammm
Ca3HamMMa JI0 caJia HUCY MocTojaje nHpopMaluje o Mukopusu Tuber macrosporum/
Corylus avellana na Bemrauku ycnoctaBjbeHOM TapTyumry y Cpouju.

KJbYYUHE PEYMN: Tuber spp., Corylus avellana L, extromukopusa, MOp(ho-aHaTOM-
CKa aHaJIN3a, aCKOKapII, aCKOCTIOpe
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ANTIMICROBIAL ACTIVITY OF ESSENTIAL OILS
AND FRUITS SUPPLEMENT IN REDUCED
NITRITE SALTS CONDITION

ABSTRACT: Because of the growing negative perception of consumers related to the
use of meat products produced by conventional curing methods, organic and natural products
are increasingly accepted by consumers. Such products contain a large number of natural
products derived from plants, spices, as well as their derivatives in form of essential oils,
extracts, concentrates, and so on. These derivatives contain large number of active sub-
stances which are known to inhibit the metabolic processes of bacteria, yeasts and molds.
Therefore, the goal of this paper was to investigate the synergistic antimicrobial activity
of the models with a reduced presence of nitrite salt in aqueous solution, emulsions of
essential oils in varying concentrations in vivo via antibiogram tests on pathogenic micro-
organisms.

The effect of the six model groups was analyzed. Two groups were fruit powder solu-
tions in concentrations of 0.2% to 1.2% (Acerola powder and fruit powder mix), while the
other four groups were models of aqueous emulsion of essential oil in concentrations rang-
ing from 0.05% to 1.2% (tea tree, clove, oregano, and cinnamon essential oils). In all models
reduced amount of the sodium salt of 1.80%, 0.0075% nitrite salt and the liquid derivative
as a natural source of the nitrate salt of 3% were used. Antibiogram tests were performed
on five pathogenic bacteria (C. perfringens, E. coli, S. enterica, L. monocytogenes, and S.
aureus). All antibiogram tests were performed according to Kirby-Bauer disk diffusion
protocol.

Results of antibiograms showed that without the presence of additional antimicrobial
agents, in model systems with reduced content of salts, inhibition zones were not detected.
Additionally, models with essential oils of tea tree oil and oregano had the widest inhibition
zone diameters, ranging from 17.76+0.48mm for £. coli up to 42.50+0.13mm for S. aureus.

KEYWORDS: antibiograms, essential oils, food pathogens, natural antimicrobials,
organic meat products
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INTRODUCTION

In the production of organic meat products, various natural derivatives,
such as plant extracts, dried fruit and vegetable powders (Sebranek et al. 2012),
various fibers from fruits, vegetables and cereals, vegetable proteins, unsaturated
fat and others (Weiss et al. 2010; Grasso et al. 2014) are widely used. Plants,
spices, as well as their derivatives, essential oils, extracts, concentrates, etc.
contain many active substances that are known to inhibit the metabolic processes
of bacteria, yeasts and molds (Falow et al. 2014). Antimicrobial compounds
in plant materials are predominantly found in essential oils of various leaf fac-
tions, flowers and flower buds, heads, rhizomes, fruits or other parts of the plant
(Sultanbawa, 2011; Pradeep, 2012). Active substances from plants may be fatal
for microorganism cells or inhibit the production of metabolites (e.g. mycotoxins)
(Navajas et al. 2012). A small number of active compounds in essential oils can
have synergistic effects with other components, which as a final result produce
natural supplements with certain antimicrobial activities (De Oliveira ef al.
2012; Reihani et al. 2014; Guerra-Rosas et al. 2017).

Basically, all bioactive compounds can be divided into two large groups
—the first, larger group, consists of terpenes and terpenoids, while the other consists
of aromatic compounds (phenylpropanoid) (Dinesh and Cheorun, 2013). The
most common terpenes in herbal products are: p-cymene, terpinene, limonene,
pinene, and sabinene (Sultanbawa, 2011; Sang-Jo et al. 2017). Terpenoids can be
divided into alcohols, esters, aldehydes, ketones, ethers and phenols (Manzoor
et al. 2014). Geraniol, menthol, linalool, citronellol, thymol, carvacrol, geranyl
acetate, eugenil acetate and 1,8-cineole are the best known representatives of
terpenoids, which are most commonly found in various essential oils (Dinesh and
Cheorun, 2013; Senanayake, 2013). Cinnamaldehyde, cinnamyl alcohol, kavikol,
eugenol, estragole, eugenol methyl cinnamate and methyl group are phenyl-
propanoids (Tingting et al. 2012; Hyun-Joo et al. 2014; Siroli et al. 2015).

Therefore, the aim of this study was to investigate the synergistic antimi-
crobial activity models in aqueous solutions/emulsions of natural antimicrobials
(fruit concentrates and essential oils), which are used or potentially could be
used in the development of organic meat products, by antibiogram tests on
pathogen microorganisms.

MATERIALS AND METHODS

Models of antibiograms (A1 to A30) were tested in vivo with reference
strains of pathogenic microorganisms (Clostridium perfringens, Escherichia
coli, Salmonella enterica, Listeria and Stafilococcus aureus). Essential oils or
derivatives of fruits as potential antimicrobial agents were used in an appropriate
range of concentrations as shown in Table 1. In this way, the concentration range
of the fruit products (Acerola powder manufacturers “Raps®”, Belgium and
commercial product of mixed fruit powder “Superfruits” from the company
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“Biotona®”) and essential oils, which can be used in organic meat products,

was covered, as well as a wider range of the tested product concentrations.
This was performed with the main goal to test the antimicrobial activity of
natural antioxidants/preservatives in synergy with the commonly used salts
(NaCl, KCI) and in the presence of nitrite salt. In addition to these, in all mod-
els was used a “liquid supplement” (1/3 Kombucha ferment and 2/3 leaf beet
juice (Eruca sativa)) in the amount of 3% as a natural source of nitrate salt
purchased from Raps®, Belgium.

Table 1. Models of antibiograms for different concentrations of fruit mixtures and
essential oils

Models %  Water ~ NaNO, NaCl L.s. Ac. Sf Tt Cl.  Or. Cin. Total %
Al 94.9925 0.0075 1.8 3 0.2 100
A2 947925 0.0075 1.8 3 0.4 100
A3 94.5925 0.0075 1.8 3 0.6 100
A4 94.3925 0.0075 1.8 3 0.8 100
A5 93.9925 0.0075 1.8 3 1.2 100
A6 94.9925 0.0075 1.8 3 0.2 100
A7 947925  0.0075 1.8 3 0.4 100
A8 94.5925 0.0075 1.8 3 0.6 100
A9 943925 0.0075 1.8 3 0.8 100
A10 93.9925 0.0075 1.8 3 1.2 100
All 95.1425 0.0075 1.8 3 0.05 100
A12 95.0425 0.0075 1.8 3 0.15 100
A 13 94.8925 0.0075 1.8 3 0.3 100
A 14 94.5925 0.0075 1.8 3 0.6 100
A 15 93.9925 0.0075 1.8 3 1.2 100
A 16 95.1425 0.0075 1.8 3 0.05 100
A 17 95.0425 0.0075 1.8 3 0.15 100
A 18 94.8925 0.0075 1.8 3 0.3 100
A19 94.5925 0.0075 1.8 3 0.6 100
A 20 93.9925 0.0075 1.8 3 1.2 100
A21 95.1425 0.0075 1.8 3 0.05 100
A22 95.0425 0.0075 1.8 3 0.15 100
A23 94.8925 0.0075 1.8 3 0.3 100
A 24 94.5925 0.0075 1.8 3 0.6 100
A25 93.9925 0.0075 1.8 3 1.2 100
A 26 95.1425 0.0075 1.8 3 0.05 100
A 27 95.0425 0.0075 1.8 3 0.15 100
A28 94.8925 0.0075 1.8 3 0.3 100
A 29 94.5925 0.0075 1.8 3 0.6 100
A 30 93.9925 0.0075 1.8 3 1.2 100

L.s. — Liquid supplement; Ac. — Acerola powder; Sf. — Superfruit powder; T.t. — Tea tree oil;
CI. — Clove oil; Or. — Oregano oil; Cin. — Cinnamon oil.
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ANTIBIOGRAMS

Antibiograms of pathogens were carried out according to the Kirby-Bauer
disk diffusion protocol (Hudzicki, 2009). The tests were conducted with reference
pathogens Escherichia coli WDCM 0001, Clostridium perfringens WDCM
00007, Staphylococcus aureus WDCM 00032, Salmonella enterica WDCM
00030, and Listeria monocytogenes WDCM 00020. All tests were performed on
Mueller-Hinton agar media with a paper disc of 9mm in diameter. The 0.1 cm?
of testing, reference pathogen was applied to previously dried sterile Mueller-
-Hinton agar surface plate. The starting concentration of the reference pathogen
was matched by a 0.5 McFarland standard. Afterwards, on agar plates, paper
disks were placed and infused with 50 pl of a tested model (A). Prepared plates
were incubated at +37 °C for 24h. Clostridium perfringens WDCM 00007 was
incubated under anaerobic conditions, while the rest were incubated aerobically.
After incubation, diameter of inhibition zones around the disc paper was meas-
ured and recorded in millimeter. The higher the inhibiting effect of the tested
model was (A), it corresponded to a larger diameter of the inhibition zone.

STATISTICAL ANALYSIS

All experiments were performed with a model of minimum four replica-
tions. The results were processed by the PCA analysis of XLSTAT trial with the
aim of reducing the large number of variables on a limited number of related
factors (F) with the significance of p<0.05. Associated factors, usually F1 and
F2, described over 95% of the total variance of the observed variables.

RESULTS AND DISCUSSION

The results of the detected inhibition zone with observed models (A) are
shown in Table 2.

Table 2. Inhibition zone diameter (mm) of testing model (A) with the reference pathogen

. : . L.
C. perfringens E. coli S. enterica S. aureus
: monocytogenes

X(mm) +Sd X(mm) +Sd X(mm) +Sd X(mm) =+Sd X(mm) =+Sd

AI-A10 000 000 000 000 000 000 000 000 000 0.00
All 0.00  0.00 000 000 1412 082 13.67 031 1207 0.56
Al2 1032 037 1008 0.2 1489 058 1473 041 1298 0.3l
Al3 1205 117 1483 046 1528 062 1592 067 1309 0.59
Al4 1489 038 2136 092 1596 071 2007 0.2 1412  0.62
Al5 1773 029 2387 126 2073 083 2431 137 1597 072
Al6 1003 085 11.89 041 1021 018 1325 058  0.00  0.00

Models
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Al7 14.21 .15 1425 063 11.87 062 1446 084 1225 048
Al8 1496 063 1431 036 1326 0.67 1573 091 1375 0.33
Al19 1627 089 1456 0.67 1358 048 1618 039 1450 0.19
A20 2458 118 1502 072 1525 072 1727 087 1518 0.21
A21 1637 082 1492 0.69 1485 0.67 1576  0.81 1583 032
A22 1821 026 1536  0.71 1689 086 16.84 074 1968  0.17
A23 20.52 059 1687 083 1726 056 1736 031 2425 124
A24 24.81 1.23 1776~ 048 1937 0.89 1892 0.12  30.75 1.12
A25 3507 1.89 2081 094 2884 184 21.89 028 4250 0.3
A26 1178 0.46 0.00 0.00 0.00 0.00 1196  0.39 0.00 0.00
A27 13.87 091 0.00 0.00 11.78 062 1348 0.17 1139 041
A28 16.67 085 10.09 024 1259 056 1568 0.89 12.85 0.52
A29 1788 094 1228 0.57 1297 0,81 1595 019 1473  0.38
A30 18.84 031 1435 0.69 1450 039 1612 074 1517  0.58

The results of PCA analysis of detected inhibition zone diameters (mm)
are shown in Table 3 and Figure 1.

Table 3. Correlation coefficients (“loadings”) of the main components (F1 and F2) of the
PCA analysis of inhibition zone diameter (mm)

Variable F1 F2

o (mm) — C. perfringens 0.958 0.036
o (mm) — E. coli 0.918 -0.307
o (mm) — S. enterica 0.975 -0.009
o (mm) — L. monocytogenes 0.943 -0.238
o (mm) — S. aureus. 0.948 0.304
Eigenvalue 356.741 19.966
Total variance (%) 90.086 5.042

o (mm) — Diameter of inhibition zones

Table 3 and Figure 1 show that the inhibition zones depend on the tested
model (A) and are strongly correlated with component F1, which describes the
antimicrobial potential of tested models in antibiograms. Component F1 de-
scribes the 90.09% of the total variance. All models located on the right side of
Biplots, Figure 1, are strongly antimicrobial, with antimicrobial activity signifi-
cantly different (p<0.05) in relation to the models (A) located on the left side
of Biplot. On the far right side is model A25 with the oregano essential oil in
a concentration of 1.2%. Models with oregano essential oil even at lower con-
centrations proved to be potent inhibitors of the tested bacteria. The diameters
of inhibition zone depended on the concentration of the essential oil and the type
of testing, reference pathogenic microorganisms, ranged up to 942.504+0.13 mm
(A25), Table 3, for the reference strain Staphylococcus aureus.
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Figure 1. “Biplots” main components (F1-anti-microbial potential) of
the PCA analysis of the tested model (A) inhibition zone diameter (mm)

From the right to the left side of Biplot in Figure 1, the model A15 is a model
in which the tea tree essential oil was added in concentration of 1.2%. This
model, in addition to models with oregano essential oil, has a significantly
potent (p<0.05) antimicrobial activity, compared to models located on the left
side of Biplot. On the far left side on Biplot are positioned models Al to A10
with Acerola powder and fruit mix powder “Superfruit”. These models did not
show antimicrobial activity in the tested concentration range, since zones of
inhibition were not detected.

Tea tree essential oil shows a wide range of antimicrobial activity to
Gram-positive and Gram-negative bacteria, Bacillus spp., and fungi (Bakkali
et al. 2008). Oussalah et al. (2007) and Goiii et al. (2009) studied the effect of
cinnamon and clove essential oil on a large number of pathogenic microorgan-
isms such as E. coli O157:H7, Staphylococcus aureus, Salmonella typhimurium,
and Listeria monocytogenes. The scanning electron microscope images showed
significant damage on the surface of cell membranes of pathogens (Souza et al.
2013; Rai et al. 2017). The essential oil of oregano showed a strong antimicrobial
activity against E. coli O157:H7, L. Monocytogenes, and S. Typhimurium. Orega-
no essential oil exhibited potent microbicidal activity against pathogenic mi-
croorganisms in concentrations of up to 2% (Sang-Jo et al. 2017). Inhibition
zones of S. enteritidis, E. coli O15T:H7, L. Monocytogenes, and S. aureus growth,
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proportional to concentration applied at higer concentrations of essential oils,

yeald wider zones of inhibition (Khanjar ez al. 2013; De Jesus et al. 2016).
The results of this experiment are in great correlation with previously

mentioned papers related to antimicrobial activity of tested essential oils.

CONCLUSION

All tested essential oils showed high antimicrobial activity against tasted
reference strains of bacteria. Statistically significant potent (p<0.05) inhibition
of tested pathogens was achieved in the models with oregano essential oil (A21
to A25). Besides oregano, the model A15 with tea tree essential oil showed high
antimicrobial activity with inhibition zone from 15.97+0.72 mm (S. aureus) up
to 24.31£1.37 mm (L. monocytogenes). The synergistic antimicrobial activity
of essential oils in the presence of reduced concentration of inorganic salts was
not observed. Furthermore, in models in which fruit supplements were used,
zones of inhibition were not detected. System of reduced content of salt (so-
dium chloride, nitrite, etc.), without the additional presence of essential oils has
no inhibitory effect on tested bacteria.
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AHTUMUKPOBHA AKTUBHOCT ETEPUYHUX YJbA
N BORHUX I[TPEITAPATA V YCJIOBUMA PEAYKOBAHOI
CAIPXKAJA HUTPUTHUX COJIN

Hparau I1. BYJAIIUHOBUR!, Bojan M. TOJIMR?, Bnagumup M. TOMOBUR?
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"'Vuusepsurer Ucrouno Capajeso, TexHonomku Gakynret 3BOPHHUK,
Kapakaj 60, 3sopuuk 75400, Peny6snka Cpricka, bocna u Xepuerosuna
Berepunapcku Uucturyr ,,JIp Baco byTo3an®,

Bpanxka Pagmaesuha 18, bama Jlyka 78000, Perry6mmka Cpricka, bocHa u Xeprierosrnaa
3 Yuusepsutet y Hosom Cany, Texnonomku hakynTer,

Hp 3opana Bunhuha 1, Hosu Cax 21000, Penry6nuka Cpouja

PE3UME: 360r cBe Behe HeraTuBHE Mepleniyje noTpomiaya Koja je Be3ana 3a
ynoTpeOy Mpou3Bo/ia 0j Meca KOjH Cy MPOU3BEICHH 110 KOHBEHIIMOHATHUM METO1amMa
caJlaMypema, TPOM3BOIN O] Meca KOjH HOCE 03HAKY Ha JICKJIApaIijH Kao OPraHCKH U
MIPUPOJTHU MTPOU3BOJIH, VIKUBA]y cBe Behe MmoBjepeme 1 MpuxBaTame KOJ| MoTpoIiaya.
TaxBu MPOU3BOIHM cajipKe BETMKHU OpOj MPUPOJIHUX IIpenapara JOOUjeHUX U3 Onibaka,
3a4KHa, Ka0 ¥ IhUXOBUX JIepHBaTa y OOJIMKY ETePHYHUX yJba, CKCTPaKaTa, KOHIICHTpaTa
uta. OBH mpenapaTu cajpike BEIMKH OpOj aKTUBHUX CYIICTaHIIH 3a KOje Ce MOy3AaHO
3Ha Jla ”HXUOMpajy MeTaboInuKe mpouece OakTepuja, kBacama u miujecad. Crora je
LI1Jb OBOT pajia OMo J1a Ce MCIIUTA CHHEPTUjCKa aHTUMUKPOOHA aKTUBHOCT MOJIEIT CH-
CTeMa C peAyKOBaHUM IIPUCYCTBOM HUTPUTHHUX COJIM BOJEHUX PACTBOPA U eMYJI3Hja
eTEePUYHHX yJba Y PA3IMYUTUM KOHLEHTpaLUjaMa in vivo yTeM aHTHOHOTpaMCKUX
TECTOBA Ha NaTOr€HUM MUKPOOpPraHu3MuMa. VICnUTHBaH je yTHIaj LecT rpyna Mozje-
J1a — O]l TOra ABMje IpyIe cy Ouie npaBu pacTBOPH BONHUX Npenapara y KOHLEHTpa-
nujama ox 0,2% mo 1,2% (anepona y nmpaxy u BOhHH MHKC), a OcTalie YeTHPU TpyTIe
MOJIeJIa IPEICTABIbAIIH CY BOJICHE EMYII3Hje ETEPHUYHKX yJba Y PACIIOHY KOHIICHTpAIHja
01 0,05% 1o 1,2% (eTepudHa yJba yajeBia, kapanpuinnha, opurana u nuMeTa). Y CBUM
MojienMa KopuniheHe ¢y peyKoBaHe KoaudnHe Kyxumcke conu (1,80%), autputne
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cou (0,0075%) u TeuHu npenapar Kao MPUPOIHU U3BOP HUTPATHHUX coiH (3%). Ypahenu
Cy aHTHOMOrPaMCKH TECTOBH i1 Vivo Ha IATOreHUM MUKpoopranuzmuma (C. perfringens,
E. coli, S. enterica, L. monocytogenes u S. aureus). CBU aHTUOMOTPAMCKH TECTOBU
u3Benenu cy npema Kirby-Bauer auck nudysnonom nporokony. Pesynraru anHtuomo-
I'PaMCKHX TECTOBA Cy ITOKa3aJu ja 6e3 MpUcycTBa 10JaTHUX aHTUMUKPOOHHUX Ipenapa-
Ta y MOJEJI CUCTEMHMA C PEAYKOBAHUM Ca/ip’kajeM COJIM, HeMa HUKAaKBOT HHXHOMparba
IopacTa UCHIUTUBAHUX NaToreHa. Takole, Mofenu ¢ eTepuYHUM yJbUMa YajeBla U Opu-
raHa UMalii Cy Hajjade n3pa)xeHe 30He MHXUOUIH]e, Koje cy ce kpeTase ox 17,76+0,48 mm
3a E. coli 1o 42,50+0,13 mm 3a S. aureus.

KJbYUHE PEUU: anTnONMOrpaMCcKu TECTOBH, €TEpUYHA yJba, TATOTCHH Y XPAaHH,
MIPUPOTHU aHTUMHUKPOOH, OpraHCKa XpaHa

260



30opHuK Marune cprcke 3a npupoaHe Hayke / Matica Srpska J. Nat. Sci. Novi Sad,
Ne 133, 261—269, 2017

UDC 632.95:632
https://doi.org/10.2298/ZMSPN1733261B

Dragana P. BJELIC'", Maja V. IGNJATOV',
Jelena B. MARINKOVIC', Nemanja R. SPREMO?,
Maja A. KARAMAN?, Zorica T. NIKOLIC',
Zarko S. IVANOVIC’

! Institute of Field and Vegetable Crops,
Maksima Gorkog 30, Novi Sad 21000, Republic of Serbia

2 University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology,
Trg Dostiteja Obradovi¢a 2, Novi Sad 21000, Republic of Serbia

3 Institute for Plant Protection and Environment,
Teodora Drajzera 9, Belgrade 11000, Republic of Serbia

ANTIFUNGAL ACTIVITY OF INDIGENOUS
Bacillus spp. ISOLATED FROM SOIL

ABSTRACT: Biocontrol using plant growth-promoting rhizobacteria (PGPR) represents
an alternative approach to disease management, since PGPR are known to promote growth
and reduce diseases in various crops. Among the different PGPR, members of the genus
Bacillus are prefered for most biotechnological uses due to their capability to form extremely
resistant spores and produce a wide variety of metabolites with antimicrobial activity. The
objective of this research was to identify antagonistic bacteria for management of the plant
diseases. Eleven isolates of Bacillus spp. were obtained from the soil samples collected from
different localities in the Province of Vojvodina. The antifungal activity of bacterial isolates
against five fungal species was examined using a dual plate assay. Bacillus isolates exhibited
the highest antifungal activity against Fusarium proliferatum, Fusarium oxysporum f. sp.
cepae and Alternaria padwickii, while they had the least antagonistic effect on Fusarium
verticillioides and Fusarium graminearum. Molecular identification showed that effective
bacterial isolates were identified as Bacillus safensis (B2), Bacillus pumilus (B3, B11), Bacillus
subtilis (BS, B7) and Bacillus megaterium (B8, B9). The highest antagonistic activity was
exhibited by isolates B5 (from 39% to 62% reduction in fungal growth) and B7 (from 40%
to 71% reduction in fungal growth). These isolates of B. subtilis could be used as potential
biocontrol agents of plant diseases.

KEYWORDS: Bacillus, biocontrol, Fusarium, Alternaria, antifungal activity, isolation, soil

INTRODUCTION

Fusarium and Alternaria species are among major pathogens that infect
plants throughout the year at all growth stages and cause destructive and eco-

* Corresponding author. E-mail: dragana.bjelic@nsseme.com
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nomically damaging diseases responsible for high yield reductions (James, 1981).
Control of plant diseases is largely based on genetic resistance in host plants,
cultural practices and synthetic pesticides (Lazarovits et al. 2014). Beside envi-
ronmental impact and potential health risk related to the chemical pesticides ap-
plication in agriculture, chemical control also creates imbalances in the micro-
bial community, which may be unfavorable to the activity of beneficial organisms
and lead to the development of resistant strains of pathogens (Aktar et al. 2009).
The need for alternative control strategies, particularly those involving
biological control, has greatly increased over the past two decades. Biocontrol
using plant growth-promoting rhizobacteria (PGPR) represents an alternative
approach to disease management, since PGPR are known to promote growth and
reduce disease in crops (Lugtenberg and Kamilova, 2009). The most common
approach to biological control consists of selecting antagonistic microorgan-
isms and developing a biological control product (Alabouvette ef al. 2006).
Several antagonistic microorganisms have been tested for their ability to
inhibit phytopathogenic fungi, including Fusarium and Alternaria species (Jain
and Pandey, 2016; Li et al. 2017). Although some fungal antagonists showed ef-
fective inhibition, bacterial antagonists mainly from the genus Bacillus have shown
by far the most promising results (Pane and Zaccardelli, 2015; Zalila-Kolsi et al.
2016). Due to their capability to form extremely resistant spores and produce a
wide variety of metabolites with antimicrobial activity, members of the Bacillus
genus are generally found in soil. Bacillus spp. strains inhibit pathogen growth
primarily through the production of antibiotics, cell wall degrading enzymes, com-
petition for nutrients and/or inducing systemic resistance (Lugtenberg et al. 2013).
The objective of this study was to isolate Bacillus spp. from soil and to ex-
amine their in vitro antifungal activity toward Fusarium and Alternaria species.

MATERIAL AND METHODS
Soil sample collection

Different soil samples were randomly collected from various parts of the
Province of Vojvodina (northern Serbia). Several diverse locations were selected
for the collection of soil samples, which included the rhizosphere of plants, agri-
cultural and non-agricultural soils. Soil samples differed in their cropping and
tillage history, physical and chemical properties. Samples were taken up to a depth
of 20 cm. After removing approximately 3 cm of the soil surface, as well as large
roots and stones, the remainder was passed through an autoclave-sterilized brass
sieve with a 2 mm aperture size and then stored at 4 °C until further examination.

Isolation of Bacillus spp.

Soil dilutions were prepared with 1 gram of each soil sample suspended
in 9 mL of 0.85% NacCl in sterile test tubes. A 0.1 ml aliquot of each dilution

262



(10°-10") was spread aseptically on Nutrient Agar (NA) and incubated at 30 °C
for 24 hour. After the incubation, colonies showing resemblance with Bacillus spp.,
roughly identified based on their morphology, were transferred and recultivated
five times to obtain pure cultures. The bacterial isolates were characterized by
their morphological and biochemical characteristics using standard methods
(Jarak and Puri¢, 2006).

Antifungal activity assay

Antifungal activity of Bacillus spp. isolates against five fungal isolates
was tested in vitro using a dual plate assay (Zhao et al. 2010). In addition to three
fungal isolates identified from garlic cloves (Fusarium proliferatum, Fusarium
verticillioides, Fusarium oxysporum f. sp. cepae) (Ignjatov et al. 2016a), another
two were isolated from seeds of soybean (Fusarium graminearum) (Ignjatov
et al. 2016b) and rice (Alternaria padwickii). Bacterial isolates were grown for
24h in nutrient broth (NB) at 30 °C, while potato dextrose agar (PDA) was used
for the cultivation of fungi. The mycelial plugs (6 mm in diameter) of each fun-
gus were sampled from the 7-day-old cultures and aseptically transferred on
the PDA, about 25 mm from the edge of each Petri dish. A broth culture of the
tested bacteria was then streaked 30 mm away from the mycelial plugs in the
same dish. The controls consisted of cultures of the tested fungi without the
presence of Bacillus spp. isolates. All dual cultures and controls were incubated
for 7 days at 25 °C. Antifungal activity assay was done in three repetitions for
each treatment. The percent of growth inhibition (PGI) was calculated using
the following formula: PGI (%) = [(KR-R1)/KR] x 100, where KR represents
the fungal growth (measured in mm) in the control dishes, and R1 is the fungal
growth in the treated dishes (Dimki¢ et al. 2015).

Molecular species identification

Bacillus isolates for DNA extraction were grown on NA plates for 24 h.
DNA was extracted using a DNeasy Mini Kit (QIAGEN Inc., Hilden, Germany),
according to the manufacturer’s recommendations. For the amplification of 16S
rDNA gene fragments, primers fD1 (27F) (AGAGTTTGATCMTGGCTCAG)
and rP3 (1492R) (TACGGYTACCTTGTTACGACTT) were used (Weisburg
et al. 1991). The polymerase chain reaction (PCR) was done in 25-pl aliquots
using S-thermal cycler (Eppendorf, Germany). The PCR reactions were per-
formed with an initial denaturation step at 94 °C for 5 min, followed by 30
cycles of 94 °C for 30 s, 50 °C primer annealing for 1 min, and 72 °C extension
for 30 s, followed by a final extension step at 72 °C for 7 min. Amplicons were
electrophoresed in 1.5% agarose gel (Invitrogen) with ethidium bromide. Purifica-
tion and sequencing of the PCR-amplified DNA fragments were done in the
company MACROGEN, Seoul, South Korea (http:/dna.macrogen.com). FinchTV
Version 1.4.0. was used for sequence analysis and nucleotide sequences were

263



filed in the GenBank Database at the National Center for Biotechnology Infor-
mation (NCBI).

Statistical analysis

Data were subjected to analysis of variance (ANOVA) using software
STATISTICA 12.6 (Statsoft, Tulsa, Oklahoma, USA). Means were separated
using Tukey’s HSD (honest significant difference) test at the P < 0.05 level.

RESULTS AND DISCUSSION

This study confirmed the presence of Bacillus spp. in soil samples col-
lected from diverse locations in Vojvodina. Because of their fast growth and
ability to sporulate under unfavorable conditions, Bacillus spp. isolates are
attractive candidates for application as biocontrol agents. Analysis of antago-
nistic activity of newly-isolated strains against phytopatogenic fungi showed
that Bacillus spp. isolates exhibited the highest antifungal activity against Fusar-
ium proliferatum, Fusarium oxysporum f. sp. cepae and Alternaria padwickii,
while they had the least antagonistic effect on Fusarium verticillioides and
Fusarium graminearum (Table 1). The highest antagonistic activity was exhib-
ited by isolates B5 (39—62%) and B7 (40—71%) which inhibited the growth of
all tested fungal isolates except F. verticillioides (Figure 1). Antagonistic effect
toward F. proliferatum and A. padwickii was also observed through confron-
tation with the isolates B2 (35—42%,), B3 (31-38%), and B11 (3—37%). Isolate B8
exhibited antifungal activity against F. proliferatum (45%), while isolate B9
inhibited the growth of F. proliferatum (42%) and Fusarium oxysporum f. sp.
cepae (33%). Antifungal activity of isolates B1, B4 and B10 was not detected.
Significant variability within the same fungal species was found in different
isolates, except for F. graminearum. The results obtained in this study showed
different sensitivity of fungal species tested. Different degrees of fungal inhi-
bition by individual Bacillus spp. isolates were also observed.

Similar findings about fungal growth inhibition and possible application
of Bacillus spp. isolates as biocontrol agents have been found in numerous
studies. Isolates of Bacillus spp. showed strong in vitro inhibition, as well as
plant disease suppression of Fusarium, Alternaria, Rhizoctonia, Aspergillus,
Cryphonectria, Phytophthora, etc. (Mnif and Ghrib, 2015). Dimki¢ et al. (2015)
reported that Fusarium species were more resistant to Bacillus spp. isolates,
while Alternaria were among the most sensitive fungi tested. Bacillus spp.
isolates efficient in biocontrol of various plant pathogens have been mostly found
positive for production of lytic enzymes and lipopeptide antibiotics (Abdallah
et al. 2017). Beside their role in biocontrol, Bacillus species can enhance plant
nutrition and promote plant growth and development via associative nitrogen
fixation, phosphate solubilization, production of phytohormones and sidero-
phores, or enzymatic activities (Borriss, 2011). Therefore, the use of Bacillus spp.
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as biopesticides and biofertilizers is a promising approach which may result in
reduced application of chemical pesticides and fertilizers and improved quality
of agricultural products.

Table 1. Antifungal activity of Bacillus spp. isolates

I Fusarium Fusarium Fusarium Fusarium Alternaria
solate . . oxysporum . o
proliferatum | verticillioides £ sp. cepae graminearum padwickii
p- cep.
PGI (%) £ SD
Bl nd nd nd nd nd
B2 41.57+296b nd nd nd 3529+ 1.18 ¢
B3 3098 +272 ¢ nd nd nd 38.04 £0.68 ¢
B4 nd nd nd nd nd
B5 61.57+2.96a nd 46.27+4.45a | 3920+1.01a | 58.04+2.72b
B6 nd nd nd nd nd
B7 64.71£2.04 a nd 4294+261a | 39.80+0.68a | 71.37+296a
B8 4471 +3.110b nd nd nd nd
B9 41.96+2.45b nd 3333+ 1.80b nd nd
B10 nd nd nd nd nd
Bl11 3.14+0.96 d nd nd nd 36.83 £0.68 ¢

Mean values of fungal growth inhibition (n = 3) with standard deviation (SD) are shown.
Values followed by the same letter within columns are not significantly different ( P <0.05),
according to Tukey’s HSD test. PGI: percent of growth inhibition; nd: not detected.

Figure 1. Antifungal activity of Bacillus subtilis B7 against Fusarium proliferatum (a)
and Alternaria padwickii (b)

By comparing the sequences with the Bacillus 1D-database, bacterial
isolates effective in fungal growth inhibition were identified as Bacillus safensis
(B2), Bacillus pumilus (B3, B11), Bacillus subtilis (BS, B7) and Bacillus mega-
terium (B8, B9). Non-effective isolates were identified as Lysinibacillus fusi-
formis (B1, B4, B10) and Bacillus cereus (B6) (Table 2).
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Table 2. Isolates of Bacillus species from soil in Vojvodina (Bjeli¢ et al. 2016)

Isolate Isolation source Locality Bacillus species NCBI
Bl1 Agricultural soil Rumenka Lysinibacillus fusiformis | KU953922
B2 Non-agricultural soil Banatski Dvor Bacillus safensis KU953932
B3 Rhizosphere (wheat) Bukovac Bacillus pumilus KU953923
B4 Non-agricultural soil Petrovaradin | Lysinibacillus fusiformis | KU953924
B5 Rhizosphere (sunflower) | Backi Petrovac Bacillus subtilis KU953925
B6 Non-agricultural soil Sangaj Bacillus cereus KU953926
B7 Rhizosphere (maize) Rimski San&evi Bacillus subtilis KU953927
B8 Rhizosphere (pepper) | Rimski Sancevi Bacillus megaterium KU953928
B9 Rhizosphere (alfalfa) Perlez Bacillus megaterium KU953929
B10 Non-agricultural soil Pancevo Lysinibacillus fusiformis | KU953930
B11 Forest soil Vrsacka kula Bacillus pumilus KU953931

Bacillus-based plant disease biocontrol products usually contain one or
two strains which belong to species of B. subtilis, B. licheniformis, B. pumilus
and B. amyloliquefaciens (Berg, 2009). In this study, the strongest and broad-
est antagonistic activity against all tested fungi was exhibited by isolates of B.
subtilis. High genetic heterogeneity of different Bacillus species, particularly
B. subtilis allows to suggest that search and identification of new strains from
different sources may expand the number of practically important strains and
improve our understanding of mechanisms involved in antagonistic interactions
(Mardanova et al. 2017).

CONCLUSION

This study confirmed that most of the isolates of Bacillus spp. from the soil
were found positive for antifungal activity by in vitro test. Significant variabil-
ity within the tested fungal species was found in different isolates. The most
effective isolates, identified as Bacillus subtilis (B5 and B7), could be used as
potential biocontrol agents of plant diseases. Further selection of these isolates
through greenhouse and field trials will be necessary in order to establish their
efficiency as biopesticides in different crops.
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AHTU®YHTAJTHA AKTUBHOCT IIPUPOJTHIX
Bacillus spp. I30JIATA 113 3EMJBHIITA

Jparauna B. BJEJIURY, Maja B. UThATOB', Jenena 5. MAPUHKOBHUR!,
Hemama P. CIIPEMO?, Maja A. KAPAMAH?, 3opuna T. HUKOJIU'R!, XKapxo C.
NBAHOBUR?

"MucTuTyT 32 paTapcTBO M HOBPTAPCTBO,
Maxcuma I'opkor 30, Hoeu Cax 21000, Pemmy6mmka Cpbuja
> Vuusepsutet y Hosom Cany, [Ipupogno-matematnuku pakynrer, JenaprMan 3a
OHOJIOTH]jY U EKOJIOTH]Y,
Tpr Hocuteja O6pamosuha 2, Hosu Cax 21000, Pery6inka Cp6uja
3 MIHCTHTYT 32 3aIITATY 6Uba,
Teomopa [pajzepa 9, Beorpan 11000, Penyonuka Cpouja

PE3UME: BuokoHTposa ¢puTonaToresa npeacraBjba aJITEpHATUBY IPUMEHHU
MECTHINIA, ¢ 003upoM 1a bakTepuje o3HaucHe TepMuHOM PGPR (Plant Growth Promot-
ing Rhizobacteria) crumynuiry OHJbHU pacT U IITHTE OUIbKE 011 OosiecTh. 3axBaJbyjyhu
CIOCOOHOCTH J1a POpPMUPaAjy BeOMa PE3UCTCHTHE SHIOCIOpE H MPOAYKY)Y HIMPOK
CIICKTap aHTUMUKPOOHUX CYIICTaHIU, BPCTE pofa Bacillus cy BeoMma 3aCTyIJbEHE Y 3¢-
MJBUIITY U TOTOJHE 32 IPUMEHY Y OnoTexHonoruju. L{nsb uctpaxknupama O1o je na ce
YTBpAH aHTU(PYHTAIHA aKTUBHOCT jenanaect Bacillus spp. nzonara U3 3eMJBUIITA C
paziuuuTUx Jokanurera y Bojsonuuu. CriocoOHOCT OaKTEPHjCKUX U30J1aTa JIa UHXHU-
Oupajy pact NeT u3oJara r;biBa UCIIUTAHA je METO/IOM JIBOjHE KyJTuBaluje. M3onatn
Bacillus spp. uciossuinu cy Hajpehy aHTHU(QYHTaIHY aKTUBHOCT Tipema Fusarium prolife-
ratum, Fusarium oxysporum f. sp. cepae, n Alternaria padwickii, ok je HajMarmb¥ aHTa-
TOHUCTHUKH edexat yTBpheH npema Fusarium verticillioides n Fusarium graminearum.
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EdexruBnu n3onaru uaeHtudukoBanu cy kao Bacillus safensis (B2), Bacillus pumilus
(B3, B11), Bacillus subtilis (B5, B7) u Bacillus megaterium (B8, BY). Hajsehy antudys-
rajHy akKTUBHOCT HCIIOJBHIIN ¢y u3oaatu B. subtilis B5 (39—62%) u B7 (40-71%). OBu
M30JIATH MOT'Y C€ KOPUCTUTH Kao TIOTCHIIMjaTHH areHCH 32 OHOJIOIIKY KOHTPOITY OMJBHUX
OonecTu.

KJbYUHE PEYU: Bacillus, ouokonrpona, Fusarium, Alternaria, antudyHrainna
aKTUBHOCT, U30JaIlHja, 3¢MJBUIIITE
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MORPHOLOGICAL AND MOLECULAR IDENTIFICATION
OF Fusarium tricinctum AND Fusarium acuminatum AS
CAUSAL AGENTS OF GARLIC BULBS ROT IN SERBIA

ABSTRACT: Garlic (Allium sativum L.) is considered to be one of the oldest crops in
the world. During 2016, infected garlic bulbs occurred in storages on several localities of the
Province of Vojvodina. Symptomatic cloves showed typical rot symptoms such as softened
and spongy areas covered with white fungal growth with deep lesions formed on the cloves
which became dry over time. A total of 36 isolates of Fusarium species were obtained from
diseased cloves of garlic. Colony morphology and microscopic properties of isolated Fusarium
species were recorded from the cultures grown on PDA and CLA, respectively. Identification
of two chosen isolates was performed by sequencing the EF-1a gene. The TEF sequence of
isolate JBL12 showed 100% similarity with several F. tricinctum sequences and sequence of
JBL539 showed 99% identity with several F. acuminatum sequences and they were deposited
in the NCBI GenBank. Based on the results of the morphological and molecular identification,
isolates JBL12 and JBL539 were identified as F. tricinctum and F. acuminatum, respectively,
as new causal agents of garlic bulbs rot in Serbia. Specific primers were designed for the PCR
identification of the F. tricinctum.

KEYWORDS: garlic (4/lium sativum), bulb and clove rot, Fusarium spp., EF-1la gene

INTRODUCTION

Garlic (Allium sativum L.), a bulbous vegetable, is considered to be one of
the oldest horticultural crops in the world (Moyers, 1996). This garlic species
is grown worldwide, particularly in mild climate regions, with the total world
annual production belng 24 million tons on average. The top producers are
China, Egypt, India, Korea and USA. Garlic is cultivated in Serbia, covering more

* Corresponding author. E-mail: maja.ignjatov@nsseme.com
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than 7,000 ha, mostly concentrated in the northern part of Serbia, Vojvodina
Province.

Fungal pathogens such as Fusarium spp. can cause significant economic
losses at the postharvest stage of garlic (Kim ez al. 2003; Palmero et al. 2013).
The significance of Fusarium rot of garlic has been increasing in Serbia and
according to Levi¢ et al. (2009) F. proliferatum, F. oxysporum, F. solani and
F. verticillioides species were previosly identified and isolated from infected
cloves of garlic in Serbia. Stankovi¢ et al. (2007) reported that F. acuminatum and
F. equiseti were isolated from onion, whereas F. proliferatum, F. oxysporum and
F. solani were species detected on both onion and garlic in Serbia.

During 2016, infected garlic bulbs occurred in storage and warehouses in
several localities of the Province of Vojvodina. Disased cloves showed typical
rot symptoms such as softened and spongy areas covered with white or reddish
fungal growth with deep lesions formed on the cloves which became dry and
small over time. Symptomatic bulbs were subjected to phytopathological analysis
in order to identify the causative agent of the disease.

MATERIAL AND METHODS
Morphological characterization

To isolate the causative organism, cloves were separated from the bulbs,
the margins of the lesions were cut into small pieces, surface-sterilized with
1% NaOCl for 2—-3 min, and washed three times with sterile distilled water and
plated onto a Potato Dextrose Agar (PDA) medium amended with 300 mg/1
streptomycin sulphate (Gerlach and Nirenberg, 1982). Plates were incubated at
26 °C in the dark. Seven days later, Fusarium colonies were recognized mor-
phologically and chosen isolates were subcultured in PDA using a single spore
technique. A total of 36 isolates of Fusarium species were obtained. Colony
morphology and microscopic properties of isolated Fusarium species were
recorded from the cultures grown on PDA and CLA, respectively.

DNA extraction and molecular species identification

To obtain a DNA sequence, a total DNA of the 36 isolates and one positive
control FE-3 was extracted directly from the 7 days old mycelium (~ 100 mg wet
weight), with a DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. Following DNA extraction, the translation
elongation factor 1-alpha gene region was amplified by PCR with the primer
pair EF1 and EF2 (Geiser ef al. 2004). The amplification was performed on the
Eppendorf Mastercycler PCR device, using the modified program by Abdel-Satar
et al. (2003): 35 repeated cycles: 94 °C 1 min, 53 °C 1 min, 72 °C 2 min. The
PCR mixture with a total volume of 25 pul consisted of 2x Eppendorf Master
Mix (Taq DNA polymerase 1.25 U, 30mM Tris-HCI, 50mM KCI, 1.5mM
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MgClI2; 0.1% Igepal-CA630; 0.2 mM dNTP); 0.6 uM of each primer and 1 pl
of fungal DNA. Amplification fragments were determined using electropho-
resis on 1.5% agarose gel containing ethidium bromide (0.5 pg/mL). The ex-
pected size of the amplified fragments was estimated by comparison with
ready-to-use O’'RangeRulerTM 100 bp DNA Ladder (SM0623, Fermentas).
The agarose gel was visualised in UV transilluminator and the images were
captured with DOC PRINT system (Vilbert Lourmat, USA).

Identification of isolates was performed by sequencing the translation
elongation factor EF-la/pha gene. Purification and sequencing of the amplified
fragments was done in Company MACROGEN, Seoul, South Korea (http://
dna.macrogen.com). Sequences were analyzed in the program FinchTV Version
1.4.0. Sequence of isolates JBL12 and JBL539 was compared with the previously
reported isolates available in the NCBI GenBank and the Fusarium ID-database
(Geiser et al. 2004), using the ClustalW program (Thompson et al. 1994) and
MEGAS software (Tamura et al. 2011).

PCR assay specificity

On the basis of the EF-lalpha gene fragment sequence, two primer sets
were designed for specific identification of F. tricinctum using NCBI tool for
finding specific primers based on specific sequence of isolate JBLI12 (accession
no. KX611146). PCR were performed in 25-ul reaction (Table 1), with all investi-
gated isolates of Fusarium spp. (JBLI-JBL36). The PCR temperature profile com-
prised an initial denaturation step at 94 °C for 2 min, 35 cycles at 94 °C 1 min,
60 °C 1 min, 72 °C 2 min and a final extension at 72 °C for 10 min. Amplicons
were electrophoresed in 1.5% agarose gel (Invitrogen) with ethidium bromide.

Table 1. Designed new primer sets for specific identification of Fusarium tricinctum and
PCR conditions

. ., PCR Final 25 ul
Primer name 5.3 . .
components concentration | reaction
BLI12-3FUSTRF | TTCGCTCCCTCACTCGAAAC 2x MMix Ix 12.5 ul
BL12-3FUSTRR | TGAAGGAACCCTTTCCGAGC | 10 UM Primer F 1 uM 2.5ul
10 uM Primer R 1 uM 2.5ul
BL12-5SFUSTRF | AGTGCGGTGGTATCGACAAG DNA ~1.000 10 ul
BLI2-5FUSTRR | GTTTCGAGTGAGGGAGCGAA SAARL- — K
Nuc.-free water 6.5 ul

RESULTS
Morphological characterization

The fungal isolate (JBL539) formed a fast-growing (7 cm in 6 days),
abundant, pale ochraceous, whitish-pink and partly carmine aerial mycelium.
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This isolate also produced dark to blood — red pigmentation in agar which later
turned amber with a dark tan colour at the edge of PDA, which is typical of F.
acuminatum (Gerlach and Nirenberg, 1982). On CLA macroconidia were abun-
dant, slender, equilaterally curved with elongated apical cell and pedicellate basal
cell, mostly three to five septate (rarely 0—1 septate) and measuring 32—44 pm x
3.5-4.7 um. The fungus formed globose to subglobose chlamydospores, mostly
in pairs, chains or clusters. Microconidia were not observed. Based on the colony
morphology and the description of fungal structures, the isolated fungus was
identified as F. acuminatum (Ell. & Kellerm) (Gerlach and Nirenberg, 1982).

The isolate (JBL12), when grown on PDA, rapidly produced abundant, dense,
white, aerial mycelium that became pink with age and formed red pigments in the
medium. On CLA, macroconidia were abundant, relatively slender, curved to
lunate and three to five septate. Microconidia were napiform, oval or pyriform,
zero to one septate and commonly clustered in false heads, without chlamydo-
spores. On the basis of fungal morphology, the fungus was identified as F.
tricinctum (Corda) Saccardo (Gerlach and Nirenberg, 1982).

DNA extraction and molecular species identification

To confirm the morphological identification, total genomic DNA was
extracted from the mycelium of the isolates JBL12 and JBL539 with a DNeasy
Plant Mini Kit (Qiagen, Hilden, Germany) and the EF-1a/pha region was suc-
cessfully detected in all tested samples amplified by PCR with the primer pair
EF1 and EF2 and obtaining fragments of predicted size (700bp). The PCR product
derived from the isolates JBL12 and JBL539 was directly sequenced in both
directions using the EF1/EF2 primer pair as in PCR and deposited in GenBank
(Accession No. KX611146, KX752419). The sequences were compared to those
in GenBank. TEF sequence of isolate JBL12 showed 100% similarity with
several F. tricinctum sequences (e.g., HM068307, EU744838, and EU744837)
while the EF sequence of JBL539 showed 99% identity with several F. acumi-
natum sequences (e.g., EF531698, KP868658, KJ194170).

PCR assay specificity
These new designed primers (BL12-3FUSTRF/BL12-3FUSTRR and BL12-
-SFUSTRF/BLI12-5FUSTRR) successfully identified F. tricinctum and its sepa-

rates from other different Fusarium species. One clear band of 223bp and 112bp,
respectively, were visible in tested sample designated as JBL12 (F. tricinctum).

DISCUSSION

Garlic bulbs are quite perishable because their high moisture content makes
them vulnerable to microbial decay as well as physiological deterioration (Eckert
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and Ogawa, 1988). Also Fusarium sp. are one of the most important pathogens
in the growing season and during the storage. The control of Fusarium rot of
garlic is difficult due to the epiphytic survival and spreading of the pathogen
during storage. During 2016, infected garlic bulbs occurred in storages and
warehouses on several localities of the Province of Vojvodina. Symptoms appeared
during the storage, as spongy, softened, cloves covered with white, light pink
or reddish mycelium. Over time the cloves became dry and small.

Based on the results of the molecular identification, macromorphological
and micro-morphological characteristics of isolates JBL12 and JBL539 were
identified as F. tricinctum and F. acuminatum, respectively, as new diseases
causal agents of garlic bulbs rot in Serbia. Stankovi¢ et al. (2007) reported that
F. acuminatum and F. equiseti were isolated from onion, whereas F. proliferatum,
F. oxysporum and F. solani were species detected on both onion and garlic in
Serbia. Recently, F. tricinctum has been described as a new pathogen of garlic
in Serbia (Ignjatov et al. 2017) which, unlike F. acuminatum (JBL539), has
citriform microconidia and falcate, strongly curved macroconidia, with a well-
-marked foot cell.

Fusarium species caused similar symptoms on stored garlic and it was
difficult to distingush them based on the symptoms and morphological charac-
teristics. Polymerase chain reaction (PCR) with primers designated as EF1 and
EF2 were created as choice of a single locus identification tool in Fusarium
genus (Geiser et al. 2004). The presence of a 700 bp amplicon in all investi-
gated isolates was confirmed by comparing the amplified DNA fragments with
the marker and positive control. The translation elongation factor 1-alpha (TEF)
gene which encodes an essential part of the protein machinery is highly in-
formative at the species level in Fusarium (Geiser et al. 2004). Primers EF1
and EF2 were first developed in the fungi to investigate lineages within the F.
oxysporum complex and these primers amplify an ~700 bp region of TEF in
all known fusaria (O’Donnell ef al. 1998).

Nucleotide sequence differences were found when sequence of the EF-la/pha
region of the F. acuminatum was compared to those of F. tricintum, separating
those two species and diverse clusters. Our report on these pathogens provides
a basis for epidemiological studies and supports other efforts towards the de-
velopment of effective disease management strategies for this pathosystem.

The disease tends to occur more frequently in garlic and it is more often
a problem in storage than in the field. Fusarium species infecting garlic affect
the health safety of agricultural workers, especially those associated with pro-
cessing and store houses, as well as the consumers. Presence of Fusarium
cloves infection decreases physiological properties of garlic, especially seed
health and germination potential.

Using tool for finding specific primers based on specific sequence of F.
tricinctum (JBL12/NCBI Acc. KX611146), a PCR-based assay was developed
for the specific detection of F. tricinctum, which has been validated using 36
strains of the Fusarium sp. from different garlic varietes and geographical
origins. Two primers sets were designed for specific PCR identification: BL12-
-3FUSTRF/BLI12-3FUSTRR and BL12-5FUSTRF/BL12-SFUSTRR. One clear
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band of 223 bp and 112 bp was visible in tested isolate JBL12 and no amplicon
was recorded in negative control and other strains.

This finding will provide the basis to develop the effective disease man-
agement strategies and specific identification of F. tricinctum as causal agent
of garlic bulb rot in Serbia.
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MOP®OJIOIIKA 11 MOJIEKYJIAPHA MAEHTUD®UKALINIJA
Fusarium tricinctum U Fusarium acuminatum
TTPOY3POKOBAYA TPVYJIEXU BEJIOI IVKA YV CPBUJU
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"MucTuTyT 32 paTapcTBO M HOBPTAPCTBO,
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2VHCTUTYT 3a 3aIUTUTY OMJbA U JKMBOTHY CPEIUHY,
Teomopa [pajzepa 9, benrpane 11000, Penydnuka Cpouja

PE3UME: benu ntyk (A/lium sativum L.) cmatpa ce jelTHOM o1 HajcTapujux OUIbHUX
BpcTa Ha cBeTy. Tokom 2016. roauHe, 3ama)keHa je mojana TpyJIiexkKH OeJor JTyKa y CKia-
JUIITHMA U MaralliHUMa Ha HEKOJIMKO JoKanuTeTa y BojBoguau. CHMIITOMH Cy ce
WCIIOJhABAIIN Y BHITY JIE3H]ja, TPYJICKH OEIIOT TyKa Kao U 1I0jaBOM MUIIEIH]je Ha HHHIIH-
panuM yeHopuMma. [{ub pana 6o je nzonanuja u uneHTuukamnuja Fusarium spp. Ha
OCHOBY MOP(}OJIOIIKUX ¥ MOJICKYJIAPHUX KapaKTepHCTUKA naToreHa. M3onammjom je
nobujeno 36 uzonara Fusarium spp. Jlerexuuja u uaeHtudukaimja oradpaHux u3osa-
ta norBphena je metomom PCR kopuirhewem npajmepa EF1 u EF2 koju ammnudukyjy
npousBoze BenuurHe 700bp. Y cBuM npoydaBaHUM H30JIaTHMa (POPMUPAHU CY aMILIU-
koHu Benmuune 700bp. M3onanmja JIHK nBa onabpana u3omnaTta u3BpIleHa je€ AUPEKTHO
u3 munenuje ripuBe (~100 mg), kopumrthewem DNeasy Plant Mini Kit (Qiagen, Hilden,
Germany). Unentudukaiuja nzonara JBL539 u JBL12 uzBpiieHa je CEeKBEeHIIUPAHEM
EF-la rena, koju cy nernonoBanu y NCBI 6a3y nmonaraka mon 6pojem KX611146 (F.
tricinctum) n KX752419 (F. acuminatum). Kpeupanu cy crieridpuyanu npajmepu 3a PCR
naeHtTuduKanujy Bpere F. tricinctum.

KIJbYYHE PEYU: 6enu nyx (Allium sativum), Tpynex qyKoBuia u yeHona, EF-1
alpha ren
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DARK-FIELD MICROSCOPE STOOL ANALYSIS —
ITS ROLE IN DIAGNOSIS OF YEAST
OVERGROWTH IN GUT

ABSTRACT: Not long after birth, yeast, predominantly Candida albicans, colonizes
the epithelium of oral cavity and the whole gastrointestinal tract. C. albicans lives in yeast,
anon-harming form, as a commensal member of the microbial flora, but may turn into patho-
gen infective form under certain conditions that encourage its overgrowth. In this phase, it
may damage the intestinal wall and enter the bloodstream, causing invasive candidiasis with
high mortality rate. It is essential to recognize candidaemia and start the lifesaving therapy
on time. Recognizing the risk factors which allow candida to overgrow is the most important
step in preventing candida’s overgrowth and chronic candidiasis, the previous status of invasive
candidiasis. If this recognition is missed, and the overgrowth advances, a question remains
how to discover and treat it and in which phase it should be done. A stool culture requires
time and proves the presence of live yeast cells only. If the live yeast cells are not present in
the stool, the result of the culture will be negative. In this paper, the author presents her expe-
rience of stool analysis under dark-field microscope, as a rapid, easy to carry out method for
detecting the presence of live or dead yeast cells and yeast overgrowth.

KEYWORDS: yeast infection, candida infection, candida overgrowth, chronic can-
didiasis, stool analysis, dark-field microscope

INTRODUCTION

The first publication of Candida overgrowth in the intestine after antibi-
otics administration was written by Irene Neuhauser in 1954. In 1972, Iwata
Kazuo published his observation of drunken people who never drank alcohol,
but had high levels of blood alcohol produced by overgrown candida in their gut.
He called this condition “drunkenness without drinking alcohol.” Later, Orian
C. Truss published his book “The Missing Diagnosis” in 1983, William G. Crook
published his first book “The Yeast Connection” in 1986 and John P Trow-
bridge’s book “The Yeast Syndrome” was also published in 1986. At that time,
their observations and findings were not accepted as scientific, but later on,

* Corresponding author. E-mail: mariakleinlaszlo@gmail.com
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more and more researchers have proved that these first works were right. Still,
there is no consensus among doctors. Some believe, and the others do not, that
yeast can overgrow in gut and cause disturbances in the functions of the whole
body, and that candida syndrome or chronic candidiasis really exists.

The yeast, predominantly candida species, in small amount is normally
the member of the intestinal microbial flora of a healthy person. C. albicans
is the most common yeast species isolated from human stool. It colonizes the
surfaces of the oral cavity and the whole gastrointestinal tract early after birth
(Forbes et al. 2001) and remains there in yeast form without any sign of its
presence until the intestinal flora maintains its balance and the immune system
functions properly. It is commensal, unicellular yeast, but has dimorphic feature
— ability to turn from round or oval unicellular budding yeast form to pseudo-
or hyphae (filament) and mycelium forming multicellular fungal form. It is
also an opportunistic pathogen. It means that under certain circumstances,
when the friendly bacteria are reduced, or the cell mediated immune defence
is depressed (following antibiotics, ster01ds or immunosuppressive therapy, in
immunocompromised persons, in diabetic person, in seriously ill patients
treated in intensive care unit, and in the case of long term unhealthy nutrition,
rich in sugar and refined carbo-hydrates) the benign yeast form begins to
overgrow, spreads on the epithelium surface of the gut, turns into fungal form,
damages the epithelium, and at the end, may cross through the intestinal mu-
cosa and enter into the bloodstream, causing candidaemia and systemic can-
didiasis — fungal infection of any organ (Jawetz, Melnick and Adelber, 2001;
Miranda, 2009). During the past decade, the incidence of mycotic infections has
been increasing such as the mortality of systemic, invasive mycosis.

Before entering the bloodstream, candida overgrows on the mucosal sur-
face of the gastrointestinal tract. The colonies are attached to the mucosa of the
intestine wall with adhesin. This attachment is relatively stable and essentially
irreversible (Kennedy, 1988). I surmise that the existence of this attachment
may be the explanation of why in some patients at high risk with candida
overgrowth, the colonies of the yeast/fungus are not present or just few of them
is found in the stool, and consequently, the microscopic analysis and the culture
are negative. However, after the administration of purgative, live yeast/fungus
detaches from the surface and appears in the stool and becomes visible under
dark-field microscope, as the dead yeast/fungus is visible after the administra-
tion of fungicide.

When overgrown, yeast/fungus may cause local symptoms of the intestine
and distal symptoms of malfunction of any organ, as the whole body is affected.
In literature this is known as candida syndrome or chronic candidiasis. The
longer period they have been overgrowing, the larger surface they occupy, the
symptoms become more complex and by time more severe. Therapy will take
longer time, months or even years until the stool is cleared from yeast/fungus.
If the complex therapy is not long enough, and/or was stopped prematurely, the
remained yeast/fungus continues to overgrow and the symptoms reoccur.

As of recently, discovered pathogenesis and symptoms can be learned in
the paper (Klein, 2009) and the book (Laszl6, 2014) written by the author.
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Overgrowing candida irritates the mucosa of the intestine causing inflam-
mation, mucous production, pain, rise in temperature, diarrhoea or constipation.
Fermenting the sugar, yeast releases carbon dioxide, which leads to bloating
and flatulence without smell, and alcohol damaging the liver or even causing
drunkenness. If the covered surface of the mucosa is larger, the food digestion
and nutrients absorbance are poor, and some nutrients deficiency occur with
their typical symptoms. The damage of the intestine’s wall may cause “leaky gut”.
This allows extraneous substances to enter the bloodstream developing food
intolerance and allergy. The histamine blood level is higher causing itching
anywhere, rash, overproduction of stomach acid, even asthma. Yeast needs sugar
to overgrow, thus sugar, sweets and bread craving is very typical and leads to
overweight. Starvation leads to the drop of the blood sugar (hypoglycaemia)
with its typical symptoms. Many metabolic products of the yeast are absorbed
into the bloodstream causing disturbances all over the body with a lot of different
symptoms like chronic fatigue, irritability, attention deficit, headache, loss of
memory and concentration, palpitation, cold arms and legs, recurrent infections,
hormonal imbalance, fluid retention, and many others.

In most of the patients sufferlng mostly from chronic health problems,
the cause/causes remain unrecognized, as in many cases of gastrointestinal
disturbances the cause remains unknown, because the possibility of yeast over-
growth is not considered. Most doctors still refuse to admit that yeast can cause
such numerous symptoms or illnesses due to their intestinal overgrowth.

To prove the connection between the candida overgrowth in gut and symp-
toms is not easy, because presently available diagnostic methods are imperfect.
Candida antibodies (IgM, IgG) are present in blood of all people with normal
humoral immunity as candida lives in everyone. Early skin prick test to candida
is also positive in case of normal cellular immune response. In case of weakened
immune system, the blood level of the antibodies is very low or immeasurable,
and the early skin prick test to Candida is negative. People with weakened
immune system presumably have certain overgrowth of candida. The same
problem is with the stool analysis — microscopic and culture. Positive results
can be seldom obtained from healthy people. The question is the quantity of
yeast in their stool, normally there should be only a few single yeast cells.
Rarely, in people with yeast/fungus overgrowth the stool may be yeast free, or
just a few single cells can be seen, as the yeast/fungus colonies are strongly
attached to the intestine mucosa. However, after the administration of purgative
or fungicide, live or dead colonies of yeast/fungus, become visible in the stool
by naked eye, as well as by dark-field microscope.

Dark-field illumination is a technique used to observe unstained samples,
causing them to appear brightly lit against a dark, almost black background.
In bright-field illumination, the object is lit from below the stage, resulting in
a larger, contrasted image that can be studied. A dark-field microscope blocks
this central light with a condenser so that only oblique rays hit the object. These
rays from the side of the field make the samples bright, usually white against
the dark background as the aperture of the condenser is larger than the aperture
of the lens.
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AIMS

By using the dark-field microscope, the author aims to identify the pres-
ence and estimate the quantity of yeast in the stool of the patients suffering
from chronic health problems, with increasing number of complaints over a
long period of time, but with unidentified causes. The study is prospective,
started ten years ago, and is still on-going. Until now the author has examined
over 10,000 stool samples and made several thousand photographs. In this
paper, the author presents her results of dark-field microscopic stool analysis
of the mentioned people. Almost all patients have negative records (findings)
of different examination carried out in the past (laboratory, endoscopy, US,
etc.). None of them had microscopic stool analysis and almost none of them
had candida stool culture. Just few of them had records of candida positive
culture of the stool, but no doctors paid attention to the result.

MATERIAL AND METHODS

The study is carried out in the author’s medical office. The samples are
taken from the fresh stool delivered on the day of the analysis.

First, the stool specimens are observed by naked eye and then examined
with dark-field microscope.

Observation with naked eye:

1. The shape of the stool can be normal, sausage-like, or small globules stick
together with or without mucus, covered with mucous (Figure 4), lose or
even diarrhoea.

2. On the surface of the stool can be seen white, yellow or brown mucus or
patches of different dimension (Figure 2, Figure 3), or the surface is nor-
mal, but deep scratching discovers the previously mentioned formations
(Figure 1).

Dark-field microscope analysis is carried out with Zeiss Axioscop 40
microscope, with 10x and 40x Zeiss Achromat lenses.

The native specimens are taken from two different parts of the stool, or more
if the previous two are yeast free; from the mucus or the patches if present,
and placed on the slide (Figure 5).

Frequency of analysis:

In the case of positive findings at the first analysis, the next one will be
carried out after two weeks of antifungal treatment. In the cases of negative
findings, the patients also receive antifungal treatment and recall for first
control examination after two weeks as well. To the author’s experience, two
weeks of therapy is sufficient for killing some quantity of colonies which then
detach from the epithelium and become visible in the stool by naked eye and
by microscope.
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RESULTS

The microscopic images of the stool may sometimes be yeast/fungal free

(Figure 25), due to their stable adhesions to the wall of the intestine, or show
different shape, dimensions and quantity of yeast/fungus as follows:

1.
2.

W N S o 0N LN W

AN A

A few big single round live yeast cells (Figure 6)
A few big round live yeast cells, small colony of small round yeast cells
and single hypha (Figure 7)

. More small round, budding yeast cells (Figure 8)

. More big round and oval live yeast cells without forming colonies (Figure 9)
. A lot of small round live yeast cells without forming colonies (Figure 10)
. A lot of small round live yeast cells with forming colonies (Figure 11)

. A few big round live yeast cells and small round cells colony (Figure 12)
. Big round live yeast cells colony with gas (bubbles) production (Figure 13),

(in these cases patients complain of bloating and flatulence gas without smell)

. Round live yeast cells, few or a lot of live conidia (Figure 14, 15, 16)
. Live mycelia (Fig. 17) and live yeast colony inside the mycelia (Figure 18)

After two weeks of antifungal treatment the findings may be as follows:

. Big single round dead yeast cells (Fig. 19) and cracking big oval cells

(Figure 20)

. Big round yeast cells colony with live and dead cells (Figure 21)
. Big round dead yeast colony with gas production (Figure 22) (these patients

complains of very unpleasant bloating and flatulence of stink gas)

. Dead conidia (Figure 23)
. Dead mycelia (Figure 24)
. Yeast free stool (Figure 25)

.

L
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Figure 1. White spots visible only after scratching
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Figure 2. A lot of white spots on and 1ns1de the stool
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Figure 3. White mucus in the stool
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Figure 4. Small pieces of stool covered with white mucus

Dr. Laszlé Maria

Figure 5. White spots of different dimension
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Figure 6. A few big live single round yeast cells

Figure 7. Single big round live yeast cell, single hyphae, small yeast colony




Figure 8. More single small round, one big oval live cell and budding

© Dr. Laszlo Maria

Figure 9. More big single live oval and round yeast cells
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Figure 10. A lot of small single live yeast cells without forming colonies

© DX Laszlo Maria

Figure 11. A lot of single round live yeast cells, a colony




Dr. Laszlo Maria

Figure 12. A few big single live yeast cells, a small yeast colony

. © Dr. Laszlo Maria

Figure 13. Big live yeast colony producing bubbles




Figure 14. Live yeast cells and a lot of live conidia

Dr. Laszlo Maria

Figure 15. A few single live yeast cells and a lot of live conidia
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Figure 17. Live mycelia
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Figure 18. Live yeast colony inside the live mycelia
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Figure 19. Single dead yeast cells




Figure 20. Small round live yeast cells and big cracking oval cells

ead (black) cells

d

Figure 21. Big yeast colony: live (white) and
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Figure 23. Dead conidia
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Figure 24. Dead mycelia
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Figure 25. Yeast free stool
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DISCUSSION

In some cases of those who had yeast free stool at the first microscopic
examination, after two weeks of antifungal treatment different shape and quantity
of live and dead yeast/fungus appears, as it is in the first positive findings. In
other cases with the first yeast negative stool, after two weeks of treatment the
stool remains yeast negative. The follow-up of these patients should be discon-
tinued, advising them a further search for the cause of their health problems
and teaching them how to prevent candida overgrowth. There is no correlation
in shape and quantity of live and dead yeast/fungus between the first, second,
and all following examinations, but by time, if the treatment is efficient, the
live yeast/fungus decreases in number and disappears at the end, while the
quantity of dead ones increases at the beginning of the effective therapy and
disappears at the end too. During the treatment, sometimes it is possible to see
a few very big live and dead colonies, then smaller and yet smaller ones and again
a few very big ones, until they all disappear. The next analyses are carried out
from time to time during the treatment. Duration between the two analyses
depends on the patient’s status, complaints, way of therapy and microscopic
findings. The dark-field microscope stool analysis is very useful in monitoring
the effectiveness of the therapy, and if necessary it can be modified in time.
The aim of the treatment is to reduce, minimize, or even clear the patient’s symp-
toms and clear the stool from fungus and reduce the yeast to minimum. The length
and the way of therapy is person-dependent, complex and may last from several
months to more years. The longer is the yeast overgrowing, the bigger are the
colonies, the larger is the territory they occupied and longer lasts the treatment.
When the stool is yeast/fungus free (Figure 25), it doesn’t mean that the therapy
is over. After several months, yeast/fungus can be visible again by microscope,
because often the remained yeast begins to overgrow if the treatment was stopped
prematurely and the circumstances which encourage the yeast to overgrowth are
still present and, of course, the symptoms return. Despite the fact that some
doctors do not admit candida overgrowth as a possible source of candidaemia
and invasive candidiasis in people at high risk, others emphasize the benefit
of prophylactic antifungal treatment (Ozturk, 2006; Damjanovic, 1993) even
in people at low risk (Normand, 2005).

SUMMARY

Native stool analysis under dark-field microscope is an easy-to-carry-out
examination, rapid, with no preparation, and may be carried out in general
practice.

The freshly sampled stool from a person without any preparation is first
observed with the naked eye and then, a small amount of it, taken from two or
three different parts, should be placed on the slides, covered and observed
under the dark-field microscope.
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Rather soon, the doctor gets information weather the candida started to
overgrow in patients at risk. Also, he/she is able to follow up the changes in the
stool over time, to start with therapy on time and to monitor the effectiveness of
therapy, aiming the prevention of candidaemia and invasive candida infection.
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AHAJIM3A CTOJIMLIE MUKPOCKOIIOM C TAMHUM I1IOJBEM —
BEI'OBE MOI'VRHOCTU YV OTKPUBABY [TPEKOMEPHO
PABMHOXEHHWX I'’JbBUBULIA

Mapuja C. KJIAJH-JTACJIO

»Kumaju u Knaju Br.
Payn Banen6epr 12, Bynnmnemra 1136, Peny6nuka Mahapcka

PE3MME: Henyro HakoH HacTaHKa, ribUBHILE, yriaBHOM Candida albicans, nace-
JbaBajy CIy30K0XKY YCHE IYTIJb€ U IIEJIOT TaCTpOMHTEeCTHHANHOT TpakTa. Candida albicans
JKUBU y O0JIMKY IJbHMBHIIA KOje HUCY IITETHE caMe 10 ce0H, OJJTHOCHO Ka0 CACTaBHU JICO
MUKpOOHE (Iope, ajau MOXKe Ja MOoCTaHe NaroreHa U MHQEKTUBHA 1o onpeheHum
OKOJIHOCTHMA KOj€ TIOICTUYY HheHO Oyjame. Y Toj (a3u, OHa MOXKE J1a OIITETH 3H]I IIpe-
Ba U yhe y KpBOTOK y3poKyjyhH HHBa3UBHY KaHIUAMja3y ca BECOKOM CTOIIOM CMPTHO-
ct. O CyIITHHCKOT je 3Hauaja Mperno3HaTH 000JheBahC 0/ KAHIU/IC U 3alI0YeTH Ha
BpeMe Teparmjy Koja MOXKe Jla cauyBa *KHUBOT. [Iperno3HaBame GpakTopa pu3uKa Koju
oMmoryhaBajy kanauIu 1a Oyja je HajBasKHMjE Y TPEBCHIIN]H FHEHOT pacTa M XpOHHYHE
KaHJUIMja3e, UITO je IPETXOIHH CTEIICH HHBa3HBHE KaH I/I1ja3e. AKO OBO IIPENo3Ha-
Bambe M30CTaHE U Oyjare y3HANpeayje, IOCTaBJbha Ce MUTAKE KAKO CTAhE OTKPUTH U
JICYUTHU U y K0jo] (a3u TO ypaauTH. Y3rajame KyJIType U3 y30pKa CTOJIMIE 3aXTeBa
BpeMe, a OCHM TOra JI0Ka3 je caMoO MPUCYCTBA )KUBHUX TJbMBUYHUX hennja. AKo KuBe
IJbUBUYHE heuje HUCY MPUCYTHE Y CTONMIIH, Pe3yaTaT KyaType he Outu HeraTupaH.
Y oBOM pany, ayTopKa [peacTaBba CBOje HCKYCTBO C aHAJIN30M CTOJHIIE O MUKPO-
CKOIIOM C TAMHUM I10JbEM, Ka0 Op30M METOJOM JIaraHOM 3a U3BOhee MPEKO Koje ce
yTBplhyje MpUCycTBO JKUBUX WM MPTBHUX TJbUBUYHUX henuja u Oyjame TJbUBHUIIA.

KJbYUHE PEYU: ribuBruHa nHpeknuja, nHEKIMja KaHu10M, Oyjamke KaH/In-
Jie, XpOHUYHA KaHAUIHja3a, aHaJIU3a CTOJHUIIEe, MUKPOCKOI C TAMHHUM MOJbEM
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FARM WATER AS A POSSIBLE SOURCE
OF FUNGAL INFECTIONS

ABSTRACT: The quality of drinking water depends on the water sources, but also
on the quality of the water distribution system which supplies the water on to the final user.
In addition, the possibility of contamination of water used for watering animals in the farm
buildings depends on the hygienic conditions on farms. Microbiological quality of water on
farms in Serbia has not been one of the main focuses of animal breeders, although according
to the Food Safety Law water is considered as food. As feed safety for the animals, which
includes microbiological analyses, is an important concern of breeder farmers, it is also
important to control the water safety in order not to become a cause of the animal health
problems. Change of the water quality is not important only from the sanitary epidemio-
logical point of view, but the presence of different microorganisms, especially fungi, can
cause changes in taste and smell, as organoleptic properties of water. According to legal
regulations, there is no difference between the quality requirements for drinking water
relative to the water supply intended for animals. For the aforementioned reasons, the subject
of this study is microbiological control of water samples from the drinkers for animals at
farms. The aim of the work is to examine which fungi are possibly present in the water and
what their number is. In total, 35 samples of water from pig and poultry farms were tested.
The method of direct seeding and filtration was used. The presence of different types of
mold (4dspergillus sp., Penicillium sp., Alternaria sp., Mucor sp. and Rhizopus sp., and Can-
dida sp.) was determined. The results indicate the necessity of microbiological control of
water for watering of farm animals, which implies the analysis for the presence of molds.

KEYWORDS: water for watering animals, molds

INTRODUCTION

The normal functioning of the physiological activities of the living world
depends on the presence of nutrients and water. In order to provide the production
features of domestic animals, it is important to ensure quality and healthy food
and water for feeding animals. According to the Food Safety Law (Official

* Corresponding author. E-mail: igor@niv.ns.ac.rs

299



Gazette, 2009) water is considered as a foodstuff and must be healthy and safe as
much as all the other nutritive substances that are used for human consumption.
In accordance with these legal requirements there is no difference in the quality
of water used for the watering of animals in relation to drinking water intended
for humans.The Regulation on Hygienic quality of drinking water (Official
Gazette, 1999) defines limit values of microbiological quality of drinking water.
These limits vary depending on the sources used for water supply. In the given
lists of microbiological characteristics of drinking water, regardless of whether
it is purified, disinfected or bottled water, or the natural waters from closed and
opened water sources, they must not contain, in addition to listed bacteria and
algae, any other organisms that can alter the appearance of smell and the taste
of water. The regulations do not explicitly mention the necessity to control the
presence of fungi (molds and yeasts) in water but, without doubt, their presence
may potentially affect water quality and thus the health of the animals and the
people consuming it.

Supply of farm animals with water has its own characteristics with different
aspects. Besides the local rural or suburban water supply system, for supplying
water to the farms dug wells within the same farm can be used. Except the afore-
mentioned facts, a part of an aqueduct, located within a farm, can be used for
antibiotic treatment of animals when needed. Medicators (Stojanov et al. 2003) are
part of the water supply system ensuring that the application of antibiotic therapy,
carried out for a sufficient period of time with the required concentration of the
drug, will provide a therapeutic dose and efficacy of the administered antibiotics.
The potential risk of the creation and expansion of biofilms (Wingender and Flem-
ming, 2011), as well as the specifics of the water system on farms, provide a good
opportunity for the survival and spread of the fungi. A research on the presence
of fungi in drinking water (Hageskal ez al. 2009) in the past decade, indicates that
they are water contaminants. It also indicates that our knowledge of their presence
in water and their importance for health have not been sufficiently explored. The
finding of fungi in water, including filamentous molds and yeasts, may not have
a direct effect on the health. Indirectly, molds could be potentially pathogenic,
toxic or allergenic biological agents that harm the health, particularly in immuno-
compromised individuals (Hageskal et al. 2009). Finding fungi in hospital, in
aerosols from the shower or tap water, and saunas, allows for the possibility that
the infection spread through inhalation. Similar situation is possible on farms.

The hygienic conditions in facilities where animals are bred are far dis-
advantageous, compared to those in hospitals. For these reasons, the subject of
our study is microbiological control of water samples from the drinkers for farm
animals. The aim of this paper is to examine which fungi are possibly present
in water and what their number is.

MATERIAL AND METHODS

Water samples processed in the laboratory came as part of regular analysis
of the water for watering of farm animals. A total of 23 water samples from
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poultry farms and 12 samples from a pig farm were examined. The samples
were taken from the drinker in the facilities of a farm. Before the samples were
collected in sterile bottles, water from the drinkers is poured out 3 times. In that
way, the negative impact of possible contamination of water with residual food
that animals can leave during watering was reduced. The taken samples were
transferred to the laboratory at 4 °C for 2—4 hours. The samples were divided in
two parts. The first part was directly inoculated on a nutrient substrate, while
the other part was filtered off, after which the filter was seeded into a nutrient
medium. The laboratory methods described in the national laws for samples
examination (similar with international methods) are obligatory. Direct seed
included microbiological testing according to the Regulation on the method of
sampling and laboratory methods for the analysis of drinking water (Official
Gazette, 1987), and it was added to Sabouraud agar (Biocare) for isolation of
fungi. Water was filtered by the Millipore filters and disposable cups (MF — Mil-
liporeTM, Microfila Funnel & Filter, 250ml, 0,45um 47mm) and single-chan-
nel filtration system (Millipore), after which the filter was seeded directly into
Saburo agar. The seeded plates were incubated at 25 °C for 4 days.

RESULTS AND DISCUSSION

The microbiological control of drinking water includes the control of the
presence of bacteria, viruses or parasites, which can contaminate water and affect
human health (Hageskal et al. 2009). The problem of control of water used for
watering animals in this country is relatively neglected because breeders do
not realize the importance of microbiological safety of water used by farm
animals. It seems that they are not aware that water is also foodstuff and that
it has to be controlled as any other food (Stojanov et al. 2015). Table 1 presents
the results of microbiological analysis of water. The samples were directly
planted on nutrient medium.

Table 1. Results of examination of water from farms — direct seeding

No. of samples that did not correspond | No. of samples
No. of processed . A .\
to the regulations on the hygienic positive for the
samples - . .
quality of drinking water presence of fungi
Samples from
poultry facility 23 2l 3
Samples from 12 10 4
pig facility

Isolated fungal species from water samples: Aspergillus spp., Penicillium spp., Alternaria spp.,
Rhizopus spp., Mucor. sp. and Candida sp.

Fungi are divided into several groups according to their systematization.
They belong to kingdom Eumycota and are classified into the five phyla: Asco-
mycota, Basidiomycota, Zygomycota, Chytridiomycota, and Glomeromycota
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(Kirk et al. 2001; SchiiB8ler et al. 2001). According to the structure, fungi can
be divided into filaments which are called molds, yeasts and mushrooms. Some
fungi are naturally adapted to water and therefore can be found in it as normal
inhabitants. They are called zoosporic fungi and mainly belong to the phylum
Chytridiomycota. The fungi which belong to other phyla of Eumycota are
adapted to the terrestrial conditions and can be found in soil, organic matter
and air (Kirk ez al. 2001). These types of fungi can enter water from the above
mentioned substrates, so it can be said that water is not their natural environment.
The water analyzed in this paper, certainly, could be contaminated with different
types of fungi, because it was taken from the building where animals lived and
where there was a large amount of organic matter. With regard to this, it is
important to emphasize that the level of humidity in farm facilities is usually
very high, which makes favorable conditions for fungi. In this study, it was found
that a large number of water samples used for watering animals was microbio-
logically incorrect. Most commonly present were coliforms and fecal coliforms,
as well as fecal streptococci. Unfortunately, there could not be determined the
correlation with the finding of fungi. Similar results were reported by Pereiraet
et al. (2009) when testing three different samples of drinking water.

In Table 2 are given data on tested samples with the filtration. In this test
was used 100 mL water sample. Samples were filtered through a 0,45um filter.
The filter was seeded into the surface of a nutrient agar.

Table 2. Results of farm water examination — filtration method

No. of samples that did not correspond | No. of samples
No. of processed . o .
to the regulations on the hygienic positive for the
samples ; .. .
quality of drinking water presence of fungi
Samples from
poultry facility 23 23 8
Samples from 12 12 6
pig facility

Isolated fungal species from water samples: Aspergillus spp., Penicillium spp., Alternaria spp.,
Rhizopus spp., Mucor spp. and Candida spp.

Comparing the results in Table 1 and Table 2, it can be seen that the
method of filtration was better than method of direct plating. We found that
every water sample from a facility where animals are bred was not in accord-
ance to the criteria of the regulations on hygienic quality of drinking water.
This result was expected. However, the method of filtration could not be used
to determine the total number of mesophilic bacteria. Due to the large presence
of bacteria in the water, determining the total number of bacteria is not possible
by the method of filtration. A large number of bacteria which were retained by
the filter after the inoculation did not allow determination of the total number
of microorganisms.

All kinds of isolated fungi in the tested water samples do not represent the
pathogens that would directly jeopardize the health of animals. Similar results
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were reported by Goncalves et al. (2006) who examined the drinking water in
buildings where people live. Some of the isolated fungi can be potentially
pathogenic, can represent allergens or possess toxigenic potential. Certain species
of Aspergillus were present in 49% of samples tested at the University Hospital
in Norway (Warris et al. 2009). However, Aspergillus fumigatus was one of
the most common pathogens that caused infections in immunocompromised
individuals (Marr et al. 2002; White, 2005). Hospitals are facing significant
increase in opportunistic infections caused by fungi in patients with reduced
functional status of the immune system (Denning, 2006). The use of corticos-
teroids, chronic diseases, diabetes, HIV infection, and surgical interventions
can be some of the predisposing factors that create a favorable conditions for
fungal infections. Particular issues are the aging of human population and the
increasing number of transplantations and human cancers (Perlroth et al. 2007).
A special aspect of the issue of the presence of different microorganisms in
drinking water is the possibility of the formation of biofilms. Finding biofilms
in water supply system can represent temporary or permanent problem. It
mainly depends on the species of microorganism found there, as well as on the
hygiene standards (Wingender and Flemming, 2011). All the uncertainties and
potential risks related to the water system and drinking water in the human
population, when compared to water quality and water supply systems within
farm, indicate the need for water control and continuous monitoring of the
farm water quality.

CONCLUSION

Our testing included microbiological control of water for watering on pig
and poultry farms. In the tested samples, the presence of fungi and bacteria was
determined. The presence of fungi in the samples was between 20% and 40%
and it was dependent on the method used. The filtration method was better for
testing water for the presence of fungi, while the direct seeding method proved
to be better for determining the presence of bacteria.

The finding of fungi in the tested samples indicates a possible microbio-
logical disadvantage of the water. In addition, these microorganisms change
organoleptic properties because they change the smell and taste of water. Studies
indicate the need for microbiological control of water, which includes bacte-
riological and mycological examination.
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BOJA CA ®PAPMU KAO MOI'Y'hU U3BOP
MHOEKLIMJA TJBMBULIAMA
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Cangpa M. JAKIIN'R, Mununa M. JKUBKOB-BAJIOLL, Pagomup P. PATAJALL

Hayunu unctutyT 3a BerepunapcTso ,,Hosu Can’,
Pymenauxu myT 20, HoBu Caz 21000, Penry6mmka Cpouja

PE3MME: KBanuteTt Bozie 3a muhe 3aBHCH HEMOCPEIHO OJ] CAMOT H3BOPHIIITA KOja
Ce KOPHCTH 3a Jo0Hjarbe BOJE, a OCPEAHO O KBaJIMTETa AUCTPUOY TUBHOT CHCTEMa
KOJUM ce BOJIa TPAHCIIOPTYje 10 KoprCHHKA. Bozta Koja city»u 3a Halajatbe JKUBOTHEA
y objekTnMa o1aTHO je onrepeheHa MoryhHOCTHMa KOHTAMHHALN]E PA3IMIUTHM MH-
KPOOpPraHM3MHMA, YKJbY4yjyhu U TJbUBHIIE, IITO j& YCIOBJHEHO XUTHjJEHCKHM OKOJTHO-
ctuma papme. MUKpoOHOJIOIIKa UCIIPABHOCT BOJIC Ha (hapMama, y HallliM yCIIOBHMA,
Hajuernhe HUje MpeMET MaX ke OJrajuBada )KUBOTHEbA HAKO ce TpeMa 3aKoHy 0 0e3-
OETHOCTH XpaHe Boja cMarpa HaMHpHUIIOM. OHAKO Kako ce oxrajuBadu — hapmepu
OpHHY 0 37JpaBCTBEHO] CIIPABHOCTHU XpaHe, ITO 00yXBaTa MHKPOOHOJIONIKE U HY TPHTHB-
HE aHallM3e KBaJUTeTa XpaHe, TaKo je BAKHO J1a C€ U BOJa KOHTPOJIHILE KaKo He O 1o-
cTaJia pas3Jior 30paBCTBEHUM IpoOIeMuMa )KUBOTHIbA. [IpoMeHa kBauTeTa BoJie HItje
Ba)KHA CaMo €a eMUAEMHUOJIOIIKO CAHUTAPHOT aclleKTa, Beh MpUCyCTBO pa3iuyuTHX
MHUKpPOOpraHu3ama, a noceOHO, IJbUBULIA MOXKE JI0OBECTH JI0 IPOMEHE yKyca U MUpHUCa
LITO MEHa OPraHoJeNTHYKA CBOjCTBa Boje. [Ipema HaBeneHMM 3aKOHCKUM ofpeadama
HE TI0CTOJU pasiikKa y KBaJUTETY BOA KOje CE KOPHCTE 3a yIIOTpely Halajarba )HBOTH-
a y OJHOCY Ha BOJY 32 nuhe HaMereHy 3a Jby/e. ClieudUIHI XUTHJCHCKU YCIOBH
y o0jekTrMa, OyHapy Ha (hapMaMa KOju ce KOPHCTE Kao H3BOPHUIIITA Hallajarmha )KHBOTHU-
Ba 1 MOryhHocT kopuirhema BOJOBOIHOT cucTeMa (apMe 3a Tepanupame 000IeTuX
KUBOTHHbA Cy HEKE OJ] KpUTHYHHX TauyaKa y CTOYapCKOj IIPOM3BO/EHU KOJH ITPEICTABIbA]Y
pasJIor MHUKpOOHOJIOLIKEe KOHTPOIE Boe. M3 HaBEACHUX pasJiora IpeaMeT Halller pajia
Je MMKpOOHOIIOLIKA KOHTPOJIA y30paKa BOJIC U3 MOJUIIMLIA C KOJUX C€ XKHBOTHIE Hanajajy
BozioM Ha (hapmu. Llnsb paja je 1a yTBpANMO 1a I e y MCIMTAHUM Y30pLHMa Hajlase
TJBUBHLIC M KOJIMKA € IHX0BA 3aCTYUBEHOCT. YKYIIHO je periefiato 35 y3opaka Boje
ca ¢apmu cBUba ¥ )kuBUHE. Kopunrher je MeTon AupeKTHOT 3acejaBama u puiTpanuje.
YrBpheHo je mpucycTBo pa3znuuuTx Bpcra miaecHu (Aspergillus, Penicillum, Alternaria,
Mucor, Rizopus n Candida). Pe3ynTaru ykasyje Ha HEOIXOAHOCT MHKPOOHOJIOIIKE KOH-
TPOJIe BOJE 3a Halajarme KUBOTHIHA KOja 00yXBaTa 1 aHAJIM3€ IPUCYCTBA TUICCHHU.

KJbYYHE PEUU: Boxa 3a Hamajame )KUBOTHbHA, TIJICCHH
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FIRST CASE REPORT ON PATHOGENIC FUNGUS
Fonsecaea sp. Negroni FROM SKIN OF
Pelophylax k1. esculentus L. IN SERBIA

ABSTRACT: Non-harmful adhesive tape method was applied directly on the skin
surface of edible frog (Pelophylax k1. esculentus), captured in vernal ponds on the locality
“Stevanove ravnice” within the Special Nature Reserve ,,Deliblatska pes¢ara®, in order to
detect fungal dwellers of frogs’ skin. Light microscopy analyses of LactophenolCottonBlue-
mounted adhesive tape samples taken from frog’s ventrum revealed the presence of melanized
septate hyphae, branched conidiophores with chains of single-celled ovoid conidia, arising
directly from the skin, which corresponds to morphological features of dematiaceous hy-
phomycete — Fonsecaea sp. Since members of genus Fonsecaea are frequently cited as
causative agents of chromomycosis in amphibians, as well as human phacohyphomycosis, world-
wide, it is of great significance to study the presence of this fungal pathogen on amphibians
in Serbia in order to make the basic reference data of the incidence of these pathogens in this
region.

KEYWORDS: adhesive tape method, chromomycosis, dematiaceous fungi, Fonsecaea
sp., frogs, pathogen

INTRODUCTION

Since the discovery of amphibian chytrid fungus, Batrachochytrium den-
drobatidis Longcore, Pessier & D.K. Nichols, pathogen responsible for extinction
and rapid decline in frogs’ population worldwide (Berger et al. 1999; Woodhams
et al. 2012), more attention is given to fungal infections of amphibians, in
general. The degree of susceptibility to B. dendrobatidis varies greatly between
species and is attributable to multiple factors including host physiology, envi-
ronmental conditions and the skin microbial communities (Bletz et al. 2013).

* Corrensponding author. E-email: smilos@bio.bg.ac.rs
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Concerning these factors, skin microbial communities have come to the fore-
front of research on B. dendrobatidis susceptibility due to the role symbiotic
bacteria play in host resistance. During metamorphosis, the skin of the body
becomes increasingly keratinized and the fungal infection is then able to spread
over the skin of susceptible species (Marantelli et al. 2004; Rachowicz and
Vredenburg, 2004). Apart from B. dendrobatidis, causative agent of chytridyo-
mycoses, amphibians (anurans and caudates) are also susceptible to other fun-
gal infections such as mucormycoses, basidiobolomycoses, saprolegniases and
chromomycoses (Pessier, 2002; Pare, 2003; Densmore and Green, 2007). Darkly
pigmented filamentous fungi, i.e. dematiaceous hyphomycetes, members of
genera Cladosporium, Exophiala, Fonsecaea, Phialophora, Scolecobasidium
and Veronaea, are causative agents of cutaneous and systemic chromoblasto-
mycoses of post-metamorphic anurans. This presents chronic, cutaneous and
subcutaneous infection, characterized by slowly expanding nodules that even-
tually lead to emerging, cauliflower-like, mutilating and disfiguring eruptions.
Infection proceeds with muriform cells in tissue provoking a granulomatous
immune response (Pare, 2003; Hosoya ez al. 2015). Propagules of these fungi
(conidia, ascospores, chlamydospores hyphal fragments) are often present in
soil and leaf litter. Seldomly, these saprotrophic fungi act as oportunistic path-
ogens (Pare, 2003), infecting anurans through traumatic inoculation of fungal
propagules, followed by dissemination to internal organs (Pessier, 2002).

Ascomycete Fonsecaea is an anamorph member of the family Herpotrichiel-
laceae, order Chaetothyriales class Eurotiomycetes. This genus contained only
three described species, namely F. pedrosoi (including its morphological variant
F. compacta), F. monophora and F. nubica (de Hoog et al. 2004). These species
are morphologically indistinguishable and could be separated only on the basis
of ITS sequencing. Also, Vicente et al. (2012) described and reported novel
species in this genus, F. brasiliensis, associated with letargic crab disease of
mangrove crab, Ucides cordatus L.

Relationships between microbial communities and their hosts can be highly
complex. Host-microbiome interactions could be influenced by numerous factors
which include host traits such as genetics, life history and behavior, as well as
broader effects of environmental factors (Ding and Schloss, 2014). Furthermore,
the skin of different amphibian species, and even individuals, may vary by both
the presence and the type of anti-microbial peptides, mucosal secretions and levels
of skin sloughing, which can affect the formation and maintenance of resident
microbiota (Meyer et al. 2012). Current studies are focused on elucidating the
basic biology governing the host-microbiome relationship to confidently and ef-
fectively implement microbiome science in conservation efforts (Longo et al. 2015).

Special Nature Reserve “Deliblatska pescara” is situated in North Serbia
and represents the largest European continental sand. Due to flora and fauna
species richness, “Deliblatska pescara” is one of the most important centers of
biodiversity in Serbia and Europe and is protected by a Decree of the Government
of the Republic of Serbia (Official Gazette of RS, no. 3/2002). As the interna-
tionally significant bird habitat, it is included in the Ramsar List of Wetlands
of International Importance (Josimovi¢ and Pucar, 2010). Many rare species
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nest in the area of the flood riverbanks of the Danube river where there is one
of the largest migratory stations of water birds in Serbia as well as a nesting
place of many rare and threatened bird species such as Little egret (Egretta
garzetta L), common pochard (4ythya ferina L.), pygmy cormorant (Microcarbo
pyvgmeus Pallas) etc. This is also one of the areas in Serbia that are inhabited with
all three taxa of the Pelophylax synklepton esculentus complex (P. lessonae, P.
ridibundus and hybrid species P. k1. esculentus). Also, this region represents south-
ern limit of distribution for P. lessonae. During their whole life cycle, green frogs
represent important food source for water birds and other higher level consumers.

The main aim of this research was to get insight into frog’s epidermis-asso-
ciated mycobiota and detection of potential fungal pathogens via application of
the adhesive tape method, already succesfully applied in medical and veterinary
mycology (Harris, 2000), for the first time on anuran skin, which could lead
to recognizing and registration of novel fungal pathogens in this region. Also,
investigation of specific biological communities within protected areas, could
lead to implementation of more effective management strategies.

MATERIALS AND METHODS

Specimen of water frog, Pelophylax synklepton esculentus complex was
captured in vernal ponds on the locality “Stevanove ravnice” within the Special
Nature Reserve “Deliblatska pescara” in September 2016. Based on qualitative
traits and morphometric parameters (Krizmani¢, 2008), the captured individual
was identified as male specimen of edible frog Pelophylax k1. esculentus L.
(Figure 1).

Figure 1. Pelophylax k1. esculentus in its natural habitat (Photo K. Breka)
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Captured specimen was put in wet denim sack and proceeded to field
laboratory. In laboratory conditions, adhesive tape was gently adhered to five
different skin areas (dorsal and ventral side, head, fore- and hindlimbs) and
removed imperceptibly (Urzi and De Leo, 2001). Adhesive tapes samples were
then mounted in standard mycological dye LactophenolCottonBlue (LCB), at-
tached to microscope slides and observed under light microscope (Nikon Eclipse
E200, equipped with camera Bresser MikroCam PRO HDMI, Japan). Observed
and documented fungal structures were compared with avaliable identification
keys in order to identify fungi present in the samples (Larone, 1989).

After the examination, captured frog specimen was safely returned to its
original habitat.

RESULTS AND DISCUSSION

Adhesive type samples taken directly from skin of the ventrum and inves-
tigated under light microscopy revealed the presence of well developed mycelium
consisted of septate, melanized and loosely branching hyphae, with conidiog-
enous apparatus producing an asterisk-like appearance (Figure 2a). Abundant
septate conidiophores, erected from somatic hyphae, bearing short chains of
single celled ovoid conidia (@ 3.5-5 x 1.5-2um) were frequently observed
(Figure 2b). Apparently, the mycelial growth and conidiation were abundant
on frog’s ventral side and typical conidia with denticles were observed in mass
(Figure 2c). These fungal structures were not detected on other parts of frog’s
skin. According to Larone (1989) documented micromorphological features,
including conidia shape and size, type of conidiation and branching of con-
idiophores, correnspond to dematiaceous fungus, Fonsecaea sp. Additionally,
morphological identification of documented fungal structures was confirmed
via online mycological database presented on the website “Mycology online”
(http://www.mycology.adelaide.edu.au/descriptions/hyphomycetes/fonsecaea).
Morphologically, four types of conidial formation were described for Fonse-
caea species: Fonsecaea, Rhinocladiella, Cladosporium and Phialophora type
and morphological features observed on P. kl. esculentus correnspond to Fon-
secaea type of conidiation (septate and erect conidiophores, primary conidia
produced on swollen denticles, long conidial chains not formed).

In axenic cultures, Fonsecaea spp. are characterized by slow growing
colonies, displaying flat to heaped and folded shape, with suede-like to downy
or olivaceous to black coloration with black reverse. The identification of Fon-
secaea spp. to species level based solely on morphological criteria is very dif-
ficult, due to polymorphysm, and hence for proper and more detailed identification
of these fungi, isolation of pathogen is requiered, followed by additional molecular
analyses or metagenomics approach. Although, none of known chromomycoses
symptoms (ie. cutaneous lesions, nodules, skin ulcers...) were documented
during examination of captured frog specimen, the presence of Fonsecaea sp.
structures, in form of well developed mycelial phase and abundant sporulation
directly on frogs skin, is very significant, since Fonsecaea spp. is cited as causative
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Figure 2. Fonsecea sp. growing and sporulating on Pelophylax kl. esculentus skin, dyed
with LCB; a) mycelium with asterisk-like conidiogenous apparatus (bar represents 50 pm);
b) detail of conidiogenus apparatus (bar represents 10 um); c) single-celled ovoid
conidia with denticles in mass (bar represents 10 um).

agent of chromomycoses of amphibians. Infections caused by F. pedrosoi were
reported for cane toad, Rhinella marina L. (Cicmanec et al. 1973) and northern
leopard frog Lithobates pipiens Schreber (Rush ef al. 1974). Albeit, infections
caused by F. pedrosoi and other dematiaceous fungi affect people, via chromo-
blastomycosis and phaeohyphomycosis, pathogen transmission from amphibians
to humans has not yet been reported (Pare, 2003). Likewise, since the dema-
tiaceous hyphomycetes are usually considered as opportunistic or secondary
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pathogens of anurans, it could be assumed that examined frog specimen also
suffer from some other primary fungal or bacterial infection.

CONCLUSION

In this research the application of adhesive tape method directly on am-
phibians’ stratum corneum was demonstrated for the first time as useful tool
for preliminary observation of fungal skin dwellers. Not only transients but also
the potential pathogens could be detected via adhesive tape method. This method
is completely safe and provides minimal stress to studied animal, so it can be
introduced as significant diagnostic tool for detection of epizootic communities
of frogs and other amphibians, possibly cyst and zoosporangium of B. dendro-
batidis, as well. In further researches other amphibian species from different
localities in Serbia should be included. This resarch could be helpful in further
studies on amphibian declines and their causes as well as on amphibian con-
servation, with an emphasis on those that describe methods for monitoring and
conserving amphibian populations in Serbia.
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ITPBU TTPUKA3 CIIVUAIJA TTATOT' EHE T'JBUBE Fonsecaea sp.
Negroni HA KOXW Pelophylax k1. esculentus L. Y CPBUIN

Munom Y. CTYTIAP, Karapuna B. BPEKA, Umpe U. KPUSMAHUR,
Cphan 3. CTAMEHKOBUh, Hukona [I. YHKOBU'R, Kespko JI. CABKOBUR,
Jenena b. BYKOJEBU'h, Mununa B. JbLAJbEBU'h-I'PEUh

Yuusepsuret y beorpany, buonomku daxynrer,
Crygnentcku Tpr 16, beorpax 11000, Perryonuka Cp6uja

PE3UME: ¥V uniby aerexuuje u ueHTudHUKaIMje (PyHTATHUX KOJOHU3aTOPa KOXE
3enene xxaoe (Pelophylax K. esculentus), u3 epemepHux 6apa c iokanurera ,,CTeBaHO-
Be PaBHune” y okBupy CrnenujasHor pesepBara npupoe ,,Jlennbnarcka nemrgapa”,
M3BPIICHO j¢ Y30pKOBame 0e30€JHOM METOJIOM aJIXe3MBHE Tpake. MUKPOCKOICKa
aHaln3a je Mmokas3ala MpUCcyCcTBO MEIaHU30BaHUX, CEITHPAHUX XH(a U TPaHATHX KOHU-
JIrodopa Koje ce y3IMKy TUPEKTHO C ermujiepMIca TpOyIHe cTpaHe xade 1 Hoce Tep-
MHUHAJTHO TIOCTaBJbEHE JIAHIIC jeTHONEIH]CKIX, OBAIHUX KOHUIHUja. JJOKyMeHTOBaHe
MHUKPOMOP(HOJIONIKE KapaKTePUCTHKE OIr0Bapajy OMUCY MaToreHe TJbhBe pona Fon-
secaea. OBaj HaNa3 je 3HaYajaH 0O3MPOM JIa c€ BPCTE OBOT POJia HABOJIE KAO Y3POUHHUIIH
XPOMOMUKO3a BOZ03EMalla, Kao M XyMaHHX (peoxnudomukosza. Kako npucyctBo Fonsecaea
Sp. Ha KOXH 3eseHe sxabe y CpOuju HHje CaolllITeHO, O/ BEJTUKOT je 3Havaja Jajbe Mpo-
ydaBambe OBE MIATOTCHE TJbHBE Y LUJbY CaKyIJbakha PePEPEHTHUX MOAATaKA O HEHO]
JUCTPUOYIUjU Y PETHOHY.

KJBYYUHE PEYU: meTona agxe3uBHe Tpake, XpOMOMUKO3a, MAaTOT€HA TJbUBA,
Fonsecaea sp., xabe, maToren
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EFFECT OF NOZZLE TYPE ON THE FUNGICIDE
EFFICACY FOR FUSARIUM HEAD BLIGHT
SUPPRESSION ON WHEAT

ABSTRACT: Effect of fungicide treatments on Fusarium head blight (FHB) and grain
yield of wheat depending on application technique i.e. use of different nozzle types, was
evaluated in the study. Nozzles types TJ 11004, Albuz ATR 8004 and Arag TFA 11004 were
used for application of systemic fungicide Duett Ultra (0.5 1/ha). FHB intensity (%) was
determined on the basis of a visual assessment of the number of infected heads and the pere-
centage of the disease symptoms on the individual head. Differences in grain yield between
the treated variants, as well as between the treated and untreated variants, were determined
after hand threshing. The lowest percentage of FHB development in wheat and the highest
yield were recorded in variants where fungicides were applied by nozzle type ATR 8004.
Application technique directly affects the reduction of fusarium head blight in wheat and
indirectly it also reduces yield loss.

KEYWORDS: application technique, fungicide, fusarium head blight, wheat, yield

INTRODUCTION

In Republic of Serbia in 2014 wheat was sown on 610,218 ha, and the total
production amounted 2,313,947 t, which corresponds with the average yield of
3.79 t/ha (Mladenov, 2015).

The most significant diseases of wheat stem and leaf are powdery mildew,
leaf spots and rusts, while the most significant disease of wheat head is fusarium
head blight. Under agroecological conditions of Serbia, FHB occurs at variable
intensity, depending on weather conditions during flowering and grain forming

* Corresponding author. E-mail: sterbildi@gmail.com

315



as well as on crop rotation (Balaz, 1989; Balaz, 1990). In certain years, fusariosis
occurs at epidemic proportions. On some wheat varieties, infection intensity
of up to 50% was recorded (Balaz et al. 2010). Yield reduction caused by head
fusariosis varies from year to year from 5 to 70% (Kori¢ and Tomasovi¢, 1989).
Fungicides for FHB suppression on wheat are applied at the beginning of
flowering.

Very good results in the control of FHB can be achieved by timely, foliar
fungicide sprays, using sprayers with adequate nozzles. Nozzles are sprayer
elements that define droplet size, shape and angle of stream, liquid volume and
coverage quality of the treated area. Stucture and spectrum of drops in the
stream are very important parameters of the nozzles and deposit precision i.e.
volume of protective agent applied on the protection object depends on these
parameters. Structure and drop spectrum are defined by droplet size in the
stream and mostly depend on the shape of the nozzle outlet and operating pressure
(Sedlar et al. 2014).

MATERIAL AND METHODS

Field trial at locality Ada, route Brezane, on an area of 3,584 m?, was set
in production in years 2014 and 2015 to test effects of fungicide Duett Ultra
(a.i. 187 g/l epoxiconazole and 310 g/l tiophanate-methyl) on FHB intensity on
wheat depending on application technique. The trial consisted of four variants
and was set in four replicates (Table 1). Trial area was divided in 16 equal parts
and replicates of different variants (different fungicide application techniques) were
set in randomized design. Wheat variety in the trial was Euclide, a high-yielding
variety originating from France. Sowing was conducted on 15th of November
2014 with the norm of 220 kg/ha.

Duett Ultra at application rate 0.5 I/ha was applied to wheat plants with
different nozzle types at the beginning of flowering with an aim to protect
wheat heads from fusariosis. Variants and application techniques are presented
in Table 1.

Table 1. Nozzle types used in different variants in the trial (Anonimus, 2009, 2015, 2015a)

Variants | Nozzles |Characteristics of the tested nozzles
v, Untreated _
control
v TJ 11004 | Standard flat fan nozzle, red color, stream angle 110°, flow rate 1.6 I/min,
2 (Figure 1) |brassy.
ATR 8004 | Hollowcone nozzle, red color, stream angle 80°, flow rate 1.6 1/min,
V; . S .
(Figure 2) | plastic with ceramic pad.
v TFA 11004 | Twin fan air nozzle, red color stream angle 90° with 30°— 30° forward
4 (Figure 3) | and reverse output, flow rate 2 x 0.8 1/min, plastic with polymer pad.
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Figure 1. Stream of the nozzle Figure 2. Stream of the nozzle Figure 3. Stream of the nozzle
type TJ 11004 (original) type ATR 8004 (original) type TFA 11004 (original)

Two weeks after fungicide application, FHB was assessed to determine
fungicide efficacy depending on the nozzle type.

Head infection was evaluated in each variant on 600 heads per replicate
(in total 2,400 heads per variant) and the percentages of diseased heads and
disease intensity were calculated. Percentage of affected head area i.e. infection
category was determined according to the scale — Figure 4 (Steffenson et al. 2004).

] f [

To% B0% 20%
Figure 4. FHB, percentage of head area affected (Steffenson et al. 2004).




Disease intensity i.e. disease index was calculated using Mc Kinney for-
mula (Collective of authors, 1983). Fungicide efficacy depending on application
technique was determined by Abbot formula (Wentzel, 1963).

Wheat grain yield was determined after hand threshing conducted on 2™
of July, 2015. Four points of 1 m?*were randomly marked on each plot and
after hand threshing, the grains were measured and the yield per hectare was
calculated. Differences in yield between treated variants and untrated control
were determined.

RESULTS AND DISCUSSION

Wheat flowering in 2015 was carried out in the second decade of May. In
this period, four days of precipitation of 11.8 mm were recorded. Average air
temperature in May was 17.2 °C. The above mentioned conditions partially
favored FHB development.

In control plot, percentage of affected head area was between 0% and 90%.
In control plot, 6.91% of wheat heads were infected. Disease index in control
plot was 2.05% (Table 2). In fungicide treated variants no symptoms or mild
infection of heads were observed. On average, 0.3% of heads were infected.
In treated variants, infected heads were in category 1%—10% of infected head
area and average disease index was 0.044%. Disease index recorded for each
treated variant is shown in Table 2.

Table2. Percentage of disease heads, disease intensity and fungicide efficacy depending
on application technique

Variant Averalll%:é):' g)}:)e ased Disease index (%) | Fungicide efficacy (%)
V1 6.9100 2.05 —
V2 0.7916 0.0935 95.44
V3 0.0416 0.00375 99.82
V4 0.1250 0.036 98.24

The results show that fungicide application in flowering phase of wheat
resulted in reduced incidence of FHB (Table 2).

Regarding application technique, the best result in head protection was
obtained in variant 3 in which fungicide was applied by ATR 8004 nozzles,
with average of 0.0416% of infected heads. Fungicide efficacy in this variant
was 99.82%. In variant 4 in which TFA 11004 nozzles were used, percentage
of diseased heads was 0.125% on average, while the lowest fungicide efficacy
was recorded in variants in which fungicide was applied with nozzle TJ11004
in variant 2 (on average 0.7916% of infected heads).

In Table 3, the obtained grain yield after hand threshing calculated per
hectare is presented for each plot. According to total yield obtained on the plots,
and depending on fungicide nozzle types, calculated average yields were the
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following — V1 (control) — 5,762.5 kg/ha, V2 — 5,825 kg/ha, V3 — 5,875 kg/ha,
and in V4 — 5,846.88 kg/ha.

The highest yield was recorded in V3 (ATR 8004) and compared to V4
(TFA 11004) and V2 (TJ 11004) it was 28.12 kg/ha (0.48%) and 50 kg/ha
(0.85%) higher, respectively. In variant 3, the yield was 112.5 kg/ha (191%)
higher compared to untreated control.

The lowest percentage of head infection and the highest yield were re-

corded in variant 3 in which the fungicide was applied with the nozzle type
ATR 8004.

Table 3. Average values of the yield depending on fungicide application technique

Variant Obtained yield per plot on 4m? (g) Calculated yield per hectare (kg/ha)
V1 2,305 5,762.5
V2 2,330 5,825
V3 2,350 5,875
V4 2,338.75 5,846.88
CONCLUSION

Adequate pesticide selection and a timely and proper application are sig-
nificant factors that need to be fulfilled to obtain efficient chemical plant
protection. According to the results, it can be concluded that application tech-
nique directly affected FHB incidence on wheat heads while it had an indirect
effect on yield by controlling disease incidence.
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YTHULAJ TUITA PACITPCKUBAYA HA EOUKACHOCT
OYHI'MIUAA 3A CY3BUJABE ©®Y3APUO3E KITACA TIIIEHULE

WUnnuxo P. IHTEPEI/IK1 ®Depenny O. BAI“I/I2 AneKcaH;[ap JL. CE,[[J'IAP2
3aropka H. CABUR?, CJ‘IaBI/IHaM BYKOBI/ITl , Bepa b. CTOJILIMH?,
Muna C. TPAXOBAIL?

! TlosbonpuBpeIHO-TEXHUUKH CPEIHONIKONCKH HeHTap ,,becenem Joxed*,
Kammxka 24420, Pennybmmka Cpouja
> VuusepsuteT y HoBom Caz[y, [ossonpuBpenan haxkymnTerT,
Tpr Jocuteja O6pamosuha 8, Hosu Can 21000, Pery6nuka Cp6uja

PE3UME: Yrunaju pyurunuaa y cy3zounjamy dy3apuose kiaca menune (FHB)
U MHAMPEKTHO Ha IPUHOC 3pHA POYYaBaHU Cy 3aBUCHO OJI IPUMEHE TEXHHUKE, OJTHOCHO
KopuIhema pa3IMYUTUX BPCTa paclpckuBada. 3a IPUMEHY CUCTEMUYHOT (hyHI MU
Duett Ultra (0.5 1/ha) xopumrhere cy pacnipckuauu tuna TJ 11004, Albuz ATR 8004
n Arag TFA 11004. MnTensuteru ¢py3apruose xinaca (%) y ICIUTHBAHUM BapHjaHTaMa,
y IPHPOHUM YCIIOBMMA 3apa3e Kilaca yTBP)EHH Cy Ha OCHOBY BU3YeIIHE oLeHe Opoja
3apa)CHUX KIIACOBA U IIOBPLIMHE Ca CUMITOMA OOJIECTH Ha M0jeAMHAYHNM KIIACOBUMA.
Taxobe je yTBpheH 1 yTnLaj TEXHUKE AIUIMKALM]je HA TPHHOC. Pasinke y mpuHocHMa
usMely TpeTUpaHuX BapujaHTH MehycoOHO, Kao 1 u3Mely TPETUPaHUX U HETPETHPAHUX
BapHjaHTH yTBpheHe Cy HaKOH py4He Bpluabe. Hajmamu nporeHar passoja gysapuose
KJ1aca IMIIeHHLE ¥ HajBehH MPUHOC 3pHA je OCTBAapeH Y BapujaHTH TAE je (GyHTULU IPU-
MemeH koputithemeM pacripckrBada ATR 8004. TexHuka 3a mpuMeHy (yHTHIIHIA UMa-
Ja je JUpeKTaH yTHIla] Ha cMamemne (y3apuos3e Kiaca MIIeHUIe U MHAUPEKTHO Ha
CMamemhe ryOuTKa IpruHoca 3pHa.

KJbYUHE PEYM: nmenuna, ¢py3aprosa kiaca, QyHTHIHI, TEXHUKA alTUKaI]e,
TIPHHOC
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RESISTANCE OF EARLY MATURITY MAIZE
GENOTYPES TO SOUTHERN CORN LEAF BLIGHT

ABSTRACT: In order to study the resistance of early maize genotypes to Southern
Corn Leaf Blight (SCLB) or Maydis Leaf Blight (MLB), RCBD experiments with 20 inbred
lines and hybrids in 2014 and 16 genotypes in 2015 were conducted at Karaj and Sari Stations.
Inoculation was carried out with spore suspension using syringe (3ml/each whorl) firstly at
3—4 leaf stage of maize, and then, sorghum grain inoculated with fungus was applied at 6—8
leaf stage in whorl of each plant using the bazooka technique. Evaluation was done on the
basis of disease progress at pollination stage and two weeks after pollination stage with scale
0-5. The results of variance analysis and mean comparison showed that there are different
reactions among genotypes to disease. In this study, in 2014, 15% genotypes categorized into
resistant group, and these were genotypes: KE 77003/10 x KE 75039, KE 72012/12 x K1263/1
(KSC 400), and K 2331 x KE 75039. Among 16 genotypes in 2015, three hybrids — No. 16
with pedigree (KE 76009/311x K 1264/5-1), No. 10 with pedigree (K 2331 x KE 75039) and
No. 9 with pedigree KSC 400 (KE 72012/12 x K1263/1) — were identified as resistant hybrids
that can be a good source of resistance to SCLB.

KEYWORDS: Maize, resistance, leaf disease, Bipolaris maydis

INTRODUCTION

One of the most important maize diseases, Helminthosporium leaf spot,
exists around the world, as well as in Mazandaran, Gilan and Golestan wetlands
in Iran (Mehrian et al. 2000). Leaf spot diseases affect the reduction of grain
yield and nutritional value of forage. Yield losses due to the disease, leaf spot
of maize, depending on operating and environmental conditions can be sub-
stantial, in this case the yield reduction of 40% or more in tests with strain O
inoculation was reported (Fisher et al. 1976; Byrnes et al. 1989). Two species
of leaf spot, Bipolaris maydis and Exserohilum turcicum, were noted to make
a major damage to the crop (Shurtleff, 1980). Symptoms causes by B. maydis
are like small, diamond-shaped spots, which then grow to over 2 cm in diameter.
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Their growth is limited to surrounding leaf veins. In the cases where the infec-
tion is severe, the patches can be integrated and cause a wide area of leaf blight.
The first epidemics and large damages caused by this pathogen in maize produc-
tion were recorded in the 1970s in North America. Seed maize production mainly
on the basis of cytoplasmic sterility T-type, the occurrence of a new race T, which
is specific to the genotypes with the cms-T cytoplasm, and favorable climatic
conditions were the causes of these epidemics. However, after the removal of this
hybrid, the epidemic of race T in North America reached very low levels (Leonard,
1977). 1t is considered one of the most important seed-borne diseases of maize
that causes much damage to the plant products and is known by the name of
southern corn leaf blight — SCLB (White, 1999). SCLB disease is caused by
Ascomycetes fungal species named Cochiliobolus heterostrophus Drechs., an-
amorphic stage of B. maydis. The fungus has three races (O, C and T), but O
race is the most common race in most areas where SCLB occurs (White, 1999).
Temperature and humidity are the most important factors for the spread of the
disease (Shurtleff ez al. 1985). To control leaf spot disease, agronomic practices
such as rotation and elimination of infected plant debris could be used to prevent
the spread of disease, but using resistant cultivars is the most important way for
SCLB control. Regarding the resistance of cultivars to leaf spot disease, there
are several reports of polygenic resistance to E. turcicum and there is a high
genetic heritability for this type of resistance. Polygenic resistance has also been
reported to B. maydis. This resistance is quantitative and depends on the size of
the spot and correlates with the contaminated leaf tissue of the host. To develop
resistant varieties, disease outbreaks are important. In order to be more uniform,
the application of artificial infection can be effective and efficient method in
breeding programs for resistance to diseases. The most effective way to control
leaf spot disease is using genetically resistant hybrids (Carson et al. 2004). Some
researchers believe that incorporation of additive genes can control maize leaf
spot diseases (Burnette and White, 1985; Lim, 1975). In order to map the ge-
netic (QTL) for resistance to SCLB, Carson et al. 2004 showed that there is no
interaction Increase x increase in disease control and the results proved that the
heritability of resistance to SCLB is polygenic. In Iran, a few years ago, some
researches were carried out under natural conditions to evaluate the resistance
of inbred lines and hybrids of maize to SCLB. Zamani and Mehrian (2005), when
examining seventeen inbred lines and hybrids for the resistance to SCLB, deter-
mined inbred line K3547/212 as the most resistant and inbred line K3653/111 as
one of the most susceptible to the disease. They were also used for identification
and diagnosis of species by Sivanesan (1987) who pointed out that most of the
isolates were identified as B. maydis. Zamani and Choukan (2000) when evalu-
ating resistance of 60 hybrids to SCLB, genotype K1259 x Mol7 identified as a
hybrid resistant to this disease. SCLB has increased in recent years in many
areas of Iran including the northern regions Gorgan, Sari and Gilan. Therefore,
planting resistant varieties is the most economical way to control this leaf disease.
The main objectives are to identify resistant genotypes of early maturing maize,
as well as to use and apply the maize breeding program in the future.

322



MATERIALS AND METHODS

In order to inspect experimental farms and seed production in the various
parts of the northern regions Gorgan, Sari and Gilan, some infected leaf samples
of SCLB were collected in 2013.

Laboratory trials

Infected leaf samples were placed separately in plastic bags and after the
registration were transferred as soon as possible to laboratory conditions. Several
samples were selected on the basis of the spots number, as well as spot size and
the sporulation. Small pieces of each sample were cut from the margins of the
infected leaf tissue and in a 0.5% Clorox solution (undiluted Clorox solution
has a 5% of active chlorine) were surface sterilized, then washed with distilled
water, and placed on the PDA culture medium. After five days, grown colonies
of fungus were studied and a single spore or purification of the isolates was
carried out by valid key (Sivanesen, 1987). Pathogenicity of the fungal isolates
was tested on seedlings of a susceptible inbred line B73 to SCLB. Out of the
total number of tested isolates, five were highly virulent and were selected for
evaluating of genotypes resistance.

Field trials

To evaluate the response of inbred lines and hybrids of maize, 20 geno-
types of early maturing maize were cultivated in 2014 and 16 in 2015 in Karaj
and Sari in a randomized complete block design with three replications. Row
spacing of 75 cm and a length of each inbred line two meters at a distance of
25 cm was considered. All operations were done during the growing season and
the required records, such as germination, emergence of tassels and silks, were
taken. A mixture of five virulent isolates was used as inoculum for artificial
inoculation of maize leaf.

Different type of inoculums were prepared for plant inoculation in two
phenological stages of maize, one was spore suspension and second was sor-
ghum grain artificially inoculated. Spore suspension was prepared from culture
of isolates incubated on autoclaved maize leaves as substrate (Bajet and Renfro,
1994). Green leaves of maize, after washing with cold water, were crushed into
pieces of 5 cm to 10 cm and poured in Erlenmeyer flasks and autoclaved twice for
30 minutes in 24 hours. Sterilized maize leaves were inoculated with small PDA
plug of isolates and were incubated at 25 °C in dark for 3 weeks. After this period,
spores were collected by washing the leaves and spore suspension was ad-
justed to a concentration of 3 x 10* spores per ml. The second type of inoculum
was infected sorghum grain (Jeffers, 1994). After washing, sorghum grain was
poured into the flask and autoclaved two times. Then, fragments of grown
colony of each isolate were poured into the flask and incubated in the light
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germinator NUV at 25 °C. After 25-20 days, infected sorghum grain was dried
and used for leaf inoculation.

Plants were inoculated with the 1-2 ml of fungal spore suspension by
injection in the whorl of the 3—4 leaf stage of maize for the first time, and then
repeated in the 6—8 leaf stage of maize with inoculums of artificially infected
sorghum grain which was distributed in the plant whorl using bazooka technique.

Assessment

One month after the second inoculation or two weeks after pollination
stage of maize, disease assessment was carried out based on disease severity
in ten plants per replication. Based on the percentage of leaf surface infection,
disease severity was rated on a scale 0—5 (Elliott and Jenkins, 1946). Therefore,
0 — healthy plants with no infection (100% healthy plants and 0% infection),
1- plants with one or two scattered spots on the lower leaves (infection less or
equal to 5%), 2 — plants with a few spots on the lower leaves (infection less or
equal to 20%), 3 — plants with a lot of spots on the lower leaves and a few spots
on upper leaves (infection less or equal to 30%), 4 — plants with a lot of spots
on the lower and central leaves and a few spots on upper leaves (infection less
or equal to 50%), and 5 for the plant with a large number of necrotic spots over
entire leaves (infection more than 50%), were considered. Finally, after the eval-
uation and scoring, obtained data were analyzed for disease severity (SCLB),
and the response of all genotypes were compared in terms of susceptibility to
disease. The resistance to SCLB based on disease severity was determined as
follows: R (Resistant) — infection equal to or less than 5%, MR (Moderately
Resistant) — infection equal to or less 20%, MS (Moderately Susceptible) —
infection equal to or less 30%, S (Susceptible) — infection equal to or less 50%,
HS (Highly Susceptible) — infection more than 50%. Accordingly, all inbred
lines and hybrids were classified in different groups in order to be identified
resistant, moderately resistant and susceptible genotypes.

RESULTS

Based on analysis of variance, the disease severity affected by virulent
isolates of B. maydis showed that there is a significant difference among ex-
amined genotypes of maize to SCLB at 99% probability level (Table 1).

There is a significant difference at 99% probability for disease severity
(DS) among tested genotypes (Table 1). Meanwhile, the effect of the location
and interaction of genotype % location was s1gn1f1cant at 5% and 1% for the
disease severity, respectively. This indicates that disease severity in both locations
is not the same and there is a significant difference between regions. Therefore,
based on the response of early maturity maize genotypes to disease, they were
divided into four of five different groups, the results of which are shown in
Table 2.
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Table 1. Analysis of variance for disease severity (SCLB) of early maturity maize geno-
types in Karaj and Sari in 2014

(MS)
Leaf disease d.f (S.0V)
DS
0.507" 1 Location (L)
0.132 4 Error (E1)
2873 19 Genotype (A)
1.092° 19 (LA
0.164 76 Error (E2)
23.09% (%CV)

“and ™": Significant at 5% and 1% probability level, respectively

Table 2. Mean comparison of disease severity (SCLB) and response of early maturity
maize genotypes in Karaj and Sari in 2014

Response Mean of Disease Earlv Genotvpes No. of
P Severity (DS) Y yP genotype
S 3.2834 S 61 1.
R 0.767% K 2331 x KE 75039 2.
R 0.867° KE 77003/10 x KE 75039 3.
R 0.78338 KE 72012/12 x K1263/1 (KSC 400) 4,
MS 2.1834B K 1264/5-1 5.
MS 2.283AB K 615/1 6.
MS 246778 KE 78052/111 7.
MS 2.13348 KE 78052/111 x KE 75039 8.
MS 24678 KSC 260 9.
MS 2.600°P KSC 301 10.
MR 1.1178 K 615/1 x KE 75039 11.
MR 1.033"B KE 72012/12 12.
MR 1.48348 KE 75016/321 x K 1264/5-1(KSC350) 13.
MR 1.317AB KE 75039 14.
MR 1.917°B KE 76005/111 x K 1264/5-1(KSC290) 15.
MR 1.1678 KE 76009/114 x K 1264/5-1 16.
MR 1.900B KE 76009/211 x K 1264/5-1 17.
MR 1.983AB KE 76009/312 x K 1263/1(KSC380) 18.
MR 1.8334B KE 76009/312 x K 1264/5-1(KSC405) 19.
MR 1.4834B KE 78012/22 x KE 75039 20.

In this study, only one genotype (S 61) belonged to susceptible group (S)
(Table 2). Six genotypes belonged to moderately susceptible (MS) and ten to
moderately resistant group (MR). Among the 20 tested genotypes, hybrids No.
3, 4 and 2 with the pedigree KE 77003/10 x KE 75039, KE 72012/12 x K1263/1,
and K 2331 x KE 75039, belonged to resistant group (R), and could be a good
source of resistance to SCLB (Table 2).
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The obtained results in 2015 for resistance of 16 early maize genotypes
are shown in Tables 3 and 4.

Table 3. Analysis of variance for disease severity of early maturity maize genotypes in
Karaj and Sari in 2015

(MS)
Leaf disease d.f. (8.0V)
DS
1.404" 1 Location (L)
0.076 4 Error (E1)
48177 15 Genotype (A)
0.484" 15 (L x A)
0.162 60 Error (E2)
21.11% (%CV)

“and " Significant at 5% and 1% probability level, respectively

There is a significant difference for disease severity (DS) among tested
genotypes at 99% probability level (Table 3). Meanwhile, the effect of the re-
gions at 5% level and interaction of genotype x location at 1% level was sig-
nificant and highly significant for the disease severity, respectively. This indi-
cated that disease severity in both locations was not the same and there was a
significant difference between regions. Based on the response of early matu-
rity maize genotypes to disease, they were divided into five different groups,
the results of which are shown in Table 4.

Table 4. Mean comparison of disease severity and response of early maturity maize
genotypes in Karaj and Sari in 2015

Mean of Disease

Response Severity (DS) Early Genotypes No.
S 3.1008 KSC 301 1.
R 0.800¢ KE 72012/12 x K1263/1 (KSC 400) 2.
R 0.833¢ K 2331 x KE 75039 3.
R 0.966¢ KE 76009/311x K 1264/5-1 4,

MS 2.400P KSC 201 5.
MS 2.417¢ K615/1 6.
MS 2.367°P KSC260 7.
MS 2.317¢PE KE 78052/111 x KE 75039 8.
MR 1.800CPEF KSC 250 9.
MR 1.667%F OH 43/1-42 10.
MR 1.718PEF K1264/5-1 11.
MR 1.467C KE 72012/12 12.
MR 1.833CPEF KE 75039 13.
MR 1.26776 KE 78012/22 x KE 75039 14.
MR 1.317%6 K59 x K1263/1 15.
HS 4233 S61 16.
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In this study, only two genotypes were classified as a highly susceptible
(HS) or as a susceptible (S) to B. maydis (Table 4). These genotypes were inbred
lines S 61 and KSC 301, respectively. Four genotypes belonged to moderately
susceptible group (MS), where two inbred lines and two hybrids were classi-
fied. Seven genotypes belonged to moderately resistant group (MR) where four
inbred lines were classified (OH 43/1-42, K1264/5-1, KE 72012/12 and KE
75039) and two hybrids (KE 78012/22 x KE 75039 and K59 x K1263/1). Among
the 16 tested genotypes, hybrids No. 4, 3 and 2 with define pedigree, such as
KE 76009/311x K 1264/5-1, K 2331 x KE 75039, and KSC 400 (KE 72012/12
x K1263/1), respectively, were specified as resistant group (R) and could be a
good source of resistance to disease SCLB.

DISCUSSION

Study of the response of 20 genotypes of early maturing maize cultivated
in 2014 and 16 in 2015 (inbred lines and hybrids) to SCLB revealed that there
was a significant difference among tested genotypes at 1% probability level
(Tables 1 and 3). In general, the development of disease due to unfavorable
weather conditions (low temperature and % relative humidity) was not satisfac-
tory in 2014, so that the disease severity ranges from 0.76 to 3.28. However, in
2015, the development of disease was satisfactory so that the disease severity
varied from 0.8 to 4.23.

Most genotypes were medium resistant (45% in 2014 and 50% in 2015),
followed by medium-susceptible (23% in 2014 and 30% in 2015) and the smallest
number of genotypes were resistant (20% in both years). Based on necrotic
spots formed and score of 3—4 genotypes, S 61 and KSC 301 were classifies
as the most susceptible inbred line and hybrid, respectively. Resistant hybrid
combinations KE 77003/10 x KE 75039, KE 72012/12 x K1263/1 (KSC 400),
K 2331 x KE 75039, and KE 76009/311 x K 1264/5-1 were classified into resistant
group (R) and could be a good source of resistance to disease SCLB. It should
be noted that genotypes KE 2331 x K 76009 and KE 75039 / 311 x K 1264 / 5-1
expressed a high degree of resistance in both years.

Nowadays, extensive researches have been conducted in international
centers such as CIMMYT related to the screening of maize germplasm for the
resistance to the disease and several methods have been applied to infected
plants. In this study, two methods (injection of spore suspension — dropping
sorghum grains in whorl of plant), at two different stages of plant phenology,
were used and infection carried out uniformly. The advantage of the method
is that the structural properties of plant tissue are protected. Jeffers (1994)
pointed out the advantage of the use bazooka method compared to the applica-
tion of the spore suspension as inoculum. Using these methods, CIMMYT has
managed to achieve resistant populations to the disease like 21-22 population.
Bajet and Renfro (1994) noted that, based on the percentage of disease progression
in the leaves in bazooka method, the infection is more severe and the screening
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of materials for the disease is more uniform. Hooker (1978) reported that SCLB
caused by B. maydis has a polygenetic resistance and the resistance depends
on the percentage of infected leaf tissue. In this experiment, it was found that
if there is a larger number and size of spots the plant is more susceptible to the
disease. In our experiment, in inbred line K615/1 all the leaves at the bottom,
middle and top of the plant were highly infected and the spots were intercon-
nected in a wide area and created leaf blight. The results of Halseth et al. (1991)
for leaf spot disease using artificial inoculation during two seasons showed that
the additive effect was significant and the most important factor. In a trial, they
also concluded that there was mainly an additive effect in the response to the
disease (Thompson and Bergquist, 1984). They also reported that the resistance
to disease was controlled by recessive genes having additive effect. They also
reported that inbred line B73, after screening in seedling and adult stages for
the disease, was evaluated and specified as a susceptible inbred line. Carson
et al. (2004) stated that the inbred line B73 was susceptible to a number of leaf
spot pathogens, while the inbred line MOI17 had a high level of partial resistance
to leaf spot disease. They also reported that the control of leaf spot in many
hybrids was the result of some form of a polygenetic resistance and this kind
of resistance had mainly a moderate to high inheritance that could be easily
performed in breeding programs (Carson et al. 2004). In the evaluation of 60
maize hybrid combinations for resistance to SCLB B. maydis, Zamani and
Choukan (2000) applied bazooka method and identified K 1250 x MOI17 as re-
sistant genotypes. By carrying this experiment, it was confirmed that bazooka
method was a suitable inoculation method for developing infection in maize
and could be used in determination of susceptible and resistant hybrids and
inbred lines of maize. According to Bajet and Renfero (1994) by using natural
infection, percent of infection remained at a low level and extent of infection,
between 8% and 25%, while using artificial infection, especially by bazooka
method, it could be increased to 75% of infection and all plants were uniformly
infected. Therefore, it is recommended that this method could be applied in
the breeding programs to develop resistant genotypes to B. maydi.

CONCLUSION

It is clear that disease severity can be considered as a suitable and stable
index for evaluating the resistance of genotypes to B. maydis causing Southern
Corn Leaf Blight (SCLB), which our results demonstrated. In general, disease
development using this technique (bazooka technique) and its facility in ap-
plying in maize fields could be an accurate assessment for breeders to release
the best and most resistant hybrids and inbred lines for introducing to farmers.
Therefore, further investigations should be conducted to determine resistant
cultivars to Southern Corn Leaf Blight (SCLB) in Iran.
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OTIIOPHOCT 'EHOTUIIOBA PAHOTI' KYKVYPVY3A
HA JYKHY ITETABOCT JIUCTA

Manug 3AMAHU, Macyn MOXCEHU

! TlossonpHBpeTHU MHCTUTYT 3a HCTPAKUBAKSE, €IyKaIH]y U IPUMEHY 3HaHa y MPaKCH,
WHucTutyT 3a yHanpeleme cemena u Ousbaka,
Onesberbe 3a UCTPAKUBALE KYKYPy3a U KPMHOT OnJba,
Asennja MaxpamT 31585, Kapar, Pemmyonuka Mpan
% IenTap 3a MCTpPaXKHBaHE MOJHONPUBPEIHNX U TIPHPOIHUX PECypca,
[oxpajuna Mazannmapan, Capu, Penybnmka Hpan

CAXETAK: [la Ou ce ncrimrasia OTIOPHOCT TEHOTHIIOBA PAHOT KYKYpy3a Ha Jy)KHY
nerasoct jaucta (Southern Corn Leaf Blight — SCLB unu Maydis Leaf Blight - MLB),
excriepumenTH o RCBD metonu ca 20 naOpex nuHMja 1 xubpuaa y 2014. u 16 reHoTH-
noBa 'y 2015. rofiMHU CIIPOBEICHU Y MTOJbONIpUBPEIHUM cTannama y Kapany u Capujy.
WHokynaiiuja je u3Be/ieHa ca CycreH3ujom criopa nomohy mimpuna (3 Mi1/cBaku MpIbeH),
IIPBU YT KaJia je KyKypy3 Ouo y ¢pa3u 3—4 mucra, a 3aTUM Cy 3pHa CUpKa HHOKYJIHUpaHa
[JbMBUIIAMa HaHETa Ha KYKypy3 Yy ¢a3u 6—8 IMCTOBa y NMPIIJbEH CBaKe OMIbKE KOPH-
crehu Oasyka trexHuky. EBanyanuja je o0aBsbeHa Ha 0a3u HampenoBama O00JNECTH Yy
CTaJujyMy ONpaIlnBarka, Kao U JIBE HeJleJbe HAKOH (ha3e onpalinBama, kopucrtehu
ckainy 0-5. Pesynraru ananuse Bapujance u nopehema cpeimbux BpeIHOCTH MI0Ka3aIn
Cy Jla FTeHOTHIIOBH Pa3IMYUTO pearyjy Ha 6osiect. ¥ oBoj cTynuju, 15% renotunona y
2014. ronuHA 03HAUEHH CY Kao PE3UCTEHTHH, a TO ¢y ounu renotunosu: KE 77003/10 x
KE 75039, KE 72012/12 x K1263 / 1 (KSC 400) u K 2331 x KE 75039. Ox 16 renoTumno-
Bay 2015. roqunu, Tpu xubpuaa — Op. 16 ca nequrpeom (KE 76009/311 x K 1264 / 5-1),
6p. 10 ca megurpeom (K 2331 x KE 75039) u 6p. 9 ca nequrpeom KSC 400 (KE 72012
/12 x K1263 / 1) — unenTrdrKoBaHa Cy Ka0 OTIIOPHU XHOPUIH KOjU MOT'Y OUTH 100ap
M3BOP OTIIOPHOCTH HA jy’KHY IIETAaBOCT JIHCTA KYKypy3a.

KJbYUYHE PEYMU: xykypy3, OTHOPHOCT, OoJiecT JucTa, Bipolaris maydis
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Colletotrichum orbiculare ON WATERMELON:
IDENTIFICATION AND /N VITRO INHIBITION
BY ANTAGONISTIC FUNGI

ABSTRACT: Anthracnose caused by the fungus Colletotrichum orbiculare is one of
the most significant diseases of Cucurbitaceae. In Serbia watermelon fruits with typical
anthracnose lesions were collected during the year of 2015. Affected fruits showed sunken,
dark brown to black lesions with orange conidial masses produced in black acervuli. In an
attempt to identify the causal organism, small pieces of necrotic tissue were surface sterilized
and placed on potato dextrose agar (PDA). Macroscopic and microscopic morphologicaly
characteristics of three isolates were observed after growth on PDA for 7 days at 25 °C under
a 12 h light/dark cycle. Fungal colonies developed white, grey to black dense aerial mycelium.
Conidia were hyaline, aseptate, straight and cylindrical to clavate, 9-12.5 pm x 4-5.5 um.
Fungal isolates were also characterized by sequencing of the internal transcribed spacer
(ITS) rDNA region using ITS1F/ITS4 primers and -tubuline 2 gene using T1/Bt2b primers.
The nucleotide sequences were deposited in GenBank (ITS Acc. No. KT454386, KT454387
and KT454388; B-tubuline 2 gene Acc. No. KT581236, KT581237 and KT581238). BLAST
analysis of ITS and B-tubuline 2 gene sequences showed that our isolates were 100% identical
to other C. orbiculare in NCBI GenBank. Pathogenicity test was conducted on symptomless,
detached watermelon fruits. All tested isolates caused anthracnose lesions on watermelon
fruits after 10 days of incubation. Trichoderma harzianum (DSM 63059) and Gliocladium
roseum (DSM 62726) were evaluated in vitro for their antagonistic potential against C.
orbiculare. The results of this study identify 7. harzianum and G. roseum as promising
biological control agents (BCAs) for further testing against anthracnose disease on water-
melon fruits.

KEYWORDS: Colletotrichum orbiculare, watermelon, identification, antagonistic
fungi
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INTRODUCTION

Anthracnose caused by the fungi Colletotrichum orbiculare species complex
is one of the most significant diseases of cucumber (Cucumis sativus L.), melons
(Cucumis melo L.), pumpkin (Cucurbita pepo L.) and watermelon (Citrullus
lanatus (Thunb.) Matsum & Nakai). The disease is widespread under both green-
house and field cultivation and can occur on seedlings, leaves, petioles, stems
and fruits of Cucurbitaceae and other herbaceous host, belonging to the Aster-
aceae, Fabaceae and Malvaceae (Farr and Rossman, 2013). In Serbia, C. la-
genarium (synonym of C. orbiculare, von Arx, 1957) has been reported as
pathogen on several Cucurbitaceae (Spasi¢, 1963; Stojanovi¢ et al. 2002).

Differentiation between Colletotrichum species based on host range or
host of origin may not be a reliable criterion for fungi of this genus (Freeman
et al. 1998). The host plants of species of the C. orbiculare complex can be
attacked by other Colletotrichum species: C. melonis (C. acutatum complex),
C. karstii (C. boninense complex) and C. coccodes (Damm et al. 2012a; Liu
et al. 2013). However, due to their morphological variability, the ample range
of hosting crops and the wide variety of isolates are partially difficult to iden-
tify as Colletotrichum spp. by traditional taxonomic methods, which must be
complemented with molecular techniques and multilocus phylogenetic studies
(Whitelaw-Weckert et al. 2007; Cannon ef al. 2012; Damm et al. 2012a; Weir
et al. 2012). In a major taxonomic reorganization of 42 strains of C. orbiculare
and related species, Damm et al. (2013) identified 9 distinct clades within the
C. orbiculare species complex based on multilocus phylogenetic analysis (ITS,
GAPDH, CHS-1, HIS3, ACT, TUB-2 and GS). The results of analysis confirmed
the four species previously known as belonging to this species complex: C. /in-
demuthianum, C. malvarum, C. orbiculare and C. trifolli, and recognized four
new species from weeds: C. bidentis, C. sidae, C. spinosum and C. tebeestii.

Watermelon is susceptible to numerous plant pathogenic fungi. The main
concern is related to leaf blight (Alternaria cucumerina), gammy stem blight
(Didymella bryoniae), anthracnose (Colletotrichum lagenarium) and fusarium
wilt (Fusarium oxysporum f.sp. niveum) (Bulaji¢ et al. 2008). The occurrence
of anthracnose on watermelon fruits has been found in Serbia during several
last years. Economic losses caused by the disease are mainly attributed to lower
fruit quality and marketability.

Controls of anthracnose on watermelon are currently limited to the use
of cultural and chemical control methods. In search of alternatives, biological
control has emerged as a way of managing this disease. 7. harzianum and G.
roseum are the most common fungal biological control agents (BCAs) that
have been comprehensively researched and deployed throughout the world
(Janisiewicz and Korsten, 2002).

The objectives of the present study were: (a) identifying the species of
Colletotrichum causing the anthracnose on watermelon fruit using both classical
and molecular techniques, and (b) evaluate the antagonistic effect of 7. harzianum
and G. roseum against Colletotrichum spp. originated from watermelon fruits.
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MATERIAL AND METHODS
Isolates

Watermelon fruits with typical anthracnose lesions were collected during
2015 in the area of ASanja, Srem district. Symptoms on infected fruits appeared
as sunken, dark brown to black lesions with orange conidial masses produced
in black acervuli (Figure 1). Pieces of the diseased tissues were sterilized in
3% NaOCl for 3 min, followed by several rinses with sterile distilled water,
and placed on PDA in Petri plates at 25 °C for 5 days. Monoconidial cultures
were produced for each isolate and mainteined on PDA slants at 4 °C.

Pathogenicity test

Pathogenicity tests with three representative isolates (LC1, LC2 and LC3)
were conducted on mature and symptomless watermelon fruits. The fruits were
cleaned and surface sterilized with ethanol (70%). Mycelial PDA discs of 5 mm
were taken from a 14-day-old culture of each isolate and deposited on watermelon
fruits superficially wounded with a sterile scalpel. In control fruits, only PDA
disks without fungal mycelia were deposited onto wounds. The fruits were
then incubated in a plastic container at 25 °C and >95% relative humidity, and
examined for lesion development 10 days after inoculation. After 14 days,
spores from diseased fruits were aseptically transferred onto PDA plates, which
were incubated at 25 °C in darkness. The resultant cultures were checked for
colony and spore morphology to confirm Koch’s postulates.

Morphological identification

Macroscopic and microscopic morphology characteristics of three isolates
were observed after growth on PDA for 7 days at 25 °C under a 12 h light/dark
cycle. Appressoria were produced using a slide culture technique (Johnston and
Jones, 1997). Microscopic preparations were made in clear lactic acid. Length
and width were measured for 100 conidia and shape of characteristic structures
(conidiophores, conidia, setae, appressoria) was recorded using Olympus BX51
microscope.

Molecular identification

The selected isolates were transferred on PDA medium and allowed to
grow for 7 day at 25 °C. The isolation of DNA was performed with DNeasy
Plant Kit (Qiagen, Hilden, Germany), following the manufacturer’s instructions.
All isolates were identified at the species level using a molecular strategy based
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on sequences of the internal transcribed spacer (ITS) region of the ribosomal
DNA (rDNA) and partial sequences of the beta-tubulin 2 gene (TUB2).

The ITS and partial sequences of the TUB2 gene were amplified and
sequenced using the primer pairs ITS1-F (Gardes and Bruns, 1993) and ITS4
(White et al. 1990); T1 (O’Donnell and Cigelnik, 1997) and Bt-2b (Glass and
Donaldson, 1995). The PCRs were performed in a 2720 Thermal Cycler (Ap-
plied Biosystems, Foster City, California) in a total volume of 25 pl. The ITS
and TUB2 PCR mixture contained 12.5 pl 2 X PCR Master mix (K071, Fer-
mentas, Lithuania), 9 ul RNase-free water, 1.25 ul each of both forward and
reverse primers (100 pmol/ul, Metabion International, Deutschland) and 1 pl
template DNA. Amplification conditions of ITS gene constituted an initial
denaturation of 3 min at 94 °C followed by 35 cycles of 1 min denaturation at
94 °C, 1 min annealing at 50 °C, 1 min elongation at 72 °C and a final extension
of 10 min at 72 °C, while the TUB2 PCR was performed at an initial dena-
turation step of 5 min at 94 °C, followed by 40 cycles of 30 s at 94 °C, 30 s at
52 °C and 30 s at 72 °C, and a final extension step of 7 min at 72 °C.

Amplified products were analyzed by 1% agarose gel electrophoresis,
stained with Midori Green DNA Stain (Nippon Genetics) and visualized under
a UV transilluminator. Sequencing in both directions was performed on an
automated sequencer (ABI 3730XL Automatic Sequencer Macrogen, Korea).
Sequence generated in this study was subjected to a Megablast search analysis
at NCBI’s GenBank nucleotide database for sequence similarity. Sequence of
Serbian representative isolates (LC1, LC2, LC3) was aligned by using ClustalW
algorithm implemented in MEGAG6 (Tamura et al. 2013).

Alignment consisted of ITS and TUB2 sequences from all available iso-
lates of species of the Colletotrichum group with outgroup species. Gene regions
were aligned separately and concatenated into a single alignment. Sequences
were initially aligned using Clustal W algorithm (Thompson et al. 1994) and
manually adjusted in MEGAG6 (Tamura et al. 2013). Phylogenetic analyses were
constructed by the Neighbor-Joining (NJ) algorithm implemented in MEGA6
using 46 isolates of C. orbiculare and related Colletotrichum species and the
outgroup C. gloeosporioides (Table 1). Sequences from isolates LC1, LC2 and
LC3 were included in the analysis. The reliability of the obtained tree was
evaluated using the bootstrap method based on 1,000 replicates and bootstrap
values <50% were omitted.

Antagonistic activity in vitro

T. harzianum (DSM 63059) and G. roseum (DSM 62726), employed for
in vitro antagonistic activity were obtained from German Collection of Micro-
organisms and Cell Cultures (DSMZ). The assay was performed on PDA by
dual culture method. Plates inoculated only with three tested isolates served as
controls. After 10 days at 25 °C the percent growth inhibition (PGI) was calcu-
lated using the formula: PGI (%) =KR-R1/KR x 100, where KR is the colony
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diameter in control plate without antagonist, and R1 is the colony diameter in
treated plate (Skidmore and Dickinson, 1976). Hyphal interaction and morphology

were observed with Olympus BX51 microscope.

Table 1. Stains of Colletotrichum spp. with collection details and GenBank accessions.

Strains studied in this paper are in bold.

Taxoa Isolate name? Host Country GenBank sccessions
ITs TUBZ
C. bidersis COAD 1000, CPC 21930 Blders subaiterrars Brazil KF178451 KF178602
C. plovssparieldes DM 356578, CBS 112999, Clirus simensks Traly JOO05152 JLOs587
ICMP 17821, STE-U 4293
C. Imcfemuthicnmm CBS 52397, LARS 7928 FPharpolus coceinrus Costa Rica JH546815 JN346861
C. nderthiomm  CBS 52497, LARS 800 Phaeohs coccimrus CostaFiiea  JNS46816  TNS46862
C. ndemuthiconm CBS 57197, LARS 83 Phaseolus vdgaris Erasil 346818 D8
C. Itclemuthicnmm gﬂ ;d&.??, ATCC 36887, Phomeohs vulpars Europe 346817 TXI4e863
. [demuthicmom CHS 151,56, IJT 043364, Pheeolus vulgaris France THE48812 Ti4eRie
ATCC 12611, UCLAF 230
C. ndemuthiorum CB3 14331 FPhmeohs valgarks Cermany TH546808  TXI448M
C imderuthiorrm CBS 14431 Phaseolus vulgeris Germany JQUosTTe  JO0038E3
C. imdemuthiomum CBS 146,31 Pheeolus vulgaris Gennany THI46800  JHS4E855
C. Indemmthicomen CBS 14731 Phaeolus vulparis Germany TX546810 TN346g%6
C. Indemuthiomm  CBS 15028 Phaeolus vulparis Cermany puetl- i1l THI4E85T
C. ndiemuthicmm CBS 151.28 FPhareolus vulgaris Gemmany GUZI7T800  GU2E004
C. ibndiemuthicmm CBS 152.28 FPhaeolus vulgaris Netherlands  JX346813 JNIA6859
C Indemuthiconrm (B35 15328 Phaseolus vulgearis Netherlands  TNI46814  TNI4ER40
C. Iaclemiuthiconon CBS 130241, CIKY'1 Phazeols vulparls USA JHEAER19 JH546865
C Indemuthiarurm CBS 13157 Phaseols vulparis Usa TR546805  TXI46851
C. Infemuthiornom (B3 13157 Pheeohe vulperis Usa 346806 JN346832
C. Indymuthioraom CBS 13357 Phepeohe vulperls USA TN546807  TN(3468353
C. mafvarum CBS 52197, LARS 720, Lavd  Lovatera trimesiris K KF178480  KF1786010
€. mafvarum CBS 1234 Malvaceas wkncws KF17847%  KF178600
C. orblculara CBS 129432, USYD-2008-01 Bemmoaza kispida Anstralia EF178463 KF1785%0
C. orbiculare CB5 133194, KTU-H1 Cucumiz milo Japan KF17845%  KF178580
C. orbiculare CB3 133195, KTU-H2 Cucumiz milo Japan KF178460  KF178581
C. erbleulars CBS 133195 KTU.HS Cucimis mle Japan EF178461 KF178582
C. orbiculare CB3 133197, KTU-KS Cucumis melo Japan KF178468  KF17858%
C. orbteulare CB5 133198 KTU-K6 Curumis melo Japan KF178438  KF178379
C. erblculara CBS 57097, LARS 73 Cucumis sathus K KF178465 KF178387
C. orbiculore CBS 51497, 104.T, Cucumizs catius Japan JODOSTIE  JQO0SRA2
LARS 414
C. erdlculare CB517434 Clucaumis sativis Ketherlands  HF178462 KF178583
C. erbiculara CBS 171.59 Cucumis satihus Netherlands  KF175464 KF178335
C. orbieulare CBS 173,59, VI 203874 Cuacumls sathus Netherlands  BF178463  KF178584
C. grbleulars CBS 12224 Cueamis sothus K EF178467 KF178588
C. orbiculare CBS5 10717 unkmonn wlzews KF178465  KF178586
. orbiculars LCl Clerullus Lanarus Serbia KT454386  KTS5123%6
C. erbiculare LC2 Citrullus lamaney Serbia KT454357  KT51137
. arbiculars LC3 Citrullus lamatus Serbia KT454388  KT381238
C. zhdae CBS 504,97, LARS 78, Sida spimoza UsA KF178472  KF178303
ATCC 55395, WRRL 8056
C. shdae CBS 51597, LARS 629, Sida spinosa USA KF178471 KF178392
Cen-4
C. sidoe CBS 57897, LARS 825, Sida spinoza USA EF178471 KF178501
ATCC 56723, 3-1-1, Cen#
C. ipinosum CB3 113171, NI 368075, Nanthium 3pinosum Argentina KF178475  KF178396
STE-U 5296
C. zpinasum CBS 51597, LARS 465, Xemthim spimasum Australia KF178474  KF178595
DAR 48942
C. sebeestst CBS $22.97, LARS 733, Madva przilla Carnds KEF178473 KF1785%4
5343
C. rifolit CBS5 128534, ICMP 12934, Medicage tathve USA KF178476  KF178597
LARS 164, NES ANW
C. erifolit CBS 156.83, BBA 70709 Trifalram Usa KF178478  EKF178349
. erifalii CB3 L2583 uslmons wkaows KF178477  KF178598
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RESULTS AND DISCUSSION

The symptoms of watermelon fruits begin as small, sunken lesion that have
a water-soaked appearance, increase in diameter and coalesce, leaving a large
sunken soft area. The necrotic spots can expand and merge to cover the whole
affected area. The color of the infected part darkens. Orange conidial masses
may occur scattered or in concentric rings on the lesion (Figure 1).

All tested isolates caused anthracnose lesions on watermelon fruit after
10 to 14 days of incubation. No lesions developed on fruit inoculated with non
colonized PDA disk. Koch’s postulates were fulfilled by reisolation from in-
oculated watermelon fruits. Conidia shape, size, and colony morphology were
identical for the original and recovered isolates.

Macroscopic and microscopic morphology characteristics of isolates LC1,
LC2 and LC3 were uniform. Fungal colonies were dense aerial, initially white,
becoming gray and then turning black, as the cultures aged on PDA. Colony reverse
was gray to dark gray. The cultures developed black acervuli around the center
of the colony. Mycelia were branched, septate, and hyaline. Conidiophores and
setae formed directly from hyphae. Setae were brown, smooth-walled, 1-5 septate,
30—120 um long. Conidia were hyaline, aseptate, straight, cylindrical to clavate,
with one end round and the other truncate, 9-(10.5)-12.5 um x 4-(4.5)-5.5 um
(Figure 2). Appressoria were single, dark brown, smooth-walled, ovate or clavate,
5.5-(6)-7.5 pm x 4.5-(5.5)-6 um.

The morphological characteristics of our isolates are similar to those re-
ported by Damm et al. (2013). However, definitive identification of Colletotrichum
species based on morphology is difficult because isolates have overlapping ranges
of conidial and colony characteristics, and because variation in morphology is
accepted for isolates within a species (Sutton, 1992).

Figure 1. Anthracnose symptoms on watermelon fruit:
sunken necrotic lesion with orange conidial masses and black acervuli.
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Figure 2. Morphological characteristics of isolate LCI1: acervuli, setae and conidia
(x400).

PCR amplifications of the ITS and TUB2 gene gave a fragment of the
expected size (approximately 600 and 800 bp) and their sequences were used
for classification based on a BLAST analysis.

The sequence analysis of ITS region revealed that the Serbian isolates
LCI1, LC2 and LC3 (GenBank Accession No. KT454386, KT454387 and
KT454388) shared 100% identity with C. orbiculare isolate deposited in the
GenBank from South Korea (JX997422). BLAST analysis of the TUB2 se-
quences of the three Serbian C. orbiculare isolates LC1, LC2 and LC3 (GenBank
Accession No. KT581236, KT581237 and KT581238) shared the highest iden-
tities with 23 Indian C. orbiculare isolates (KP899039-61) from Citrullus lanatus
and two Japanese C. orbiculare isolates (JQ005862 and KF178579).

A neighbor-joining tree (Figure 4) of 46 Colletotrichum species and the
outgroup (C. gloeosporioides) was constructed based on combined alignment
of ITS and TUB2 genes. Phylogenetic analysis resulted in detection of three
main clades and 9 subclades within the C. orbiculare species complex. The first
main clade is formed by C. lindemuthianum strains and is well supported with
a bootstrap support of 99%. The second main lineage is represented by a single
strain of C. bidentis. The third main clade consists of six subclades: the clades
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representing C. trifolii and C. malvarum are well supported and grouped with
each other. A sister clade is formed by C. orbiculare containing the largest
number of strains with two smaller subclades representing C. sidae and C.
tebeestii as well as a single-clade representing C. spinosum.

The results of our study showed that, all of the three isolates obtained from
diseased tissues of watermelon in Serbia belonged to the C. orbiculare. Our
isolates, together with isolates from Japan, the UK and the Netherlands were
clustered in the branch of clade C. orbiculare, with high bootstrap support of
99%. The overall shape of the Colletotrichum reconstructed phylogenetic tree
was similar to those previously reported and phylogenetic analysis resulted in
the delineation of three main clades as determined by the most recent compre-
hensive study (Damm et al. 2013). Presently however, not all Colletotrichum
species and species complexes are sufficiently known from DNA sequence data
and some of them might have an intermediate position between C. orbiculare
and other species complexes (Damm et al. 2013). Different gene sequences of
Colletotrichum can be used for the detection of these taxa from Colletotrichum
at generic level and have been successfully applied in the characterization of
several Colletotrichum species.

Results from dual culture assay showed that 7 harzianum had signifi-
cantly greater inhibitory activity against C. orbiculare than the G. roseum in vitro.
T harzianum exhibited the strong antagonism against isolates LC1, LC2 and
LC3 with a high PGI value (69%, 67%, and 70% respectively). No distinct
inhibition zones were observed between antagonistic fungus and pathogens.
Major mechanisms involved in the antagonistic activity of Trichoderma spp.
were competition for space and nutrients, production of diffusible and/or vol-
atile antibiotics, and hydrolytic enzymes like chitinase and B-1,3-glucanase
(Howell, 2003). These hydrolytic enzymes partially degrade the pathogen cell
wall and lead to its parasitization (Kubicek ez al. 2001). Microscopic examina-
tion revealed that antagonist caused a wide spectrum of mycelial malformation
of all tested C. orbiculare: abnormal stunted, highly branched hyphal tips,
swollen hyphae and the vacuolar appearance of the mycelium of pathogenic
fungi. Similar results were reported by Gupta et al. (1995), Howell (2003) and
Begum et al. (2008).

G. roseum presented a moderate antifungal effect in vitro on isolates of
C. orbiculare, LC1 (40%), LC2 (35%) and LC3 (38%). After 10 days of incubation
a very weak inhibition zones were observed between G. roseum and all tested
pathogens (2-3 mm). In these study hyphae of G. roseum were never observed
to overlap the colony of C. orbiculare. In all cases isolates of Colletotrichum
stopped growing before direct contact was made, presumable in response to
diffusible inhibitors released by the antagonist. These results were similar to
the results revealed by Lee and Wu (1984).
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Figure 3. Neighbour-Joining tree based on analysis of combined alignment of ITS
and TUB2 genes containing for 46 isolates of Colletotrichum species. Colletotrichum
gloeosporioides CBS 112999 is used as outgroup. Bootstrap analysis was performed

with 1,000 replicates and bootstrap values (>50%) are shown next to relevant branches.
The Serbian Colletotrichum isolates are bolded.
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Figure 4. Antagonistic activity of 7. harzianum against C. orbiculare — isolate LCI.

CONCLUSION

Identification of Colletotrichum spp. is a fundamental criterion in the
development of more efficient control measures. In the present study all of the
three isolates of Colletottrichum spp. from watermelon fruits were morpho-
logically identified as C. orbiculare and species identification was confirmed
by PCR and sequencing. To our knowledge, this is the first molecular and
phylogenetic analysis of C. orbiculare in Serbia. The results of antagonistic
activity in vitro identify T. harzianum and G. roseum as promising BCAs for
further testing against anthracnose disease on watermelon fruits.
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Colletotrichum orbiculare CA TYBEHULE: UIEHTUOUKALIUIA U
IN VITRO UHXUBUIINJA TJTbBMBAMA AHTATOHUCTHUMA

Ceetnana T. JKUBKOBUR', Credan C. CTOILLIWR?, Munout Jb. CTEBAHOBHR!,
Kartapuna M. TAIINR', lopan A. AJIEKCUR!', iBan 5. BYUYPOBUR',
Jaunujena T. PACTUR!

"MucTuTyT 3a 3aIITUTY GMJba M )KUBOTHY CPEJIUHY,
Teomopa [pajzepa 9, beorpan 11000, Pemryonuka Cpouja
2 Crunenaucta MUHHMCTApCTBA NPOCBETE, HAYKE M TEXHOJIOLIKOT pa3Boja
Penry6nuke CpOuje,
Beorpan 11000, Pennyonauka Cpouja

PE3UME: AnTpakno3a npoy3pokosa Ha ribuBoM Colletotrichum orbiculare jen-
Ha je O]l Haj3HauajHUjuX OosiecTr Ha Ousbkama pona Cucurbitaceae. Y CpOuju cy TOKOM
2015. ronuHe MPUKYTIBEHH TUIOJJOBH JIYOSHUIIE C THITMYHUM aHTPAKHO3HHM JIe3HjaMa.
WHbwuipaHu miog0Bu Cy ca yIerHyTHM, TaMHO OpaoH JI0 [PHHUM Jie3hjaMa i MacoM
HapaHIIACTUX KOHWU/IM]ja U3 allepByia. Y HUJby HAeHTH(UKAIU]e TIPoy3poKoBaya Ooie-
CTH, C HEKPOTHYHOT TKHBA y3€TH Cy ()parMeHTH, IOBPIIMHCKU CTEPUITHCAHH U 3aCCjaHH
Ha KpoMnup aekctposnu arap (KJ{A). Makpockorcke 1 MUKPOCKOIICKE MOP(OJIOLIKe
KapaKTEpUCTHKE TPU H307IaTa POy aBaHa Cy HAKOH Ce/laM aHa MHKYOanuje Ha Temre-
parypu o 25 °C y ycnoBuma 12" cetio/mpak. [brBe popmupajy KooHuje Oere, CuBe
JI0 LIpHE 00je ca IrycToM, Ba3lylacToM MulelinjoM. KoHuInje Cy XujaInHCKe, HECeTH-
paHe, mpaBe, IMJIMHAPUYHE 10 00JIMKa najuie, Bennunae 9—12,5 um x 4-5.5 um.
KapakTepuzamnuja n3omnara odaBibeHa je cekBennupameM [ TS rDNA pernona xopu-
mhewem npajmepa ITS1F/ITS4 u B-tubulin 2 rena momohy T1/Bt2b npajmepa. Hykieo-
TUAHE cekBeHIle cy nernonoBane y NCBI 6anky rena (ITS Acc. No. KT454386, KT454387

342



u KT454388; - TyOynun 2 reH Acc. No. KT581236, KT581237 u KT581238). BLAST
aHanu3a cekseHuu ITS u B-tubulin 2 rena je mokasana na cy Hamu uzonatu 100%
unentuyau ¢ apyrum C. orbiculare Bpcrama u3 NCBI 6a3e. Tect matorenoctu je oda-
BJbCH Ha 0a0paHuM, 31paBUM ILI00BUMA TyOeHuIie. CBU HCIIUTUBAHU U30JIATH IIPO-
y3POKY]jy aHTPaKHO3HE JIe3Hje Ha TI0JOBUMA JyOCHHIIE, IeCeT JaHa HAKOH HHOKY-
nanuje. AHTaroHUCTUYKY NOTeHnuja ribuBa Trichoderma harzianum (DSM 63059)
u Gliocladium roseum (DSM 62726) ucnutuBad je in vitro npema n3onaruma C.
orbiculare. T. harzianum u G. roseum cy pe3yinTaTiMa OBUX UCTPAKNBamba UACHTU(DH-
KOBaHU Ka0 OMOJIOIIKH areHCH KOjU Ce MOTY YCIICIIIHO YKJBYUUTH Y Oyayha TecTuparma
y IuJsy cy30mjama aHTPaKHO3€E TUIO0BA JIyOCHHIIE.

KJBYYHE PEYU: Colletotrichum orbiculare, nybenuna, uaeHTruduKaIuja, ribuBe
AQHTarOHHUCTHU
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