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2 Uni ver sity of No vi Sad, Fa culty of Sci en ce
De part ment of Bi o logy and Eco logy,
Trg Do si te ja Ob ra do vi ća 3, No vi Sad 21000, Ser bia

AN TI O XI DANT PO TEN TIAL OF Cli no po di um ment hi fo li um,
Sa tu re ja mon ta na AND Sal via Scla rea

(La mi a ce ae) EX TRACTS

AB STRACT: Plants which be long to La mi a ce ae fa mily are good po ten tial so ur ces of 
na tu ral an ti o xi dants use ful for pre ven ting oxi da ti ve stress-re la ted di se a ses. The food in du stry 
is be co ming in cre a singly in te re sted in aro ma tic herbs, in clu ding plants from La mi a ce ae 
fa mily, be ca u se of the ir an ti-in flam ma tory pro per ti es and an ti o xi dant ac ti vi ti es, due to gro-
wing con su mer de mands for he althy fo ods of na tu ral ori gin. In the pre sent in ve sti ga tion, the 
com pa ra ti ve an ti o xi dant po ten tial of aqu e o us and ace to ne ex tracts of three La mi a ce ae spe-
ci es are de scri bed: Cli no po di um ment hi fo li um (Host), Sa tu re ja mon ta na L., and Sal via 
scla rea L., using three met hods: 2,2–azi no bis (3–ethyl–ben zot hi a zo li ne–6–sul fo nic acid) 
ra di cal (ABTS) sca ven ging, 1,1–Dip henyl–2–pi crylh ydrazyl ra di cal (DPPH) sca ven ging, 
and fer ric re du cing an ti o xi dant po wer (FRAP) as say and the ir cor re la ti ons with to tal phe-
no lic and fla vo noid con tents. An ti o xi dant ca pa city sho wed a po si ti ve re la ti on ship com pa ring 
three abo ve men ti o ned tests. An ti o xi dant ca pa city de tec ted by an ti o xi dant ABTS, DPPH, 
and FRAP as says was po si ti vely co r re la ted with to tal phe no lics con tent. Aqu e o us ex tract of 
C. ment hi fo li um sho wed gre a ter an ti o xi dant po ten tial. 

KEYWORDS: ABTS as say, Cli no po di um ment hi fo li um (Host), DPPH as say, FRAP 
va lue, Sal via scla rea L., Sa tu re ja mon ta na L.

IN TRO DUC TION

Plants or me di ci nal herbs may con tain a wi de va ri ety of mo le cu les which 
are rich in an ti o xi dant ac ti vity (Cai et al., 2004). The con cept of an ti o xi dant 
ca pa city de scri bes the abi lity of re dox mo le cu les to sca ven ge free ra di cals 
(Flo e gel et al., 2011), such as re ac ti ve oxygen spe ci es (ROS): su per o xi de ani ons 
(O2

–·), and hydroxyl (•OH) or hydro pe roxyl (HO2
•) ra di cals. The de fen si ve ef-

* Cor re spon ding aut hor. E-mail: jo va na.su cur @polj.ed u.rs 

Зборник Матице српске за природне науке / Matica Srpska J. Nat. Sci. Novi Sad,
№ 134, 9—18, 2018
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fects of a na tu ral an ti o xi dant are mostly re la ted to three ma jor gro ups: vi ta mins 
(ascor bic acid), phe no lic com po unds (e.g. phe no lic acids, fla vo no ids, qu i no nes, 
co u ma rins, lig nans, stil be nes, tan nins), and ca ro te no ids (Tha i pon ga et al., 2006; 
Hal li well, 1996). 

The plants cho sen for the pre sent study are flo we ring plants be lon ging to 
the fa mily La mi a ce ae, al so cal led the mint fa mily (Ra ja, 2012). The La mi a ce-
ae fa mily con sists of ap pro xi ma tely 200 ge ne ra and bet we en 3,200 and 6,500 
spe ci es with a co smo po li tan di stri bu tion, par ti cu larly well re pre sen ted in tro-
pi cal are as such as the Me di te r ra nean re gion (De rakhsha ni et al., 2012; Dor man 
et al., 2004). The ae rial parts of most aro ma tic plants be lon ging to fa mily La-
mi a ce ae are ad ded to fo ods for the ir or ga no lep tic pro per ti es (Dor man et al., 
2004). So me of La mi a ce ae spe ci es are used in folk phyto me di ci ne (Mat kow ski 
et al., 2008). Ca pec ka et al. (2005) re por ted that fresh and dried herbs of three 
La mi a ce ae spe ci es (le mon balm, ore ga no, and pep per mint) are rich so ur ces of 
an ti o xi dants, pa r ti cu larly from the gro up of phe no lic com po unds. La mi a ce ae 
plants are good po ten tial so ur ces of na tu ral an ti o xi dants use ful for eit her pre-
ven tion or tre at ment of oxi da ti ve stress-re la ted di se a ses (Fi ru zi et al., 2010). 
Be ca u se of the ir me di ci nal and an ti-in flam ma tory pro per ti es or an ti o xi dant 
ac ti vi ti es, the food in du stry is be co ming in cre a singly in te re sted in aro ma tic 
herbs due to gro wing con su mer de mands for he althy fo ods of na tu ral ori gin 
(Hos sain et al., 2010). 

One an ti o xi dant as say can not eva lu a te all types of an ti o xi dants pre sent 
in plant ex tracts (Aja ib et al., 2013). The re fo re, se ve ral dif fe rent as says ha ve 
been fre qu ently used to eva lu a te an ti o xi dant ca pa ci ti es in plants in clu ding 
2,2-azi no bis (3-ethyl-ben zot hi a zo li ne-6-sul fo nic acid) (ABTS), 2,2-dip henyl-
1-pi crylh ydrazyl (DPPH), fer ric re du cing an ti o xi dant po wer (FRAP) and the 
oxygen ra di cal ab sorp tion ca pa city (ORAC) (Tha i pon ga et al., 2006). In the 
pre sent in ve sti ga tion, the com pa ra ti ve an ti o xi dant po ten tial of aqu e o us and 
ace to ne ex tracts of three La mi a ce ae spe ci es are pre sen ted: Cli no po di um ment
hi fo li um (Host), Sa tu re ja mon ta na L., and Sal via scla rea L., using three met-
hods: 2,2-azi no bis (3-ethyl-ben zot hi a zo li ne-6-sul fo nic acid) ra di cal (ABTS) 
sca ven ging, 1,1-Dip henyl-2-pi crylh ydrazyl ra di cal (DPPH) sca ven ging, and 
fer ric re du cing an ti o xi dant po wer (FRAP) as say and the ir cor re la ti ons with 
to tal phe no lic and fla vo noid con tents.

MA TE RI ALS AND MET HODS

Plant ma te ri als

The wild, aro ma tic plants, Cli no po di um ment hi fo li um (Host) and Sa tu re
ja mon ta na L. we re col lec ted at lo ca lity ne ar the Adri a tic co ast in Mon te ne gro 
in May–Ju ne 2012. The ae rial parts of the flo we ring plant Sal via scla rea L. 
we re col lec ted in the so uth of Ser bia, in July 2012. Vo uc her spe ci mens of col-
lec ted plants we re num be red 2-1543, 2-1544 and 2-1545 (C. ment hi fo li um, S. 
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mon ta na, and S. scla rea, re spec ti vely) de po si ted in the He r ba ri um of The De-
part ment of Bi o logy and Eco logy, Fa culty of Sci en ce, Uni ver sity of No vi Sad. 
The ge o grap hi cal lo ca ti ons of the sam pling are as are gi ven in Ta ble 1.

Ta ble 1. Ge o grap hi cal lo ca tion of the sam ple are as

Sam ple Lon gi tu de La ti tu de Al ti tu de (m)
Cli no po di um ment hi fo li um 19.00.30,10 E 42.09.52,19 N 31
Sa tu re ja mon ta na 19.20.02,17 E 42.32.23,21 N 123
Sal via scla rea 21.53.09,23 E 42.22.40,44 N 494

Ex trac ti ons

The air-dried plant ma te ri als we re gro und in to pow der. The pow de red 
ma te ri als (0.2 g) we re ex trac ted with 70% ace to ne and dis til led wa ter (10 mL) 
by ma ce ra tion for 24 h in both sol vents, re spec ti vely. Af ter 24 h, the ex tracts 
we re fil te red thro ugh fil ter pa per and kept at 4 °C un til ap pli ca tion.

De ter mi na tion of to tal phe no lic and fla vo noid con tents

The to tal phe no lic con tent of C. ment hi fo li um, S. mon ta na, and S. scla rea 
ex tracts we re de ter mi ned ac cor ding to the Fo lin -Ci o cal teu met hod (Ha ger man 
et al., 2000). The 0.02 mL of ex tract, 3.36 mL of de i o ni zed wa ter, 0.4 mL of 
20% so di um car bo na te, and 0.2 mL of 33% Fo lin -Ci o cal teu re a gent we re mi-
xed using a Vor tex. The so lu tion was in cu ba ted at ro om tem pe ra tu re for 30 
min. The ab sor ban ce of the re ac tion mix tu re was me a su red at 720 nm using a 
spec trop ho to me ter (Ther mo Sci en ti fic Evo lu tion 220). The re sults are ex pres-
sed as mg gal lic acid equ i va lents/g dry we ight (mg GA equ i va lents g–1 d.w.).

The to tal fla vo no ids we re esti ma ted ac cor ding to the met hod de scri bed 
by Marc kam (1989). Ex tract (0.4 mL) was mi xed with 1 mL of de i o ni zed wa-
ter and 2.5 mL of 2% alu mi num chlo ri de he xahydra te so lu tion. Af ter in cu ba-
tion at ro om tem pe ra tu re for 15 min, the ab sor ban ce of the re ac tion mix tu re 
was me a su red at 430 nm. The da ta are ex pres sed as mg ru tin equ i va lents/g dry 
we ight (mg ru tin equ i va lents g–1 d.w.).

An ti o xi dant ac ti vity de ter mi na ti ons

For ABTS as say, the pro ce du re fol lo wed the met hod of Re et al. (1999) 
with so me mo di fi ca ti ons. The stock so lu ti ons in clu ded 7.4 mM ABTS·+ so lu-
tion and 2.6 mM po tas si um per sul fa te so lu tion. The wor king so lu tion was 
pre pa red by mi xing the two stock so lu ti ons in equ al qu an ti ti es for 12 h in the 
dark. The 0.1 mL of ex tract was mi xed with 2 mL of the ABTS·+ so lu tion. Af-



ter in cu ba tion at ro om tem pe ra tu re for 2 h in a dark con di tion, the ab sor ban ce 
of the re ac tion mix tu re was me a su red at 734 nm. Re sults are ex pres sed in mg 
tro lox equ i va lents/g dry we ight (mg TE g–1 d.w.).

The DPPH as say was do ne ac cor ding to the met hod of Lee et al. (1998). 
The DPPH so lu tion was pre pa red by dis sol ving DPPH with 70% ace to ne. The 
0.01 mL was mi xed with 3 mL DPPH so lu tion using a Vor tex. The so lu tion 
was in cu ba ted at ro om tem pe ra tu re for 30 min. The ab sor ban ce of the re ac tion 
mix tu re was me a su red at 517 nm. Re sults are ex pres sed in mg tro lox equ i va-
lents/g dry we ight (mg TE g–1 d.w.).

The FRAP as say was do ne ac cor ding to Ben zie and Strain (1999) with 
so me mo di fi ca ti ons. The stock so lu ti ons in clu ded 300mM ace ta te buf fer (pH 
3.6), 10mM TPTZ (2, 4, 6-tripyridyl-s-tri a zi ne) so lu tion in 40 mM HCl, and 
20 mM FeCl3x6H2O so lu tion. The fresh wor king so lu tion was pre pa red by 
mi xing ace ta te buf fer, TPTZ so lu tion, and FeCl3x6H2O so lu tion in the ra tio 10 
: 1 : 1. The 0.05 mL of ex tract was mi xed with 3 mL of the FRAP so lu tion. 
The ab sor ban ce of the re ac tion mix tu re was me a su red at 593 nm. Re sults are 
ex pres sed in mg tro lox equ i va lents/g dry we ight (mg TE g–1 d.w.).

Sta ti sti cal analysis

Each an ti o xi dant ac ti vity as say was do ne three ti mes from the sa me ex-
tract in or der to de ter mi ne the ir re pro du ci bi lity. Analysis of va ri an ce was used 
to test any dif fe ren ce in an ti o xi dant ac ti vi ti es re sul ting from the se met hods. 
Cor re la ti ons among da ta ob ta i ned we re analyzed using STA TI STI CA for Win-
dows ver sion 11.0.

RE SULTS AND DI SCUS SION

Very im por tant plant con sti tu ents, plant phe no lics, are aro ma tic me ta bo-
li tes that pos sess one or mo re phe no lic hydroxyl gro ups.  They ap pe ar to ser ve 
a va ri ety of es sen tial physi o lo gi cal fun cti ons li ke scre e ning high le vels of vi-
si ble and UV light (Smir nof, 2005) and de fend plants from in fec tion and in jury 
(Ćet ko vić et al., 2007). Al so, phe no lics ha ve an im por tant ro le in ge ne ral pro-
tec tion aga inst oxi da ti ve stress (Smir nof, 2005) ac ting as hydro gen-do na ting 
an ti o xi dants with re ac ti ve oxygen and re ac ti ve ni tro gen spe ci es (Pe re i ra et al., 
2009), inac ti va ting free ra di cals or pre ven ting de com po si tion of hydro pe ro xi-
des in to free ra di cals (Ćet ko vić et al., 2007). Thus, the phe no lic con tent of 
plants is cor re la ted with the ir an ti o xi dant ac ti vity (Aja ib et al., 2013).

The con tent of to tal phe no lics and to tal fla vo no ids in ace to ne ex tracts of 
three La mi a ce ae spe ci es C. ment hi fo li um, S. mon ta na, and S. scla rea are gi ven 
in Ta ble 2. The to tal phe no lic con tent of the ace to ne ex tracts was 61.58 ± 2.26 
mg gal lic acid equ i va lents/g dry we ight for C. ment hi fo li um, 53.97 ± 3.90 mg 
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gal lic acid equ i va lents/g dry we ight for S. mon ta na and 21.20 ± 0.49 mg gal lic 
acid equ i va lents/g dry we ight for S. scla rea. The amo unt of to tal phe no lic con-
tent was sig ni fi cantly dif fe rent among C. ment hi fo li um, S. mon ta na, and S. 
scla rea ace to ne ex tracts, and the mi ni mum amo unt was ob ser ved in the S. 
scla rea ex tract. The to tal fla vo noid con tent was 7.25 ± 0.35 mg ru tin equ i va-
lents/g dry we ight for C. ment hi fo li um, 3.50 ± 0.09 mg ru tin equ i va lents/g dry 
we ight for S. mon ta na, 5.29 ± 0.11 mg ru tin equ i va lents/g dry we ight for S. 
scla rea. The to tal phe no lic and fla vo noid con tent de pends on ap plied ex trac-
ti on me ans. Ćet ko vić et al. (2007) fo und that the qu an tity of phe no lic com po-
unds was sig ni fi cantly hig her in ethyl ace ta te and n-bu ta nol S. mon ta na ex tracts 
than in ot her in ve sti ga ted ex tracts. Furt her mo re, Gϋlçin et al. (2004) fo und 
that ace to ne ex tract of S. scla rea had hig her to tal phe no lic com po unds than 
chlo ro fo rm ex tract.

Ta ble 2. To tal phe no lic and fla vo noid con tents of C. ment hi fo li um, S. mon ta na and S. 
scla rea ace to ne ex tracts

Plant s To tal phe no lic sa To tal fla vo no idsb

Cli no po di um ment hi fo li um 61.58 ± 2.26 7.25 ± 0.35

Sa tu re ja mon ta na 53.97 ± 3.90 3.50 ± 0.09

Sal via scla rea 21.20 ± 0.49 5.29 ± 0.11

The da ta are mean va lu es ± stan dard er ror. aTo tal phe no lics con tent ex pres sed in mg gal lic acid 
equ i va lents/g dry we ight. bTo tal fla vo no ids con tent ex pres sed in mg ru tin equ i va lents/g dry we ight.

In the pre sent study, the an ti o xi dant ac ti vity of C. ment hi fo li um, S. mon
ta na, and S. scla rea aqu e o us and ace to ne ex tracts was exa mi ned using DPPH, 
ABTS and FRAP tests. The DPPH test is ba sed on the re duc tion of the pur ple 
DPPH· ra di cal to DPPH-H, whe re as co lo ur chan ges from pur ple to yel low. The 
DPPH· ra di cal is wi dely used be ca u se of the ea se of the re ac tion (Ba ba and 
Ma lik 2015) and ra pid way to me a su re an ti o xi dant ac ti vity (Men sor et al., 
2001). The se cond one is ABTS·+ ra di cal which is a re la ti vely sta ble ra di cal 
and of ten pre fer red in the as ses sment of ra di cal sca ven ging ac ti vity (Ko le va 
et al., 2002). The ABTS test is ba sed on the ge ne ra tion of a blue/green ABTS·+ 
ra di cal that can be re du ced by an ti o xi dants. The FRAP as say is ba sed on the 
abi lity of an ti o xi dants to re du ce fer ric iron (Fe3+) to fer ro us iron (Fe2+).
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Ta ble 3. An ti o xi dant ac ti vity of C. ment hi fo li um, S. mon ta na and S. scla rea aqu e o us and 
ace to ne ex tracts

Extracts Cli no po di um
ment hi fo li um Sa tu re ja mon ta na Sal via scla re a 

ABTS
70 % ace to ne
dis til led wa ter

126.1 ± 1.55
219.4 ± 2.10

122.2 ± 0.75
91.10 ± 8.10

28.05 ± 2.85
14.90 ± 2.70

DPPH
70 % ace to ne
dis til led wa ter

40.35 ± 1.30
76.30 ± 4.50

37.05 ± 1.40
49.30 ± 1.90 19.75 ± 5.50

09.90 ± 2.80
FRAP
70 % ace to ne
dis til led wa ter

31.64 ± 3.60
82.13 ± 1.80

 
52.05 ± 0.75
48.55 ± 3.07

10.30 ± 1.05
11.38 ± 2.06

The da ta are mean va lu es ± stan dard er ror. The re sults are ex pres sed in mg tro lox equ i va lents/g 
dry we ight.

The an ti o xi dant ac ti vity of aqu e o us and ace to ne ex tracts of C. ment hi fo
li um, S. mon ta na, and S. scla rea is pre sen ted in Ta ble 3. The hig hest an ti o xi dant 
ca pa city sho wed C. ment hi fo li um aqu e o us ex tract (for DPPH as say: 76.30 ± 
4.50 mg tro lox equ i va lents/g dry we ight; for ABTS as say: 219.4 ± 2.10 mg tro-
lox equ i va lents/g dry we ight, and for FRAP as say: 82.13 ± 1.80 mg tro lox 
equ i va lents/g dry we ight, re spec ti vely). The lo west an ti o xi dant ca pa city sho wed 
S. scla rea aqu e o us ex tract (for DPPH as say: 9.90 ± 2.80 mg tro lox equ i va lents/g 
dry we ight; for ABTS as say: 14.90 ± 2.70 mg tro lox equ i va lents/g dry we ight, 
and for FRAP as say: 11.38 ± 2.06 mg tro lox equ i va lents/g dry we ight, re spec-
ti vely) and S. scla rea ace to ne ex tract (for DPPH as say: 19.75 ± 5.50 mg tro lox 
equ i va lents/g dry we ight; for ABTS as say: 28.05 ± 2.85 mg tro lox equ i va lents/g 
dry we ight, and for FRAP as say: 10.30 ± 1.05 mg tro lox equ i va lents/g dry we-
ight, re spec ti vely). It was no ti ced that plant ex tracts had dif fe rent an ti o xi dant 
ac ti vity thro ugh DPPH, ABTS and FRAP as says. The hig hest an ti o xi dant 
ef fect sho wed C. ment hi fo li um aqu e o us ex tract. By exa mi ning the an ti o xi dant 
po ten tial of aqu e o us and ace to ne ex tracts of C. ment hi fo li um thro ugh all tests, 
hig her an ti o xi dant ac ti vity sho wed mo re po lar ex tracts. The se fin dings are in 
agre e ment with ear li er stu di es which re por ted that mo re po lar par ti ti ons had 
hig her an ti o xi dant ac ti vity in con trast to the less po lar ha ving lo wer an ti o xi dant 
ac ti vity (Men sor et al., 2001). Mi li a u skas et al. (2004) fo und that ethyl ace ta te 
and ace to ne ex tracts of se ven in ve sti ga ted plants we re less ef fec ti ve DPPH· 
ra di cal sca ven gers com pa red to met ha no lic ex tract. 

In the ca se of plant S. mon ta na the de gree of ne u tra li za tion ABTS·+ and 
DPPH· ra di cals de pends on the ap plied ex trac ti on me ans. The hig her ef fect in 
the ne u tra li za tion of ABTS·+ ra di cals sho wed ace to ne ex tract, whi le aqu e o us 
ex tract was bet ter in the ne u tra li za tion of DPPH· ra di cals. Ko le va et al. (2002) 
sug ge sted that the ac ti vity of plant ex tracts is in flu en ced by the ori gin of the 
plant sam ple but not by the po la rity.
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Ta ble 4. Cor re la tion bet we en an ti o xi dant ca pa ci ti es me a su red by DPPH, ABTS and FRAP 
as say and to tal phe no lic and fla vo no ids con tent.

Correlated
parameters DPPH ABTS FRAP Phe no lics Fla vo no ids

DPPH 1 0.943* 0.948* 0.987* 0.494
ABTS 0.943* 1 0.934* 0.963* 0.603
FRAP 0.948* 0.934* 1 0.950* 0.306
Phe no lics 0.987* 0.963* 0.950* 1 0.493
Fla vo no ids 0.494 0.603 0.306 0.493 1
*Cor re la tion is sig ni fi cant, p<0,050

It is shown in Ta ble 4 that sta ti sti cal analysis of the re sults esta blis hed a 
sig ni fi cant po si ti ve cor re la tion of an ti o xi dant ca pa city bet we en the an ti o xi dant 
as says. The cor re la ti ons ran ged bet we en 0.93 and 0.95.  High cor re la tion bet-
we en an ti o xi dant as says was fo und in ot her plants. Tha i pong et al. (2006) fo und 
high cor re la tion bet we en DPPH, ABTS, FRAP, and ORAC in gu a va. Du donné 
et al. (2009) re por ted a sig ni fi cant cor re la tion bet we en DPPH, ABTS, and 
FRAP as says in the 30 plant ex tracts. Furt her mo re, an ti o xi dant ca pa city was 
strongly po si ti vely cor re la ted with to tal phe no lics con tent (for DPPH: ρ = 0.987; 
p < 0.05; for ABTS: ρ = 0.963; p < 0.05; for FRAP: ρ = 0.950; p < 0.05, re spec-
ti vely). In this study, no sta ti sti cally sig ni fi cant cor re la tion was ob ser ved bet-
we en an ti o xi dant ac ti vity and to tal fla vo no ids con tent. Po or cor re la tion bet-
we en the con tent of fla vo no ids with an ti o xi dant ac ti vity po ints to the fact that 
ex tracts con tain anot her class of com po unds as do mi nant an ti o xi dants.

CON CLU SI ONS

By exa mi ning the an ti o xi dant po ten tial of aqu e o us and ace to ne ex tracts 
of S. mon ta na, C. ment hi fo li um, and S. scla rea by applying the abo ve men ti o-
ned tests, it can be con clu ded that mo re po lar ex tracts usu ally show gre a ter 
an ti o xi dant po ten tial (aqu e o us ex tract of C. ment hi fo li um sho wed hig her an ti-
o xi dant ac ti vity than ace to ne ex tract in all tests, aqu e o us ex tract of S. mon ta
na is of gre a ter ca pa city of the ne u tra li za tion of DPPH· ra di cals than ace to ne 
ex tract). The hig hest an ti o xi dant ef fect sho wed C. ment hi fo li um aqu e o us ex-
tract. The se two facts can be ex pla i ned by the hig her amo unt of po lar phe no lic 
com po nents that con tri bu te to the an ti o xi dant ac ti vity such as phe no lic acids, 
tan nins, and dif fe rent con tent of the se com po nents in the plants ex tracts.
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АН ТИ ОК СИ ДАНТ НИ ПО ТЕН ЦИ ЈАЛ ЕКС ТРА КА ТА БИ ЉА КА
Cli no po di um ment hi fo li um, Sa tu re ja mon ta na И Sal via scla rea (La mi a ce ae)

Јо ва на Т. ШУ ЋУР1, Де јан М. ПР ВУ ЛО ВИЋ1

Го ран Т. АНАЧ КОВ2, Ђор ђе Р. МА ЛЕН ЧИЋ1

1 Уни вер зи тет у Но вом Са ду, По љо при вред ни фа кул тет 
Трг До си те ја Об ра до ви ћа 8, Но ви Сад 21000, Ср би ја

2 Уни вер зи тет у Но вом Са ду, При род но-ма те ма тич ки фа кул тет 
Де парт ман за би о ло ги ју и еко ло ги ју 

Трг До си те ја Об ра до ви ћа 3, Но ви Сад 21000, Ср би ја

РЕ ЗИ МЕ: Биљ ке фа ми ли је La mi a ce ae су до бри из во ри при род них ан ти ок-
си да на са ко ји су ко ри сни за спре ча ва ње бо ле сти по ве за них са ок си да тив ним 
стре сом. Пре храм бе на ин ду стри ја је све ви ше за ин те ре со ва на за аро ма тич не 
биљ ке, укљу чу ју ћи биљ ке из по ро ди це La mi a ce ae, због њи хо вих ан ти ин фла ма-
тор них свој ста ва и ан ти ок си да тив них ак тив но сти. У овом ра ду ис пи тан је ан ти-
ок си да тив ни по тен ци јал во де них и аце тон ских екс трака та три биљ ке фа ми ли је 
La mi a ce ae: Cli no po di um ment hi fo li um (Host), Sa tu re ja mon ta na L. и Sal via scla rea 
L. по мо ћу три ме то де: ABTS, DPPH и FRAP, као и ко ре ла ци ја до би је них ре зул-
та та са са др жа јем укуп них фе но ла и фла во но и да. Нај ве ћу ак тив ност укла ња ња 



18

ра ди ка ла по ка зао је во де ни екс тракт биљ ке C. ment hi fo li um. Утвр ђе на је по зи тив-
на ко ре ла ци ја са са др жа јем укуп них фе но ла. 

КЉУЧ НЕ РЕ ЧИ: ABTS тест, Cli no po di um ment hi fo li um (Host), DPPH тест, 
FRAP вред ност, Sal via scla rea L., Sa tu re ja mon ta na L. 
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NON-NA TI VE AND IN VA SI VE TREE SPE CI ES –  
THE IR IM PACT ON BI O DI VER SITY LOSS

AB STRACT: The pa per gi ves an over vi ew of non-na ti ve and in va si ve tree spe ci es, 
and of fers the ba sic da ta abo ut the ir cur rent pre sen ce in Eu ro pean fo rests. It de als with de-
fi ni ti ons and clas si fi ca ti ons and ex pla ins how the se spe ci es can af fect new en vi ron ment with 
the emp ha sis on lo cal bi o di ver sity loss. The pro cess of in va sion is al so ex pla i ned, emp ha si-
zing that the re is a lag pha se in which a spe ci es do es not re veal its in va si ve ness, which can 
last even a few cen tu ri es (for cer tain spe ci es). That is why it is im por tant to mo ni tor non-na-
ti ve spe ci es and pre vent the ir furt her esta blis hment. In va si ve spe ci es are less li kely to de ve-
lop in ha bi tats with in ten se in ter-spe ci es com pe ti tion over a long pe riod of ti me, in un di stur-
bed are as with high bi o di ver sity, but al so in are as with the lack of nu tri ents, light and wa ter 
or in are as whe re the se re so ur ces are be ing he a vily ex plo i ted by lo cal plant com mu ni ti es. 

KEYWORDS: bi o di ver sity, in va si ve spe ci es, non-na ti ve spe ci es 

IN TRO DUC TION

Non-na ti ve plants spe ci es are be ing in tro du ced in to new are as for mul ti-
ple pur po ses, but so me of them be co me in va si ve and the re fo re re pre sent a 
se ri o us thre at to lo cal bi o di ver sity (Cam pag na ro et al., 2017). Fe a tu res that 
con tri bu te to a spe ci es tur ning in to in va si ve are ma inly morp ho-ana to mic and 
physi o lo gi cal fe a tu res: fast gro wing, early flo we ring, high qu a lity seed, se xu-
al polymorp hism, au to gamy, al lo gamy, etc. (Tu co vić et al., 2000). This pa per 
analyzes so me of the most im por tant to pics re la ted to this su bject, with the aim 
to pro vi de ap pro pri a te de fi ni ti ons and clas si fi ca tion of non-na ti ve and in va si-
ve spe ci es, de scrip tion of sta ges of in va sion pro cess, analysis of im pact that 
in va si ve spe ci es ha ve over the en vi ron ment and fac tors that can con tri bu te to 
re du cing in va si ve ness. 

* Cor re spon ding aut hor. E-mail: mi le nal @polj.un s.ac .rs  

Зборник Матице српске за природне науке / Matica Srpska J. Nat. Sci. Novi Sad,
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Nonna ti ve and in va si ve tre es in Eu ro pe 

Fo rests co ver 33% of Eu ro pe’s to tal land area and that is equ al to 215 mil-
lion hec ta res. In Eu ro pe, co ni fe ro us fo rests oc cupy 45%, bro a dle a ves fo rests 
36%, and mi xed-spe ci es fo rests 19% of to tal fo rest area (FAO, 2015). 

Ac cor ding to the da ta pro vi ded by Fo rest Eu ro pe (2015) ap pro xi ma tely 9 
mil lion hec ta res (4%) of fo rests in Eu ro pe are do mi na ted by non-na ti ve tree 
spe ci es. The re are as sump ti ons that ap pro xi ma tely 160 non-na ti ve tree spe ci es 
are grown in Eu ro pean fo rests, whi le 29 of them are li sted as in va si ve in at 
le ast one co un try. The Fe a tu res that con tri bu te a spe ci es tur ning se are: Ro bi
nia pse u do ac ca cia L., Ai lat hus al tis si ma (Mill.) Sw., Acer ne gun do L., Eu
calyptus sp., Fra xi nus pennsylva ni ca Mar shall, Pru nus se ro ti na Ehrh., Pse u
dot su ga men zi e sii (Mirb.) Fran co, etc. (Wohlge muth, 2015). 

In or der to ke ep track and con trol of non-na ti ve in va si ve spe ci es in Eu ro-
pe many pro grams ha ve been esta blis hed and the most com pre hen si ve one is 
DA I SE (De ri ving Alien In va si ve Spe ci es In ven to ri es for Eu ro pe). The main 
ob jec ti ves of DA I SE (2009) are: cre a ting an in ven tory of in va si ve spe ci es which 
thre a ten ter re strial and aqu a tic ecosystems; struc tu ring the in ven tory as a ba-
se for pre ven tion and con trol of bi o lo gi cal in va si ons; sum ma ri zing eco lo gi cal, 
eco no mic and he alth risk and im pact of do mi nant in va si ve plants and di stri-
bu ting the re sults ob ta i ned. 

Nonna ti ve and in va si ve spe ci es: de fi ni ti ons and clas si fi ca tion

Non-na ti ve spe ci es are the ones with the na tu ral oc cur ren ce out si de the 
ob ser ved area (Jo va no vić, 2007). Ac cor ding to the US DA (2003), non-na ti ve 
spe ci es are tho se that ha ve been “in tro du ced from anot her pla ce to exist among 
types of or ga nisms with which they we re not pre vi o usly fo und”. Ot her de fi ni-
tion sta tes that a non-na ti ve plant be longs to “plant ta xa in a gi ven area who se 
pre sen ce is due to in ten ti o nal or unin ten ti o nal hu man in vol ve ment” (Pyšek et 
al., 2004). The synonyms for non-na ti ve spe ci es are: “alien”, “non-in di ge no us” 
or “exo tic” spe ci es (Pro to po po va et al., 2006), and all the se terms can be fo und 
in the sci en ti fic li te ra tu re. 

Ba sed on the ti me of the ir in tro duc tion, non-na ti ve tre es in Eu ro pe are 
clas si fied as (Mosyakin and Yavor ska, 2003):

• ar cha e ophyte s – in tro du ced in pre-Co lum bian era, and
• neo phytes  – in tro du ced af ter 1492. 
Most of the tre es one can en co un ter in Eu ro pe no wa days be long to the 

ca te gory of neo phytes  (e.g. Thu ja oc ci den ta lis L., Qu er cus ru bra L., Ju glans 
ni gra L., Pse u dot su ga men zi e sii (Mirb.) Fran co, etc.). 

Ba sed on the re ports, 1/3 of in tro duc ti ons of non-na ti ve spe ci es in Eu ro-
pe was in ten ti o nal, whi le 2/3 hap pe ned unin ten ti o nally (Wohlge muth, 2015). 
Re a sons for in tro duc tion of non-na ti ve spe ci es we re nu me ro us: food so ur ce 
(e.g. Amygda lus com mu nis L.), wind and ero sion con trol (e.g. Ro bi nia pse u do
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a ca cia L.), or na men tal pro per ti es (e.g. Sa lix mat su da na Ko idz., Pa u low nia 
to men to sa (Thunb.) Steud.), etc. In ad di tion to that, non-na ti ve spe ci es can 
pro vi de ha bi tat, shel ter and food for na ti ve spe ci es (Schla ep fer et al., 2011) or 
can be in tro du ced be ca u se of high tim ber pro duc ti vity (Bran co et al., 2015). 

The most com pre hen si ve clas si fi ca tion of non-na ti ve spe ci es was pro po-
sed by Pyšek et al. (2004) and is pre sen ted in Fi gu re 1. 

Fi gu re 1. Clas si fi ca tion of non-na ti ve plants (Pyšek et al., 2004)

Pyšek et al. (2004) de fi ned each of the ca te go ri es as de scri bed in the fol-
lo wing text. Cul ti va ted plants – asi de from crops, fru it tre es and or na men tal 
plants, this term in vol ves fo rest tree plan ta ti ons such as hybrid po plars. Ca sual 
nonna ti ve plants are the ones which are able to grow or even re pro du ce out-
si de the cul ti va tion, but even tu ally die out. One exam ple of ca sual non-na ti ve 
tree is Pi nus stro bus L. in se ve ral Eu ro pean co un tri es. Na tu ra li zed plants are 
the ones who se en ti re li fe cycle can be esta blis hed out si de the na tu ral di stri-
bu tion ran ge and wit ho ut furt her hu man in ter ven tion (e.g. Cha ma ecypa ris 
law so ni a na (Mu rr.) Parl., Abi es gran dis (Do u glas ex D. Don) Lindl.). Tran
sfor mers are highly com pe ti ti ve plants with a broad eco lo gi cal nic he and ca-
pa ble for se ve re mo di fi ca ti ons wit hin ecosystems, whi le we eds are si mi lar to 
them but with a smal ler tran sfor ming ca pa city. Both tran sfor mers and we eds 
can be eit her na ti ve or non-na ti ve spe ci es. 

Ac cor ding to the Con ven tion on Bi o lo gi cal Di ver sity – CBD (UN, 1992; 
Sec re ta ri at of the CBD, 2014) in va si ve spe ci es are de fi ned as the ones who se 
in tro duc tion and con se qu ent spread ca u se harm to the en vi ron ment, eco nomy 
or hu man he alth. In va si ve spe ci es can al so be de fi ned as a spe ci es “that has 
cha rac te ri stics that al low it to be co me both qu ickly esta blis hed and abun dant 
in new are as” (US DA, 2003). 

Even tho ugh the re is a well-known esti ma tion by Wil li am son and Fit ter 
(1996) sta ting that only 1% of non-na ti ve spe ci es even tu ally be co me in va si ve, 
the non-na ti ve spe ci es are mo re of ten seen as a tre at for the lo cal bi o di ver sity 

 
Non-native plants 

Cultivated Not cultivated 

Casual Naturalized 

Non-Invasive Invasive 

Not harmful Transformers Weeds 
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be ca u se of the ir in va si ve ness po ten tial (Mack et al., 2000; Muñoz-Vallés and 
Cam brollé, 2015). Fi gu re 2 pre sents the pos si ble in ter ac ti ons of both na ti ve and 
non-na ti ve spe ci es with the new en vi ron ment and de ter mi nes cor re spon ding 
in va si ve ness sta tus. 

Ini ti ally tran spor ted in to the area  
by hu mans 

NO YES 

Spre ads out in new ha bi tats and has ne ga ti ve 
im pact on spe ci es al ready pre sent 

NO na ti ve non-in va si ve
non-na ti ve

YES in va si ve na ti ve in va si ve 
non-na ti ve 

Fi gu re 2. Clas si fi ca tion of na ti ve and non-na ti ve spe ci es and the ir in va si ve ness
(Al pert et al., 2000)

Sta ges of the in va sion pro cess 

The in va sion pro cess con sists of two main pha ses (Müller-Schärer et al., 
2004): (1) ini tial in tro duc tion and esta blis hment, and (2) spread wit hin a new 
ha bi tat. Most of the in va si ve plants ma ke the ini tial in tro duc tion spre a ding as 
se eds, and the pha se of the esta blis hment me ans suc cessful sur vi val and re-
pro duc tion un til esta blis hing a self-su sta i ning po pu la tion. The pha se of spread 
in the new ha bi tat con sists of three sub-pha ses: (a) lag pha se du ring which the 
spe ci es are pre sent with the low den sity and are hardly no ti ce a ble, (b) pha se 
of ex plo si ve growth when the po pu la ti ons start to in cre a se ra pidly, and (c) pha
se of re ac hing ca rryin g ca pa city when the po pu la ti ons stop with the furt her 
spread. The de scri bed pha ses are il lu stra ted in Fi gu re 3.

 

Fi gu re 3. The sta ges of the in va sion pro cess (ISSG, 2005)
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It is im por tant to emp ha si ze that the du ra tion of the lag pha se is dif fe rent, 
for so me spe ci es it can last a few months and for ot hers – even de ca des or cen-
tu ri es. The re fo re, it is im por tant to pre vent a non-na ti ve spe ci es from esta blis-
hing, be ca u se low abun dan ce of a spe ci es at the mo ment do es not imply that 
it will not be co me in va si ve over ti me. 

Im pact of nonna ti ve spe ci es on the en vi ron ment 

Ta ble 1 pre sents an over vi ew of im pacts of non-na ti ve spe ci es on bi o di-
ver sity, ecosystem ser vi ces, hu man well-be ing, and eco nomy.

Ta ble 1. Im pact of non-na ti ve spe ci es (NNS) on the en vi ron ment (Eu ro pean En vi ron men-
tal Agency, 2012)

Im pact De scrip ti o n

Im pact of in va si ve NNS on bi o di ver sity

Com pe ti tion with lo cal spe ci e s

Ca u sing harm to lo cal spe ci es

Hybri di za tion with na ti ve spe ci es 

Mo difyin g ecosystem struc tu re and lo cal  
ha bi tat s

Im pact of in va si ve NNS on ecosystem ser vi ce s

In ter fe ring pro vi si o ning ser vi ces

In ter fe ring re gu la ting ser vi ces

In ter fe ring cul tu ral ser vi ce s

Im pact of in va si ve NNS on hu man well-be ing Im pac ting hu man he alth 

Im pact of in va si ve NNS on eco nomy  

Da ma ging in fra struc tu re

Da ma ging agri cul tu re

Da ma ging na tu ral lan dsca pes

Bri efly, it can be said that in tro duc tion and esta blis hment of non-na ti ve 
spe ci es af fect the lo cal bi o di ver sity in many dif fe rent ways. The se spe ci es can 
qu ickly be co me com pe ti ti ve and the re fo re might sup press na ti ve flo ra, ca u sing 
the loss of lo cal ha bi tats and mo di fi ca tion of ecosystem struc tu re. In va si ve 
non-na ti ve spe ci es af fect all three ca te go ri es of ecosystem ser vi ces de fi ned by 
Mil len ni um Ecosystem As ses sment (2003) and the se are: pro vi si o ning, re gu-
la ting, and cul tu ral ser vi ces. So me of the in va si ve non-na ti ve spe ci es can ca-
u se al ler gic re ac ti ons, and the re fo re that is one of the ir com mon thre ats for 
hu man he alth. Eco no mic con se qu en ces are re la ted to da ma ges non-na ti ve 
spe ci es ca u se to in fra struc tu re, agri cul tu ral pro duc tion, and na tu ral lan dsca pes. 
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Fac tors that re du ce in va si ve ness po ten tial of spe ci es

Fi gu re 4 shows the fac tors that re du ce the in va si ve ness po ten tial of the 
in va si ve spe ci es; they are re la ted to evo lu ti o nary hi story, dis tur ban ce, com mu-
nity struc tu re and stress, and ha ve a strong in ter ac tion with each ot her. 

Fi gu re 4. Fac tors that re du ce spe ci es’ in va si ve ness po ten tial
(Al pert et al., 2000, mo di fied)

Eva lu a tion hi story af fects the in va si ve ness suc cess in a fol lo wing way: if 
a ha bi tat had an in ten se com pe ti tion over evo lu ti o nary ti me, it is li kely that 
na ti ve spe ci es that re ma i ned ha ve a high com pe ti tion abi lity and are ca pa ble 
for out com pe ting po ten tial in va si ve ness. Com mu nity struc tu re is al so im por-
tant for re du cing in va si ve ness, e.g. mo re di ver se com mu ni ti es ex plo it re so ur ces 
mo re com ple tely and the re fo re di mi nish the ir ava i la bi lity to the in va si ve spe-
ci es. When it co mes to dis tur ban ce, it is im por tant to emp ha si ze that in va sion 
can ta ke pla ce in both dis tur bed and un di stur bed ha bi tats (Wi ser et al., 1998), 
but if the dis tur ban ce is pre sent it will usu ally in cre a se in va si ve ness. Stress is 
a fac tor that do es not fa vor both in va si ve and lo cal spe ci es and the main li mi-
ting fac tors are: lack of nu tri ents, wa ter and light, and ex tre me con di ti ons that 
might oc cur. 

CON CLU SION

Non-na ti ve tree spe ci es can be in tro du ced to the new en vi ron ment as: 
food so ur ce, ma te rial for applying bi o en gi ne e ring me a su res (ero sion con trol, 
wind con trol, phyto re me di a tion, etc.), fo re stry prac ti ce (when in tro du ced spe-
ci es are cha rac te ri zed by ra pid growth), but al so for the ir or na men tal fe a tu res 
(de co ra ti ve le a ves, flo wers, fru its, ex ten ded flo we ring pha se, etc.). So me of 
non-na ti ve spe ci es can be co me in va si ve in the new en vi ron ment, sup pres sing 
lo cal flo ra and co lo ni zing dif fe rent types of ha bi tats. 
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In Eu ro pe, 4% of fo rests are do mi na ted by non-na ti ve spe ci es, and the re 
are 29 of them re gi ste red as be ing in va si ve in at le ast one co un try. Among in-
va si ve spe ci es, ca te gory known as “tran sfor mers” is the most dan ge ro us thre-
at to lo cal bi o di ver sity be ca u se the se spe ci es ha ve a po ten tial to ma ke se ve re 
mo di fi ca tion wit hin an ecosystem. Tree spe ci es such as: Ro bi nia pse u do ac ca
cia L., Ai lat hus al tis si ma (Mill.) Sw., Acer ne gun do L., Fra xi nus pennsylva
ni ca Mar shall be long to tran sfor mers ca te gory and they are pre sent in al most 
en ti re Eu ro pe, in clu ding Ser bia (La za re vić et al., 2012). The ge ne ral re com-
men da tion for fu tu re lan dsca pe me a su res wo uld be to gi ve a pri o rity to na ti ve 
spe ci es and if the non-na ti ve spe ci es are be ing in tro du ced than ste ri le clo ne 
tre es wo uld be pre fer red, in or der to ex clu de furt her spread of spe ci es by seed 
dis per sal. 
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АЛОХ ТО НЕ И ИН ВА ЗИВ НЕ ВР СТЕ ДР ВЕ ЋА И ЊИ ХОВ УТИ ЦАЈ НА
ГУ БИ ТАК БИ О ДИ ВЕР ЗИ ТЕ ТА

Ми ле на Д. ЛА КИ ЋЕ ВИЋ, Еми на М. МЛА ДЕ НО ВИЋ

Уни вер зи тет у Но вом Са ду, По љо при вред ни фа кул тет 
Де парт ман за во ћар ство, ви но гра дар ство, хор ти кул ту ру и пеј за жну ар хи тек ту ру 

Трг До си те ја Об ра до ви ћа 8, Но ви Сад 21000, Ср би ја 

РЕ ЗИ МЕ: У ра ду је при ка зан пре глед у ве зи са алох то ним и ин ва зив ним 
вр ста ма др ве ћа, као и основ ни по да ци о њи хо вој за сту ље но сти у шу ма ма у Евро-
пи. Рад обез бе ђу је при каз де фи ни ци ја и кла си фи ка ци ја и об ја шња ва на ко ји 
на чин ове вр сте угро жа ва ју жи вот ну сре ди ну, по себ но ло кал ни би о ди вер зи тет. 
Из ме ђу оста лог, опи сан је и про цес осва ја ња ста ни шта и на гла ше но је да по сто-
ји фа за ми ро ва ња у ко јој вр сте не от кри ва ју свој ин ва зив ни ка рак тер, а ко ја, у 
из у зет ним слу ча је ви ма, мо же да тра је и не ко ли ко ве ко ва. Због то га је ва жно да 
се вр ши не пре кид но осма тра ње алох то них вр ста и спре чи њи хо во да ље ши ре ње. 
Ин ва зив не вр сте те же мо гу да осво је ста ни шта ко ја има ју раз ви је не од но се ком-
пе ти ци је из ме ђу вр ста то ком ду гог вре мен ског пе ри о да, за тим очу ва на ста ни шта 
са из ра же ном би о ло шком ра зно ли ко шћу, као и про сто ре на ко ји ма по сто ји не до-
ста так хран љи вих ма те ри ја, во де и све тло сти или про сто ре на ко ји ма ове ре сур-
се ско ро у пот пу но сти ис ко ри шћа ва ју ло кал не биљ не за јед ни це. 

КЉУЧ НЕ РЕ ЧИ: алох то не вр сте, ин ва зив не вр сте, би о ди вер зи тет 
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AFLA TO XIN M1 IN SER BIA: A SYSTE MA TIC RE VI EW  
OF OC CUR REN CE AND EX PO SU RE AS SES SMENT –

AN UP DA TE

AB STRACT: Milk is a highly nu tri ti o us di et for all age gro ups in clu ding YOPI (young, 
old, preg nant and im mu ne sup pres sed) pa ti ents, be ca u se it con ta ins nu me ro us im por tant 
nu tri ents such as pro te ins, vi ta mins, and mi ne rals. On the ot her hand, con ta mi na tion of milk 
is con si de red as one of the ma jor pu blic he alth pro blems, which ma inly ari ses due to afla to-
xin M1 (AFM1) con ta mi na tion, re cently re por ted in our re gion. Hen ce, the main ob jec ti ves 
of this study we re to eva lu a te the pre va len ce and pos si ble trends of AFM1 con ta mi na tion of 
milk and milk pro ducts re por ted bet we en 2007 and 2016 in Ser bia, and to com pa re col lec ted 
re sults with si mi lar re se arch in ne ig hbo ring co un tri es sin ce afla to xin cri sis has bro ken in 
or der to iden tify the pre di spo sing fac tors for AFM1 con ta mi na tion. In ad di tion, this pa per 
gi ves an eva lu a tion of po ten tial pu blic he alth risk due to con sump tion of AFM1 con ta mi na-
ted milk. 

KEYWORD: afla to xin M1, risk as ses sment, pu blic he alth

IN TRO DUC TION

Afla to xins (AFs) are se con dary me ta bo li tes pro du ced by dif fe rent fi la-
men to us fun gi (ma inly Asper gil lus spe ci es) and they are known to re pre sent 
se ri o us ha zard to the he alth of con su mers due to the ir mu ta ge nic, te ra to ge nic, 
car ci no ge nic, and im mu no sup pres si ve ef fects (Mi li ce vic et al., 2010). Afla to-
xin M1 is the most sig ni fi cant afla to xin in milk and da iry pro ducts. This com-
po und is the hydroxyla ted form of the afla to xin B1 (AFB1) and it is usu ally 
pre sent in milk and uri ne of mam mals af ter they ha ve fed on con ta mi na ted 
food or feed (Flor-Flo res et al., 2015). The amo unt of AFM1 ex cre ted in milk 
as a per cen ta ge of AFB1 is in ave ra ge 2.5%. This can vary from ani mal to 
ani mal and from se a son to se a son. The AFM1 is de tec ted in milk 12–24 h af-

* Cor re spon ding aut hor. E-mail: dra gan.mi li ce vic @in mes.rs 
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ter the first AFB1 in ge stion, re ac hing a high le vel af ter a few days. If the re is 
no furt her in ta ke of AFB1 thro ugh feed, the AFM1 con cen tra tion in milk dec-
re a ses to an un de tec ta ble le vel af ter 72 h (Bat ta co ne et al., 2012). 

In ci den ces of AFM1 in milk pro ducts ha ve been re por ted glo bally (Iq bal 
et al., 2015) with par ti cu lar at ten tion paid to Bal kan Pe nin su la be ca u se of the 
“afla to xin cri sis” (Torović, 2015; Po lo vin ski Hor va to vic et al., 2016; Mi li ce vic 
et al., 2017). Cur rently, ava i la ble re se ar ches de mon stra te that AFM1 can al so 
be pre sent in a wi de ran ge of milk-de ri ved or pro ducts con ta i ning milk, such 
as che e se, yogurt, cre am, and cho co la te (WHO, 2010; Škr bić et al., 2014), be-
ca u se of the sta bi lity of afla to xins du ring pro ces ses in vol ved in pre pa ra tion of 
the se com mo di ti es (Iq bal et al., 2015), and most com monly at hig her con cen-
tra ti ons than in milk (Mas hak et al., 2016). Afla to xins are one of the ma jor 
eti o lo gi cal fac tors in the de ve lop ment of he pa to cel lu lar car ci no ma (I ARC, 
2012), and mo re re cently as so ci a ti ons bet we en child hood afla to xin ex po su re 
and growth stun ting ha ve been re por ted (Gong et al., 2004). It has been cal cu-
la ted that abo ut 27% of the he pa to cel lu lar car ci no ma ca ses re por ted in So ut-
he ast Asia is afla to xin in du ced (Liu and Wu, 2010). AFs al so ca u se se ri o us 
ge ne tic da ma ges in clu ding ge ne mu ta tion, te ra to ge nic ef fects, ca u sing con ge-
ni tal mal for ma tion and, con se qu ently af fec ting nor mal growth in chil dren. 
Afla to xin M1 is abo ut eight-ti mes less to xic than AFB1 but the me ta bo li te 
car ci no ge nic and ani mal ex pe ri ments show that it is a po tent car ci no gen (Hsi-
eh et al., 1984). Ho we ver, be ca u se of the to xic and car ci no ge nic ef fects of 
AFM1, IARC of WHO re con si de red its car ci no ge nic ca te go ri za tion and chan-
ged it from Gro up 2B to Gro up 1 (I ARC, 2002).

For this re a son, and ta king in to ac co unt the sig ni fi can ce of milk and milk 
pro ducts in hu man di et (espe ci ally for chil dren), many pre ven ti ve me a su res 
ha ve been pro po sed in or der to stop AFB1 con ta mi na tion of fe eds for da iry 
cat tle, espe ci ally lac ta ting cows. Mo re o ver, the ma xi mum al lo wed le vels of 
AFM1 are strictly re gu la ted wor ldwi de (van Eg mond 2004). Food and Drug 
Ad mi ni stra tion from USA li mits the con cen tra tion of AFM1 in milk and pro-
ces sed milk pro ducts at 0.5μg/kg (FDA, 2005). Ho we ver, Eu ro pean Com mu nity 
Le gi sla tion is even mo re re stric ti ve and do es not al low AFM1 le vels in milk 
and in fant for mu la abo ve 0.050 and 0.025 μg/kg, re spec ti vely (EC, 2001, 2006) 
(Ta ble 1). In early 2013, ex ten si ve con trols of milk sam ples we re car ried out 
fol lo wing an in ci den ce of unu su ally ele va ted con cen tra ti ons of AFM1 in milk 
from da iry farms in Ser bia. The aim of this pa per is to syste ma ti cally re vi ew 
re se arch stu di es con duc ted on AFM1 con ta mi na tion of milk and da iry pro ducts 
bet we en se a sons of 2007 and 2016, and to in ve sti ga te its se a so nal va ri a tion 
du ring this pe riod. In ad di tion, the aut hors ha ve com pa red the ob ta i ned re sults 
with in ter na ti o nal stan dards in re la tion to per mis si ble li mits, as ses sed di e tary 
ex po su re to AFM1 and ma de risk cha rac te ri za tion of the se myco to xins re gar-
ding hu man he alth due to milk con sump tion in Ser bia, and fi nally ex tra po la ted 
the ob ta i ned re sults to con cen tra tion of AFB1 in the fe eds. Prac ti cal stra te gi es 
to pre vent AFs con ta mi na tion du ring food chain are al so gi ven.
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Ta ble 1. Re gu la tion on AFM1 in milk and milk pro ducts in dif fe rent co un tri es.

Co un try Fo od stuffs MRL (µg/kg)

EU. Isla mic Re pu blic. Ra w milk. he at-tre a ted milk and milk for the 
ma nu fac tu rer of milk-ba sed pro ducts 0.050

USA . CAC milk 0.50

Ser bi a 

Milk and milk pro ducts 0.501

Raw  milk. he at-tre a ted milk and milk for the
ma nu fac tu rer of milk-ba sed pro ducts

0.052

0.503

0.054

0.255

1 Of fi cial Bul le tin of the SRJ (5/1992); 2 Of fi cial Bul le tin of the Re pu blic of Ser bia (28/11); 
3 Of fi cial Bul le tin of the Re pu blic of Ser bia (20/13); 4 Of fi cial Bul le tin of the Re pu blic of Ser bia 
(29/14); 5 Of fi cial Bul le tin of the Re pu blic of Ser bia (84/15). CAC-Co dex Ali men ta ri us Com-
mis sion

Da ta so ur ces and se ar ches

A syste ma tic li te ra tu re re vi ew was con duc ted on the oc cur ren ce of AFM1 
in milk and da iry pro ducts in Ser bia and ne ig hbo ring co un tri es whe re afla to-
xin cri sis oc cur red. Stu di es we re con duc ted by se ar ching re le vant li te ra tu re 
da ta ba ses in clu ding Kob son and na ti o nal da ta ba ses pu blis hed in Ser bia sin ce 
2007. Se ve ral cri te ria we re used to se lect eli gi ble stu di es: aut hors, study pe riod, 
year of pu bli ca tion, and co un try/lo ca tion of the study, num ber of sam ples, study 
de sign, used met ho do logy, and as so ci a ted risk fac tors. 

Oc cur ren ce of AFM1 in milk

In many sci en ti fic re se ar ches has been re ve a led that ani mals and hu mans 
sha re risk of ex po su re to bi o lo gi cal and che mi cal to xic agents. The oc cur ren ce 
of AFM1 in milk and da iry pro ducts in Eu ro pe has been ma inly re por ted in 
Tur key, Fran ce, Italy, Spain, Gre e ce, and re cently in Cro a tia and Ser bia. Ac cor-
ding to the EF SA re port, the le vels and in ci den ce of AFM1 in milk and da iry 
pro ducts in Eu ro pe is less than in the co un tri es from ot her re gi ons, which may 
be the re sult of strict re gu la ti ons on the se myco to xins in feed and milk pro ducts, 
cor re la ted with good agri cul tu re and sto ra ge prac ti ces. In ci den ce of AFs in Eu-
ro pe did not po se a pu blic he alth con cern. Re gar ding pre vi o us stu di es in Ser bia, 
only a few pa pers sug ge sted that the in ci den ce of AF spe ci es or the pre sen ce of 
AFs in food and feed was at a very low le vel. Ba si cally, food ori gi na ting from 
tro pi cal and sub tro pi cal re gi ons has been su scep ti ble to afla to xin con ta mi na tion. 
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The first re port on the in ci den ce of the AFs in our re gion ca me from Slo ve nia 
in 2011, and then from the rest of the Bal kan co un tri es. In Ser bia, du ring 
2012/2013 the in ci den ce of afla to xin in corn, and con se qu ently in milk, had the 
cha rac te ri stics of an epi de mic. Se ve ral stu di es ha ve been con duc ted sin ce 2012.

No wa days, the in ci den ce and le vels of AF con ta mi na tion in ma i ze and milk 
are most com monly in ve sti ga ted in va ri o us in sti tu ti ons in Ser bia. But, no ne of 
work is do ne on the iden ti fi ca tion of fun gal spe ci es and the re la ti on ships or in ter-
ac ti ons among them, as well as the ir im pacts on myco to xin con ta mi na tion. This 
co uld be ex pla i ned by the fact that the iden ti fi ca tion of fun gal spe ci es is of ten 
com pli ca ted due to pro ces ses such as ge ne map ping re qu i ring ex pen si ve equ ip ment.

In this study, milk and milk pro ducts we re in ve sti ga ted for the pre sen ce 
of AFM1. The fre qu ency di stri bu tion of AFM1 con cen tra ti ons du ring the pe riod 
of in ve sti ga tion and re gu la ti ons on AFM1 in milk and milk pro ducts in dif fe rent 
co un tri es, and par ti cu larly in Ser bia sin ce the afla to xin cri sis, are pre sen ted in 
Ta bles 2 and 3. The re sults are pre sen ted chro no lo gi cally per year for each aut-
hor. Col lec ted re sults sho wed that the ele va ted in ci den ce of AFM1 in raw milk 
star ted in 2013 (Kos et al., 2014; Škr bić et al., 2014; Ste fa no vic et al., 2015), 
ma in ta i ning a high le vel thro ugh all se a son to 2016 (up to 95.4%), fol lo wed by 
high in ci den ce of raw milk sam ples that ex ce e ded the EU MRL va lue (0.05 μg/
kg) (Mi li ce vic et al., 2017/a). The re sults of the last study in di ca te that the in ci-
den ce of AFM1 in raw milk (80.7%) was smal ler com pa red to he at pro ces sed 
milk (90.6%), but in raw milk (31%) a hig her per cen ta ge of analyzed sam ples 
ex ce e ded the ma xi mum li mit for AFM1 per mit ted by the EU (0.05 µg/kg). 

Al so, re sults by month sho wed that the hig hest mean con cen tra ti ons of 
AFM1 was me a su red in De cem ber 2015 (0.137±0.18 μg/kg), whi le the hig hest 
con cen tra ti ons of AFM1 was me a su red in Oc to ber of the sa me year (1.26 μg/
kg). Ac cor ding to the re sults ob ta i ned (Ta ble 2), a sig ni fi cant se a so nal dif fe-
ren ce in the le vel of AFM1 in milk sam ples was ob ser ved du ring fo ur se a sons 
of sa me year. Re gar ding re gi o nal and se a so nal va ri a bi lity, the raw milk sam ples 
du ring cold and wet se a son sho wed hig her risk for AFM1 con ta mi na tion, which 
in di ca ted that se a so nal fac tors sho uld be con si de red for the con trol of afla to-
xins in raw milk. In this study, re se arch was par ti cu larly fo cu sed on the risk 
as ses sment of the AFM1, not only on the oc cur ren ce of AFM1. 

The oc cur ren ce and/or mean le vel of AFM1 con ta mi na tion in re se arch 
con duc ted by Mi li ce vic et al., (2017) is clo se to that ob ta i ned by Po lo vin ski-
Hor va to vic et al. (2009/a,b; 2016), Kos et al. (2014), Spi ric et al. (2015), Skr bic 
et al. (2014), To ro vic et al. (2015), To ma še vić et al. (2015), and Mi o ci no vic et 
al. (2017). The oc cur ren ce of AFM1 in raw milk was varying with se a sons. 
The per cen ta ge of raw milk sam ples col lec ted from 2013–2016 which ex ce e ded 
the EU le gal li mit we re 73.3% in 2013, 39.4% in 2014, 28.6% in 2015 and 13.9% 
in 2016, with mean le vels of con ta mi na tion du ring pe riod of in ve sti ga tion 34.4% 
(Jak sic et al., 2017). 

Si mi larly to the re sults of that in ve sti ga tion, the per cen ta ge of po si ti ve 
sam ples in many of the stu di es con duc ted in ne ig hbo ring co un tri es was high: 
Slo ve nia (Ja ko vac-Strajn et al., 2012), Cro a tia (Bi land zic et al., 2014a, 2015), 
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Bo snia and Her ze go vi na (Tan ko vic, 2015), and Ko so vo (Ra ma et al., 2015). 
On the ot her hand, with the ex cep ti on of a few ca ses (Bi land zic et al., 2014/b; 
Ra ma et al., 2015), the ob ser ved con cen tra ti ons of AFM1 we re re la ti vely low, 
as well as the per cen ta ge of sam ples with le vels of AFM1 abo ve the le gal li mit 
(0.05 μg/kg). So me of the pre vi o us re se ar ches from this re gion did not in di ca-
te the pos si bi lity of the high pre sen ce of AFM1 in milk (Po lo vin ski-Hor va to-
vic et al., 2009/a,b; Bi land zic et al., 2010; Ra ma et al., 2016; Di mi tri e ska-Stoj-
ko vic et al., 2016). Be fo re 2008, Asper gil lus spp. in grain oc cur red ra rely un der 
Ser bian cli ma te con di tion, but the very high tem pe ra tu res and ex tre me dro ught 
sin ce 2010 ca u sed A. fla vus to oc cur in epi de mic pro por ti ons (Le vić et al., 
2013). Ser bia has a lar gely agra rian eco nomy, and thus afla to xins con ta mi na-
tion of agri cul tu ral pro ducts has had a strong ne ga ti ve im pact on Ser bian tra-
de, espe ci ally with the EU and ne ig hbo ring co un tri es mar kets.

Ho we ver, the va ri a ti ons of AFM1 le vels in milk and da iry pro ducts in 
stu di es men ti o ned abo ve co uld be par ti cu larly at tri bu ted to dif fe rent met hods 
used for de tec tion of the to xin, ge o grap hi cal con di ti ons, cli ma te and se a so nal 
va ri a ti ons, dif fe ren ces in fe e ding systems, feed sto ra ge prac ti ces, and farm 
ma na ge ment prac ti ces (Iq bal et al., 2013). In the light of Ser bian le gi sla tion, it 
co uld be con clu ded that the sa fety of milk in Ser bia has been im pro ved in re-
cent years. The num ber of sam ples which ex ce ed MRL has been dec re a sing 
in re cent years. Alt ho ugh the im pro ve ment of da iry pro ducts sa fety was evi dent 
in 2016 when com pa red to 2013 and 2014, the ca u se of high con cen tra ti ons of 
afla to xins in raw milk has not been re sol ved yet (Mi o ci no vic et al., 2017). Ac-
cor ding to the EU re gu la tion, a lar ge per cen ta ge of raw milk (31%) was still 
con ta mi na ted with le vels abo ve the ma xi mum per mit ted le vel in the EU (EC, 
2006). Ele va ted le vels of AFM1 in raw cow milk sam ples from dif fe rent re gi-
ons of Ser bia cle arly in di ca ted the use of con ta mi na ted fe ed stuff in so me farms 
du ring the pe riod of sam ples col lec ting.

Cli ma te chan ges re sul ted in spe ci fic ex tre me con di ti ons du ring 2012 to 
2016 pro duc tion years in Ser bia, which ha ve not oc cur red pre vi o usly. Ac cor-
ding to a re port by the Re pu blic Hydr o me te o ro lo gi cal Ser vi ce of Ser bia (2016), 
the 2015 pro duc tion year was the third hot test year in the pe riod from 1951 to 
the pre sent. Pro lon ged pe ri ods of ex tre mely high air tem pe ra tu res du ring sum-
mer (daily tem pe ra tu res aro und 40 °C), as well as pre ci pi ta tion de fi cit, re sul ted 
in se ve re and ex tre me dro ughts in many re gi ons of Ser bia. In ad di tion, re gar-
ding the agro-me te o ro lo gi cal con di ti ons 2016/2017 pro duc tion year was un fa-
vo ra ble to many agri cul tu ral crops. Be si des the ex tre me cli ma te con di tion 
(la te spring frosts, snow fall in April, dro ughts and he at wa ves in the sum mer), 
the qu a lity and qu an tity of yields of cer tain agri cul tu ral crops, du ring the ti me 
of very im por tant ve ge ta ti ve and ge ne ra ti ve pro ces ses in agri cul tu ral crops, 
we re al so af fec ted by in suf fi ci ent ap pli ca tion of ap pro pri a te agro-tec hni cal 
me a su res. Furt her mo re, AFB1 con ta mi na tion is pre va lent in warm and hu mid 
cli ma tes, par ti cu larly in re gi ons which are ex tre mely hu mid du ring the rainy 
se a son, but al so in tem pe ra te cli ma tes fol lo wing se ve re dro ught, li ke it was in 
Ser bia. The re fo re, a se a so nal trend in milk con ta mi na tion co uld be ex pec ted.
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Esti ma ted daily in ta ke of AFM1 by hu man con su mers

The in ta ke of afla to xins by food, mo re o ver the re gu lar up ta ke of mi nor 
amo unts, po ses se ri o us he alth risks for con su mers that sho uld be avo i ded. The 
car ci no ge nic po ten tial of AFM1 in hu mans was wi dely as ses sed and di scus sed 
be fo re, whe re as nu me ro us he pa to to xi city and hi sto pat ho lo gi cal signs we re de-
mon stra ted in SubSa ha ran Afri ca. Ta king in to ac co unt that AFM1 is re la ti vely 
sta ble to drying and ther mal pro ces sing (de com po si tion tem pe ra tu res of aflato-
xins are bet we en 237 ºC and 306 ºC), io ni zing ra di a tion, and ad di tion of enzymes 
and food ad di ti ves (I ha et al., 2013; Mas hak et al., 2016), raw milk con ta mi na tion 
by AFM1 me ans that this myco to xin is li kely to be fo und in the final pro duct. 

Risk as ses sment da ta of myco to xin con ta mi na tion of food re la ted to hu-
man he alth in Ser bia are still li mi ted ma inly due to sci en ti fic, po li ti cal, so ci o-
lo gi cal and eco no mic re a sons. Ba sed on the da ta de scri bed be fo re and de spi te 
a lack of da ta con cer ning milk con sump tion by dif fe rent age gro ups in Ser bia, 
it se ems that the ave ra ge esti ma ted daily in ta ke (EDI) re por ted by so me aut hors 
(Skr bic et al., 2014; To ro vic et al., 2015; Mi li ce vic et al., 2017/a,b) sin ce the 
out bre ak of afla to xin cri sis was hig her when com pa red with the stu di es which 
re por ted on Eu ro pean di et (0.11 μg/kg bw/day), and par ti cu larly re gar ding in-
fants which re pre sent a risk gro up be ca u se of a hig her milk in ta ke. 

In a study con duc ted by Skr bic (2014), EDI for AFM1 re por ted du ring Fe-
bru ary, April and May was 1.42; 0.77 and 0.5 μg/kg bw/day. The AFM1 daily 
in ta ke le vels thro ugh milk con sump tion by in fants and adults re por ted in anot her 
study in Ser bia (Kos et al., 2014) we re ~6 and ~0.5 μg/kg bw/day, re spec ti vely, 
in di ca ting a sig ni fi cant dif fe ren ce in the EDI va lu es for AFM1 du ring dif fe rent 
months of a year which is in ac cor dan ce with a re cent study con duc ted by Mi li-
ce vic (2017/a,b). The hig hest EDI va lu es for AFM1 in raw milk in this study 
we re cal cu la ted for in fants (1–4 years old) (2.257 and 2.206 μg/kg bw/day for 
ma les and fe ma les, re spec ti vely). The EDI va lu es for AFM1 we re fo und to dec-
re a se with in cre a sing age; thus, the lo west va lu es we re re cor ded for adult fe ma-
les (age 16–25 years; 0.144 μg/kg bw/day) and ma les (age >25 years; 0.168 μg/
kg bw/day). Con si de ring mean va lu es of AFM1 in he at-tre a ted cow’s milk du ring 
dif fe rent se a sons of in ve sti ga tion pe riod, in this study in the pe riod from Sep-
tem ber 2015 to Ju ne 2016 EDI was hig her than 0.2 μg/kg bw/day, the amo unt 
re com men ded by Ku i per-Go od man (1990). The EDI va lu es of AFM1we re af-
fec ted by the chan ges of se a sons in a si mi lar man ner as the con cen tra tion of 
AFM1 in milk i.e. ma xi mum in au tumn and fol lo wed by win ter, spring, and 
sum mer. Ho we ver, in anot her study con duc ted in Ser bia To ro vic 2015), EDI was 
ap pro xi ma tely two-fold lo wer in Au gust 2013 (0.30 μg/kg bw/day), fol lo wed by 
a furt her drop un til April 2014 (0.08 μg/kg bw/day) and De cem ber 2014 (0.03 
μg/kg bw/day). The mean le vel of ex po su re in 2014 was 0.06 μg/kg bw/day. 

The re fo re, the com pa ri son of the pre sent re sults with the ones at the in-
ter na ti o nal le vel on the ba sis of the mean con cen tra ti ons of AFM1 in milk and 
the milk con sump tion in the GEMS/Food re gi o nal di ets (JEC FA, 2002), as well 
as the as sump tion that 1% of the po pu la tion car ri es the he pa ti tis B vi rus, in di-
ca te that the re is a po ten tial risk for li ver can cer in Ser bian con su mers due to 
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the con sump tion of milk. Mo re o ver, for this type of car ci no gen it is ge ne rally 
felt that the re is no thres hold do se be low which no tu mor for ma tion wo uld oc-
cur. In ot her words, only a ze ro le vel of ex po su re wo uld be harm less. The re-
fo re, mo re at ten tion ne eds to be paid to milk sa fety in Ser bia in or der to mi ni-
mi ze the he alth ha zards. In ad di tion, the aut hors in di ca ted the ne ces sity of 
to tal di et study in or der to eva lu a te co-oc cur ring risk as ses sments, using pro-
ba bi li stic esti ma tion, espe ci ally for chil dren.

Ex tra po la ted in ta ke of AFB1 in feed

Ba sed on da ta for the de ter mi ned con cen tra ti ons of AFM1 in milk sam-
ples, con cen tra tion of AFB1 in the fe eds con su med by the pro du cing cows 
co uld be esti ma ted (Wal te et al., 2016). A re cently con duc ted study (Mi li ce vic 
et al., 2017a) on the lar ge num ber of analyzed milk sam ples pro vi des re li a ble 
da ta on the oc cur ren ce of AFB1 in corn in the ran ge from 2 to 125 µg/kg (Fi-
gu re 1). It co uld be con clu ded than du ring the pe riod of in ve sti ga tion a lar ge 
per cen ta ge of con ta mi na ted corn was used in fe eds in ten ded for da iry cows 
fe e ding set by the Ser bian re gu la ti ons (2014). The sa me back cal cu la tion of the 
ave ra ge va lu es of AFM1 ob ta i ned from analysis of dif fe rent types of milk 
sam ples col lec ted from Fe bru ary to Ju ne 2013 re ve a led that ave ra ge con cen-
tra tion of AFB1 in fe eds con su med by the pro du cing cows was 18.75 µg/kg, 
which is 3.8 ti mes hig her than the ma xi mum al lo wed le vel in fe eds for da iry 
cat tle set by the Eu ro pean Di rec ti ves (Di rec ti ve 2002/32/EC (EC, 2002) and 
amen ding Di rec ti ve 2003/100/EC (EC, 2003) to be 5 µg/kg (Skr bic et al., 2014). 
Ho we ver, it is im por tant to emp ha si ze that ca rry-over ra tes ran ge from 1 to 
6% (re por ted le vel for high yiel ding cows), de pen ding on fac tors such as the 
ge ne tics of the ani mals, se a so nal va ri a tion, the mil king pro cess and the en vi-
ron men tal con di ti ons (Iq bal et al., 2015). 

Fi gu re 1. Esti ma tion of the ca rry-over ra te of AFB1 to AFM1 

µg/kg AFB1

µg/kg AFM1
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CON CLU SION

AF con ta mi na tion of milk and milk pro ducts has been a se ri o us pro blem 
in the last few years in Ser bia. The re sults of this study re ve a led a re la ti vely 
high oc cur ren ce of AFM1 con ta mi na tion in raw cow milk. Mo re o ver, a se a-
so nal trend of AFM1 con ta mi na tion with hig her oc cur ren ce and le vels of the 
to xin du ring cold se a sons was re cor ded. Ele va ted tem pe ra tu res and ex tre me 
we at her events, such as dro ughts and flo ods that ha ve re cently oc cur red in 
Ser bia, ha ve a di rect and in di rect im pact on the da iry in du stry. In fact, the 
pre sen ce of myco to xin pro du cing fun gi on crops is ex tre mely de pen dent on 
en vi ron men tal con di ti ons. It is ex pec ted that afla to xi ge nic spe ci es will be co me 
mo re pre va lent in such cli ma te con di ti ons, par ti cu larly un der ina de qu a te sto-
ra ge con di ti ons. As a con se qu en ce, the con ta mi na tion risk for ma i ze-de ri ved 
pro ducts and for milk will be hig her than in the past. Mo re pre ci se risk esti-
ma tes must be ma de at the na ti o nal or lo cal le vel, ba sed on con ta mi na tion le vels 
and food con sump tion, par ti cu larly in vul ne ra ble gro ups or re gi ons (car ri ers 
of he pa ti tis B). Thus, the most ef fec ti ve way of con trol ling AFM1 is to mo ni-
tor feed for AFB1. In an in te gra ted food sa fety con trol system such as Ha zard 
Analysis and Cri ti cal Con trol Po ints (HACCP), as sig ning food sa fety re spon-
si bi lity to food bu si ness ope ra tors and fi nally, fast and ac cu ra te iden ti fi ca tion 
of po ten tial ha zard from food by pu blic he alth la bo ra to ri es, en su re not only 
bet ter sa fety and qu a lity of pro ducts, but the pos si bi lity to adopt ti mely pre-
ven ti ve me a su res to avoid the spread of ha zard in ca se of an out bre ak.  
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АФЛА ТОК СИН М1 У СР БИ ЈИ: СИ СТЕ МА ТИ ЧАН ПРЕ ГЛЕД
ЗА СТУ ПЉЕ НО СТИ И ПРО ЦЕ НА ИЗ ЛО ЖЕ НО СТИ – НО ВИ ПО ДА ЦИ

Дра ган Р. МИ ЛИ ЋЕ ВИЋ, Дан ка М. СПИ РИЋ, Са ша Д. ЈАН КО ВИЋ

Ин сти тут за хи ги је ну и тех но ло ги ју ме са Бе о град
Ка ћан ског 13, Бе о град 11040, Ср би ја

РЕ ЗИ МЕ: Мле ко пред ста вља ви со ковред ну на мир ни цу животињског по ре-
кла. Ме ђу тим, у ње му вр ло че сто мо гу би ти при сут ни би о ло шки и хе миј ски 
ха зар ди ко ји су опа сни по здра вље љу ди. Као је дан од нај зна чај ни јих ха зар да у 
по след ње вре ме сма тра се афла ток син М1 (АФМ1). Услед кли мат ских про ме на и 
по сле дич но ви со ких тем пе ра ту ра, не за бе ле же них у исто ри ји хи дро ме те о ро ло-
ги је у Ср би ји, афла ток син Б1 и ње гов хи дрок си ли са ни ме та бо лит афла ток син М1 
ко ји се из лу чу је мле ком, по след њих го ди на пред ста вља ју јед ну од нај ве ћих опа-
сно сти за јав но здра вље. Сто га је циљ овог ра да био да се ана ли зи ра ју ре зул та ти 
ис тра жи ва ња кон та ми на ци је кра вљег мле ка и про из во да од мле ка АФМ1 у пе-
ри о ду од 2007 до 2016. го ди не, с по себ ним освр том на пе ри од од 2013. го ди не до 
да нас. По да ци су при ку пље ни из ре ле вант них ба за по да та ка, пу бли ко ва них у 
ме ђу на род ним и до ма ћим ча со пи си ма. На осно ву при ку пље них по да та ка, мо же 
се за кљу чи ти да је ин ци ден ца АФМ1 у мле ку и про из во ди ма од мле ка до ста ви-
со ка, те је са мим тим и из ло же ност ста нов ни штва Ср би је АФМ1 пу тем мле ка 
то ком пе ри о да ис пи ти ва ња би ла ве ћа у од но су на ста нов ни штво Европ ске уни је 
(0,11 μg/kg bw/day). Све у куп но са гле да ва ју ћи до би је не ре зул та те, мо же се за кљу-
чи ти да је то ком пе ри о да ис пи ти ва ња, ку ку руз кон та ми ни ран АФМ1 ко ри шћен 
за ис хра ну млеч них кра ва. Из тог раз ло га мо ни то ринг хра не за жи во ти ње пред-
ста вља пр ву ка ри ку у лан цу без бед но сти хра не, а ти ме и уна пре ђе ња јав ног 
здра вља. 

КЉУЧ НЕ РЕ ЧИ: афла ток син М1, про це на ри зи ка, јав но здра вље
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DE TEC TION OF MYCO TO XINS TRO UGH DIF FE RENT 
ANALYTI CAL MET HODS

AB STRACT: Myco to xins are se con dary me ta bo li tes pro du ced by fun gi which can 
af fect a va ri ety of fe ed stuffs. The se com po unds eli cit to xi co lo gi cal ef fects which re pre sent 
risk for both hu mans and ani mals. The ir to xi city oc curs at very low con cen tra ti ons, the re-
fo re the re is a need for sen si ti ve and re li a ble met hods for the ir de tec tion. This re vi ew aims 
to eva lu a te clas si cal and emer ging met hods for the analysis of myco to xins con cer ning the ir 
advan ta ges and di sa dvan ta ges. Cur rently, se ve ral sen si ti ve met hods ba sed on chro ma to grap-
hic or im mu noc he mi cal tec hni que are com mer ci ally ava i la ble. Espe ci ally wi dely are used 
dif fe rent chro ma to grap hic met hods for qu an ti ta ti ve de ter mi na tion of myco to xins, in clu ding 
gas-chr o ma to graphy (GC) and high-per for man ce li qu id chr o ma to graphy (HPLC) co u pled 
with ul tra vi o let, flu o re scen ce or MS de tec tors. Li qu id chro ma to graphy-tan dem mass spec-
tro me try (LC-MS/MS) is used as a pro mi sing tec hni que for scre e ning, iden ti fi ca tion and 
qu an ti ta ti ve de ter mi na tion of a lar ge num ber of myco to xins. Im mu no me tric as says, such as 
enzyme-lin ked im mu no sor bent as says (ELI SA), are fre qu ently used for scre e ning pu r po ses. 
On the ot her hand, a va ri ety of emer ging met hods ha ve been pro po sed. They are ba sed on 
no vel tec hno lo gi es, in clu ding im mu noc hro ma to graphy (i.e. la te ral flow de vi ces), flu o re-
scen ce po la ri za tion im mu no as says (FPIA), in fra red spec tro scopy (FT-NIR), mo le cu larly 
im prin ted polymers (MIPs), and op ti cal bi o sen sors. In ad di tion, du ring the last years, the 
hig hlight was put on na no sca le ma te ri als in clu ded in bi o sen sors, which are so me of the smart 
de vi ces used for de ter mi na tion of myco to xins. 

KEYWORDS: bi o sen sors, ELI SA, FT-NIR, GC, HPLC, LC-MS/MS, mo le cu larly 
im prin ted polymers

IN TRO DUC TION

Among the na tu rally oc cur ring to xic com po unds the re are myco to xins. 
The im pact of myco to xins on he alth de pends on the amo unt of the myco to xin 
con su med, the to xi city of the com po und, acu te or chro nic ex po su re, the body 
we ight of the in di vi dual, the pre sen ce of ot her myco to xins, and ot her di e tary 
ef fects (Ku i per-Go od man, 1991).

* Cor re spon ding aut hor. E-mail: m_pet ko va2002@abv.bg
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Most ce real gra ins, oil se eds, tree nuts, and dehydra ted fru its are su scep-
ti ble to fun gus con ta mi na tion and myco to xin for ma tion. They are pro du ced 
un der ap pro pri a te en vi ron men tal con di ti ons by fun gi spe ci es. The most im-
por tant spe ci es are Asper gil lus ni ger, Asper gil lus pa ra si ti cus, Asper gil lus 
fla vus, Pe ni cil li um, Fu sa ri um, Al ter na ria, etc. (Zi ne di ne et al., 2007; Oan cea 
and Sto ia, 2008; Tur ner et al., 2009). The myco to xins pro du ced by tho se molds 
are shown in Ta ble 1. 

Ta ble 1. The most im por tant mo ulds and pro du ced myco to xins

Mo uld spe ci es Myco to xins pr o du ce d

A sper gil lus pa ra si ti cu s A fla to xins B1, B2, G1, G2

Asper gil lus fla vu s A fla to xins B1, B2

Fu sa ri um spo ro tric hi o i des T-2 to xin 

Fu sa ri um gra mi ne a rum De oxyni va le nol, Ze a ra le no ne 

Fu sa ri um mo ni li for me (F. ver ti cil li o i des) Fu mo ni sin B1

Pe ni cil li um ver ru co sum, Asper gil lus oc hra ce us, Asper gil lus 
car bo na ri u s Oc hra to xin A

As can be seen in Ta ble 1, the Asper gil lus spe ci es pro du ce afla to xins 
which are highly to xic com po unds and can ca u se chro nic to xi city in hu mans 
and ani mals and they are al so as so ci a ted with myco to xi co sis. The se molds can 
grow on pe a nuts, corn, cot ton se eds, nuts, co pra, ce re als, oil se eds such as sun-
flo wer and soybe ans, un re fi ned ve ge ta ble oils, spi ces (pa pri ka and chi li pep-
per), dried fru its (dried figs and ra i sins), cof fee, co coa, and feed. Fu sa ri um 
spe ci es pro du ce De oxyni va le nol, T-2 to xin, and Fu mo ni sin. The se to xins oc cur 
wor ldwi de and are fre qu ently fo und in ma i ze. Oc hra to xin A is pro du ced by 
Pe ni cil li um. The ce real gra ins are con si de red to be the main hu man di e tary 
so ur ce of Oc hra to xin A. Ho we ver, Cicoňová et al. (2010) sug ge sted that pork 
pro ducts may al so be a sig ni fi cant so ur ce of this to xin.

Be ca u se myco to xins are to xic to hu mans and ani mals, the re is a tre men-
do us need for analyti cal met hods for the ir me a su re ment. Dif fe rent analyti cal 
met hods that ha ve dif fe rent sen si ti vity and ac cu racy, which co uld be used for 
dif fe rent pur po ses, ha ve been de ve lo ped. Com monly used met hods for myco-
to xin analysis are thin-layer chro ma to graphy (TLC), high-per for man ce li qu id 
chro ma to graphy (HPLC) with ul tra vi o let (UV) or flu o re scen ce de tec tion (FD), 
and enzyme im mu no as says (EI As). Re cently, li qu id chro ma to graphy–mass 
spec tro me try  (LC-MS) and gas chro ma to graphy–mass spec tro me try (GC-MS) 
tec hni qu es ha ve be co me ac ces si ble for the qu a li ta ti ve and qu an ti ta ti ve de ter-
mi na tion of myco to xins. 

This ar tic le re vi ews dif fe rent analyti cal met hods for de tec tion of myco-
to xins oc cur ring in fe ed stuffs. 
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Sam ple pre pa ra tion

Myco to xins are com monly ex trac ted from gro und ce re als by sha king or 
blen ding with mix tu res of wa ter or ot her po lar sol vents, such as met ha nol or 
ace to ni tri le. Pu ri fi ca tion of the ex tract is an es sen tial step in the analysis of 
myco to xins, espe ci ally when chro ma to grap hic tec hni qu es are used for the ir 
de ter mi na tion at tra ce le vels. So lid pha se ex trac ti on (SPE), mul ti fun cti o nal 
clean-up co lumns, e.g. Myco Sep®, and im mu no af fi nity co lumns (IACs) are 
fre qu ently used to clean up the ex tracts of raw ce re als, as well as ce real-pro-
ces sed pro ducts. Myco Sep® co lumns are among the most com monly used and 
com mer ci ally ava i la ble co lumns for re mo ving analyti cal in ter fe ren ces from 
raw ex tracts in one qu ick step (10—30 sec). The Myco Sep® co lumn, con ta i-
ning va ri o us ad sor bents, such as char coal, Ce li te and ion-ex chan ge re sins, is 
pus hed in to a test tu be (con ta i ning the ex tract) for cing the ex tract to fil ter up-
wards thro ugh the pac king ad sor bent ma te rial. The in ter fe ren ces ad he re to the 
ad sor bents in the co lumn and the pu ri fied ex tract pas ses thro ugh a frit to the 
sur fa ce of the co lumn. The se co lumns are of ten used for the si mul ta ne o us and 
ra pid clean-up of type A- and type B-tric hot he ce nes, as well as AFs, OTA, 
ZEA, and FBs. Im mu no af fi nity co lumns are ba sed on mo noc lo nal or polyclo-
nal an ti bo di es, and are com monly used for myco to xin analyses. IACs are com-
mer ci ally ava i la ble for AFs, OTA, FBs, ZEA, DON, T-2, and HT-2 to xins, and 
ha ve been used to si mul ta ne o usly de tect the pre sen ce of the se to xins by HPLC 
with good ac cu racy and pre ci sion (Pa sca le and Vi scon ti, 2008).

MET HODS FOR DE TEC TION

No wa days, the re are se ve ral re com men ded met hods for de tec tion of myco-
to xins in food and fe ed stuffs.

Thinlayer chro ma to graphy (TLC)

This met hod is one of the most used for de ter mi na tion of myco to xins. 
TLC can be used to help de ter mi ne the num ber of com po nents in a mix tu re, 
the iden tity of com po unds, and the pu rity of a com po und. It is im por tant to 
no te that it is che ap, sim ple and su i ta ble for ra pid scre e ning, but the lack of 
au to ma tion ca u sed TLC to be re pla ced by ot her tec hni qu es (Ro se a nu et al., 
2010). In sam ple pre pa ra tion, the pro ce du res for ex trac ti on and clean-up of 
gi ven ma tri ces de pend on the physi co-che mi cal pro per ti es of the myco to xins. 
To vi su a li ze the myco to xin spots on thin-layer pla tes, two kinds of tec hni qu es 
ha ve been most fre qu ently ap plied − exa mi na ti on un der UV light of long or 
short wa ve length for na tu rally flu o re scent myco to xins li ke afla to xins, ci tri nin, 
oc hra to xin A, and spraying the pla tes with a che mi cal re a gent that re acts with 
the myco to xins to pro du ce a co lo red or a flu o re scent pro duct. 
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Gas chro ma to graphy (GC)

Gas chro ma to grap hic met hods ba sed on FID, ECD, and MS de tec tion 
are the most wi dely used met hods for qu an ti ta ti ve si mul ta ne o us de ter mi na-
tion of tric hot he ce nes (ma inly type A) in ce re als and ce real-ba sed pro ducts 
(Kr ska et al., 2001). The se met hods re qu i re a pre li mi nary clean-up of ex tracts, 
ge ne rally by Myco Sep® co lumns, and pre-co lumn de ri va ti za tion of the pu-
ri fied ex tract with spe ci fic re a gents. Of the pu blis hed GC met hods pre vail 
tho se de ve lo ped for tric hot he ce nes and ot her Fu sa ri um to xins. Onji et al. 
(1998) re por ted an analysis of na ti ve com po unds (ze a ra le no ne, DON, T-2 
to xin, and ot hers) using cool on-co lumn injec tion. The re are ot her re ports on 
di rect analysis (Wil kes and Sut her land, 1998), alt ho ugh the ad sorp tion of 
mo re po lar myco to xins to co lumn has been ob ser ved. An ob vi o us advan ta ge 
is the com bi na tion with MS de tec tion, as the iden tity of com po unds can be 
con fir med, which is espe ci ally im por tant in the analysis of me ta bo li tes. Rus-
so et al. (2007) men ti o ned that di rect analysis of T-2 to xin using a GC-GC 
tan dem system for se qu en ti al ex trac ti on and se pa ra tion co uld be al so ac com-
plis hed.

Li qu id chro ma to graphy (LC) 

LC can be clas si fied in to 3 parts: co lumn chro ma to graphy, mi ni-co lumn 
chro ma to graphy, and HPLC. Co lumn chro ma to graphy is used for clean-up. 
Many fac tors li ke par tic le si ze, par tic le si ze di stri bu tion and sur fa ce area, pac-
king den sity, pH, and many ot her fac tors af fect its per for man ce. The re fo re, 
co lumns ha ve been re pla ced by com mer cial pre pac ked car trid ges. Mi ni-co-
lumns we re used for scre e ning of dif fe rent myco to xins (usu ally afla to xins, 
oc hra to xin A, and ZEA). LC is cur rently the do mi na te type of chro ma to graphy 
and is even re pla cing GC in its mo re tra di ti o nal ap pli ca ti ons of myco to xin 
analysis. Advan ta ges of LC com pa red to GC are as fol lows: LC can be ap plied 
to the se pa ra tion of any com po und that is so lu ble in a li qu id pha se; LC is mo-
re use ful in the se pa ra tion of bi o lo gi cal com po unds, synthe tic or na tu ral 
polymers; li qu id mo bi le pha se al lows LC to be used at lo wer tem pe ra tu res than 
tho se re qu i red by GC; LC is bet ter su i ted than GC for se pa ra ting com po unds 
that may be ther mally la bi le. Li qu id chro ma to graphy co u pled with mass spec-
tro me try (LC-MS) has been used for many years, ma inly as a tec hni que for 
myco to xin con fir ma tion.

At pre sent, LC-MS and LC-MS/MS are the most pro mi sing tec hni qu-
es for the si mul ta ne o us scre e ning, iden tifying, and me a su ring of a lar ge 
num ber of myco to xins. In this re gard, Vu co vić et al. (2016) sho wed that by 
the va li da tion of the LC-MS/MS using Vi cam AOZTM im mu no af fi nity 
co lumn clean-up for the ex trac ti on of AFB1, AFB2, ATG1, and AFG2 can 
be suc cessfully per for med. They con clu ded that the met hod pro vi des a very 
high sen si ti vity, good re pro du ci bi lity, ap pro pri a te li ne a rity and can be ap-
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plied with a high re li a bi lity to the analysis of the AFs con tent in real ma i ze 
sam ples. LC-MS/MS is al so pro ven to be a po wer ful tec hni que for the de-
ter mi na tion of ma sked myco to xins, for exam ple de oxyni va le nol-glu co si des, 
in whe at (Bert hil ler et al., 2005). 

HPLC is the most po pu lar met hod for the analysis of myco to xins in fo ods 
and fe eds. Ac tu ally, it is a qu an ti ta ti ve tec hni que that is su i ted for on li ne clean-
up of sam ple ex tract and co uld be com bi ned with dif fe rent de tec tors. This 
tec hni que is wi dely ac cep ted as an of fi cial met hod for the de ter mi na tion of 
myco to xins. It is ap plied in co njun ction with UV, flu o re scen ce, am pe ro me tric 
or spec tro flu o ri me tric de tec tion. A num ber of myco to xins al ready ha ve na tu-
ral flu o re scen ce (oc hra to xin, ci tri nin) and thus can be de tec ted di rectly by 
HPLC-flu o re scen ce de tec tion (HPLC-FD) (To ska ni et al., 2007). 

HPLC–MS/MS is al so used for de ter mi ning fu mo ni sins. A pro ce du re 
was de ve lo ped for the de ter mi na tion of fu mo ni sins B1, B2, and B3 in her bal 
tea and me di ci nal plants. Sam ple pre pa ra tion was car ried out with the aid of 
im mu no af fi nity co lumns. Se pa ra tion was per for med on an XBrid ge co lumn; 
met ha nol and for mic acid we re used as a mo bi le pha se. The li mit of de tec tion 
was 0.025 or 0.5 μg/kg for fu mo ni sins B1 and B3 or B2, re spec ti vely (Vu co vić 
et al., 2010). 

Enzymelin ked im mu no sor bent as say (ELI SA)

The ELI SA is anot her tec hni que for myco to xin de tec tion. It is ba sed on 
the spe ci fic an ti gen-an ti body re ac tion and can be di rect or in di rect com pe ti ti-
ve. In di rect tec hni que, an ex tract of the sam ple is ad ded to the so lu tion and 
the dis so lu tion of the myco to xin co va lently lin ked to enzyme is ob ser ved. 
In di rect com pe ti ti ve uses a se cond an ti body di rec ted to the con stant re gion of 
the first an ti body. The as say is mostly per for med in a 96-well pla te, al lo wing 
si mul ta ne o us analysis of up to 45 sam ples in du pli ca te. In cu ba tion ti mes are 
0.5–2 h and the de ve lo ped co lor is usu ally me a su red spec trop ho to me tri cally 
(Schne i der et al., 2004). In ge ne ral, ELI SA do es not re qu i re clean-up pro ce du-
res, and the ex tract con ta i ning the myco to xin is analyzed di rectly. Even tho ugh 
they of ten lack ac cu racy at very low con cen tra ti ons and are li mi ted in the 
ran ge of ma tri ces exa mi ned, im mu no as says pro vi de fast, inex pen si ve scre e ning 
as says. Ho we ver, ma trix in ter fe ren ce or the pre sen ce of struc tu rally re la ted 
myco to xins can in ter fe re with the bin ding of co nju ga te and an ti body, le a ding 
to mi sta kes in qu an ti ta ti ve me a su re ments of myco to xins. The re sults of afla-
to xin de ter mi na tion in red-sca led, red and black pep per de ter mi ned by ELI SA 
sho wed a good cor re la tion with HPLC, sin ce ELI SA can be used in the ro u ti-
ne scre e ning of afla to xin con ta mi na tion in spi ces in terms of sim pli city, ra pi-
dity, re li a bi lity, and cost-ef fec ti ve ness (Co lak et al., 2006). Afla to xin M1 in 
milk has been de ter mi ned by ELI SA by so me re se ar chers (De ca stel li et al., 
2007). 
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Ot her im mu no as say tec hni qu es are ba sed on no vel tec hno lo gi es, in clu ding 
im mu noc hro ma to graphy (i.e. la te ral flow de vi ces), flu o re scen ce po la ri za tion 
im mu no as says (FPIA), in fra red spec tro scopy (FT-NIR), mo le cu larly im prin ted 
polymers (MIPs), and op ti cal bi o sen sors. 

Flu o re scen ce po la ri za tion im mu no as say (FPIA)

This is a me ans of iden tifying and qu an tifyin g the amo unt of an an ti gen 
in a spe ci men, in which a flu o re scently la be led an ti body mi xed with a sam ple 
tho ught to con tain the an ti gen is ex po sed to po la ri zed light. Bo und flu o re-
scently la be led an ti body re acts to po la ri zed light in a cha rac te ri stic fas hion not 
de mon stra ted by un bo und an ti body, al lo wing for iden ti fi ca tion and me a su re-
ment of the li gand. FPI As are de ve lo ped for ra pid de ter mi na tion of afla to xins, 
ze a ra le no ne, fu mo ni sins, and DON, alt ho ugh low ac cu racy and sen si ti vity 
we re ob ser ved when the se as says we re used with ce real sam ples (Chun et al., 
2009). Re cently, FPIA has been op ti mi zed for ra pid de ter mi na tion of DON in 
du rum and com mon whe at, se mo li na and pa sta (Lip po lis et al., 2006). The 
as say sho wed bet ter ac cu racy and pre ci sion when com pa red to a wi dely used 
HPLC-IAC met hod (Mac Do nald et al., 2005) in the ran ge of 100–2.000 mg/kg. 

In fra red spec tro scopy (FTNIR)

In fra red (IR) spec tro sco pic met hods are among the most pro mi sing stra-
te gi es for de ter mi ning myco to xin con ta mi na tion in agri cul tu ral com mo di ti es 
or pro ces sed food pro ducts. IR-ba sed met hods are ra pid and non de struc ti ve 
tec hni qu es that re qu i re mi ni mal tec hni cal tra i ning and sam ple pre pa ra tion. 
Analysis is usu ally not la bor-ex ten si ve, and lar ge qu an ti ti es of che mi cals are 
not re qu i red in com pa ri son to the exi sting sop hi sti ca ted chro ma to grap hic tec-
hni qu es usu ally re qu i ring advan ced tec hni cal com pe ten ce. The se in trin sic 
qu a li ti es of IR-ba sed met hods ren der them an at trac ti ve op tion for high-thro-
ug hput analysis of fo od stuffs on si te (McMul lin et al., 2015).

Bi o sen sors

Bi o as say by bi o sen sor is de sig ned as an in hi bi tion as say. A fi xed con cen-
tra tion of myco to xin-spe ci fic an ti body is mi xed with a sam ple con ta i ning an 
unk nown amo unt of myco to xin in the se met hods. The an ti body and myco to xin 
form a com plex. Then the sam ple is pas sed over a sen sor sur fa ce to which 
myco to xin has been im mo bi li zed. Non-com ple xed an ti bo di es are me a su red as 
they bind to the myco to xin on the sen sor sur fa ce. The re spon ses ge ne ra ted over 
a ran ge of stan dard myco to xin con cen tra ti ons are used to cre a te a ca li bra tion 
cur ve and ta ble. Fi nally, unk nown sam ples are de ter mi ned by re fer ring to the 
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ca li bra tion cur ve.  Ac tu ally, the bi o sen sors ha ve emer ged as a ra pid, sen si ti ve, 
prac ti cal, and con ve ni ent met hod for myco to xin analysis. They con sist of a 
re cog ni tion ele ment, com monly of bi o lo gi cal ori gin, that pro du ces a qu an ti fi-
a ble re spon se in a sig nal tran sduc tion ele ment when in con tact with the tar get 
analyte (Fi gu re 1) (Ser to va, 2015).

Fi gu re 1. Sche ma tic re pre sen ta tion of bi o sen sor

Most sig nal tran sduc tion mec ha nisms are op ti cal (co lo ri me tric, flu o re-
scen ce, en han ced che mi lu mi ne scen ce), elec troc he mi cal or sur fa ce pla smon 
re so nan ce (Wang and Wang, 2008; Yuan et al., 2009). Tis sue bi o sen sors, op-
ti cal im mu no sen sors, enzyme sen sors, elec troc he mi cal sen sors, qu artz crystal, 
ar ray and pla smon re so nan ce bi o sen sors ha ve been ap plied to de tect oc hra to-
xin, afla to xins, fu mo ni sin, and de oxyni va le nol in dif fe rent com mo di ti es. For 
exam ple, ze a ra le no ne and its de ri va ti ves we re de tec ted in milk pro ducts with 
a yeast who le-cell bi o lu mi ne scent sen sor (ge ne ti cally mo di fied Sac cha romyces  
ce re vi si ae), al lo wing de tec tion at na no mo lar con cen tra ti ons (Va li maa et al., 
2010). Com pa red to ot her tra di ti o nal analyti cal tec hni qu es, bi o sen sors of fer 
the pos si bi lity to mo ni tor a lar ge num ber of sam ples thus be ing a very con-
ve ni ent tool, that can al so be au to ma ted, for scre e ning to xins in ro u ti ne 
analysis. The main li mi ta tion is re ge ne ra tion of the re cep tor sur fa ce. The 
im pro ve ment of the ir spe ci fi city, sen si ti vity, re pro du ci bi lity and sta bi lity are 
im por tant re qu i re ments for fu tu re ap pli ca ti ons on a lar ge sca le. In ad di tion, 
du ring the last years, the na no sca le ma te ri als ha ve been in clu ded in bi o sen-
sors, which are so me of the smart de vi ces used for de tec tion of myco to xins. 
The na no tec hno logy is playing an in cre a singly im por tant ro le in the de ve lop-
ment of bi o sen sors. The sen si ti vity and per for man ce of bi o sen sors co uld be 
im pro ved by using na no ma te ri als for the ir con struc tion. No wa days, the re are 
dif fe rent ef fec ti ve systems wor king for de tec tion of myco to xins. One of them, 
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ba sed on the pro per ti es of na no ma te ri als, is in clu ded in the na no bi o sen sor 
de vi ces. The na no sen sor’s struc tu re in clu des ma te ri als at na no le vel, and the 
most po pu lar are na no par tic les. Na no par tic le is de fi ned as a small ob ject that 
be ha ves as a who le unit in terms of its tran sport and pro per ti es and has one 
di men sion which is 100 nm or less in si ze (Ser to va, 2015). The most im por tant 
fact in this ca se is that the bi o sen sors are bin ding the spe ci fic analyte of in-
te rest to the sen sor for the me a su re ment with mi ni mum of in ter fe ren ce from 
ot her com po nents in com plex mix tu re.

Mo le cu larly im prin ted polymers (MIPs) 

Re cently, in the area of myco to xin analysis, the re has been an in cre a sing 
in te rest in the po ten tial use of MIPs as ad sor bents for SPE due to the ir low 
costs, easy pre pa ra tion, high che mi cal sta bi lity, and long shelf li fe. MIPs are 
cross-lin ked polymers that are ther mally, pho toc he mi cally or elec troc he mi-
cally synthe si zed by the re ac tion of a mo no mer and a cross-lin ker in the 
pre sen ce of an analyte, e.g. myco to xin, used as a tem pla te (Pa sca le et al., 
2008). For myco to xins ap pli ca ti ons, MIPs ha ve ma inly been used as clean-up 
me dia for sam ple ex trac ti on and pre tre at ment and al so as sen sing re cep tors 
(Ur ra ca et al., 2006). MIPs are synthe tic re cep tors with high-af fi nity si tes 
that can se lec ti vely re cog ni ze a tar get analyte, ba sed on its sha pe, si ze, or 
fun cti o nal gro up di stri bu tion. The se re cep tors are pro mi sing due to the ir easy 
pre pa ra tion, ther mal sta bi lity, che mi cal inert ness, and long shelf li fe at ro om 
tem pe ra tu re and hu mi dity. From the po int of vi ew of analyti cal che mi stry, 
this pro to col is very pro mi sing for ap pli ca ti ons in the ex trac ti on and analysis 
of oc hra to xins. Re cent in ve sti ga ti ons ha ve led to the synthe sis of new MIPs 
for a wi der ran ge of myco to xins. Cur rently, MIPs are not se lec ti ve eno ugh 
in the aqu e o us en vi ron ment to com pe te with na tu ral an ti bo di es (Coz zi ni et 
al., 2008), and bet ter sha pe se lec ti vity must be ac hi e ved in fu tu re de ve lop-
ment. In ad di tion, myco to xins are costly for lar ge-sca le pre pa ra tion of MIPs. 
Mo le cu lar-im prin ting polyme ri sa tion has been the fo cus of in ten se re se arch 
in te rest in re cent years and been de ve lo ped for the pre pa ra tion of se lec ti ve 
se pa ra tion ma te ri als and as sen sing layers in sen sor de vi ces (Pi letsky et al., 
2006).

Com pa ring the abo ve men ti o ned met hods used for the analysis of myco-
to xins, so me pros and cons co uld be shown (Ta ble 2).
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Ta ble 2. Pros and cons of met hods for myco to xin analysis 

Met hod Pro s Cons

TLC Less equ ip ment are used, sim ple and sen-
si ti ve met hod 

The sam ple stays in the open, it may be 
af fec ted by hu mi dity and tem pe ra tu re

GC Good sen si ti vity, si mul ta ne o us analysis 
of myco to xins, may be au to ma ted 

Spe ci a list ex per ti se re qu i red, ex pen si ve 
equ ip ment, va ri a tion in re pro du ci bi lity 
and re pe a ta bi lity

LC/MS
No de ri va ti za tion re qu i red, si mul ta ne o us 
analysis of myco to xins, pro vi des con fir-
ma ti on 

Spe ci a list ex per ti se, very ex pen si ve

HPLC
Good se lec ti vity, good sen si ti vity, au to-
ma ted by au to sam pler, short ti me analy-
ses, good re pe a ta bi lity

Ex pen si ve equ ip ment, may re qu i re de ri-
va ti za tion, spe ci a list ex per ti se re qu i red

ELI SA 

Su i ta ble for scre e ning, li mi ted use of or-
ga nic sol vents, inex pen si ve equ ip ment, 
high sen si ti vity, sim ple sam ple pre pa ra-
ti on 

Pos si ble fal se   po si ti ve/ne ga ti ve re sults, 
cross-re ac ti vity with re la ted myco to xins

FTIR No ex trac ti on or clean-up, easy ope ra tion, 
ra pid me a su re ment Po or sen si ti vity, ex pen si ve equ ip ment

Bi o sen sors No clean-up pro ce du re, ra pi d Ex tract clean-up to im pro ve sen si ti vity, 
cross-re ac ti vity with re la ted myco to xin s

MI P Re u sa ble, low cost Po or se lec ti vity

CON CLU SION

Se ve ral met hods are now ava i la ble in myco to xin de tec tion. The re is an 
on go ing de ve lop ment to ward qu ick met hods pro vi ding ra pid yes/no de ci sion 
or se mi qu an ti ta ti ve re sults. Easy-to-use met hods are in ge ne ral ex pen si ve or 
show a lack of sen si ti vity. The main di sa dvan ta ge of the con ven ti o nal elec tro-
de-ba sed im mu no sen sor is the dif fi culty of re ge ne ra tion of im mu no re cog ni tion 
pha se. No wa days, the re se ar chers ha ve de ve lo ped va ri o us elec troc he mi cal 
im mu no sen sors for the de tec tion of myco to xins in dif fe rent types of sam ples. 
The advan ta ges of elec troc he mi cal im mu no sen sors are por ta bi lity and low 
cost. The na no tec hno logy has al so con tri bu ted to the con struc tion of bi o sen-
sors, which ena ble the analysis of very small qu an ti ti es of dif fe rent re si due 
in clu ding myco to xins. Not withstan ding all this, new met hods are re qu i red for 
de tec tion for myco to xins.
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ДЕ ТЕК ЦИ ЈА МИ КО ТОК СИ НА ПУ ТЕМ РАЗ ЛИ ЧИ ТИХ  
АНА ЛИ ТИЧ КИХ МЕ ТО ДА

Mариана А. ПЕТ КО ВА, На де жда М. СЕР ТО ВА

Ве те ри нар ски ин сти тут
По чив ка 1, Ко стин брод 2232, Бу гар ска

РЕ ЗИ МЕ: Ми ко ток си ни су се кун дар ни про дук ти ме та бо ли зма гљи ва ко ји 
мо гу да ути чу на раз ли чи те на мир ни це. Ова је ди ње ња иза зи ва ју ток си ко ло шке 
ефек те ко ји пред ста вља ју ри зик и за љу де и за жи во ти ње. Њи хо ва ток сич ност 
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ја вља се у ве о ма ни ским кон цен тра ци ја ма, због че га по сто ји по тре ба за осе тљи-
вим и по у зда ним ме то да ма за њи хо во от кри ва ње. Циљ овог ра да је ева лу а ци ја 
кла сич них и но вих ме то да за ана ли зу ми ко ток си на узев ши у об зир њи хо ве пред-
но сти и не до стат ке. Тре нут но је ко мер ци јал но до ступ но не ко ли ко осе тљи вих 
ме то да за сно ва них на хро ма то граф ским или иму но хе миј ским тех ни ка ма. По себ-
но се ши ро ко ко ри сте раз ли чи те хро ма то граф ске ме то де за кван ти та тив но од ре-
ђи ва ње ми ко ток си на, укљу чу ју ћи га сну хро ма то гра фи ју (GC) и теч ну хро ма то-
гра фи ју ви со ких пер фор ман си (HPLC) за јед но са ул тра љу би ча стим, флу о ре сцент-
ним или МS де тек то ри ма. Теч на хро ма то гра фи ја са тан дем ском ма се ном спек-
тро ме три јом (LC-MS/MS) ко ри сти се као обе ћа ва ју ћа тех ни ка за скри нинг, иден-
ти фи ка ци ју и кван ти та тив но од ре ђи ва ње ве ли ког бро ја ми ко ток си на. Иму но ло-
шки те сто ви, као што су ен зим ски ве за ни иму но сор бент ни те сто ви (ELI SA), 
че сто се ко ри сте за по тре бе скри нин га. С дру ге стра не, пред ло же не су раз ли чи-
те но ве ме то де. Оне се ба зи ра ју на но вим тех но ло ги ја ма, укљу чу ју ћи иму но хро-
ма то гра фи ју (тј. уре ђа је за боч ни про ток), флу о ро и му но ло шко по ла ри за циј ско 
од ре ђи ва ње (FPIA), ин фра цр ве ну спек тро ско пи ју (FT-NIR), мо ле ку лар но ути-
сну те по ли ме ре (MIPs) и оп тич ке би о сен зо ре. Осим то га, то ком по след њих го-
ди на на гла сак је ста вљен на на нома те ри ја ле ко ји су ин кор по ри ра ни у би о сен зо-
ре и слу же као па мет ни уре ђа ји за од ре ђи ва ње ми ко ток си на.  

КЉУЧ НЕ РЕ ЧИ: би о сен зо ри, ELI SA, FT-NIR, GC, HPLC, LC-MS/MS, мо-
ле ку лар но ути сну ти по ли ме ри
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AL LE LO PAT HIC AC TI VITY OF Myri ophyllum spi ca tum L. ON 
NA TU RAL PHYTO PLANK TON AS SEM BLA GES

AB STRACT: Wi de spre ad eu trop hi ca tion of the wa ter bo di es and con se qu en ti al oc-
cur ren ce of to xic al gal blo oms is one of the most se ri o us en vi ron men tal pro blems. Con si de-
ring that aqu a tic mac rophytes  and mic ro al gae com pe te for nu tri ents and light, al le lo pat hic 
in hi bi tion of al gal growth is con si de red to be an ef fec ti ve mac rophyte com pe ti ti ve stra tegy 
aga inst al gae that can blo om and thus sig ni fi cantly dec re a se an amo unt of light that re ac hes 
mac rophytes . Three dif fe rent con cen tra ti ons of Myri ophyllum spi ca tum et ha no lic ex tract 
we re te sted for the ir in hi bi tory al le lo pat hic ac ti vity on na tu ral phyto plank ton as sem bla ges. 
Af ter applying the ex tract, the ave ra ge bi o mass of 3 re pli ca tes was me a su red du ring the 
ex pe ri men tal ti me. All the three con cen tra ti ons of the M. spi ca tum ex tracts sho wed in hi bi-
tory ef fect to a cer tain ex tent. The ma xi mal in hi bi tory ef fect was ac hi e ved with the 5g/50 
ml con cen tra tion of ex tract at first sam pling ti me. The in hi bi tory ef fect of ex tracts is evi dent 
wit hin all re cor ded al gal phyla. Phylum Cyano bac te ria is fo und to be the most sen si ti ve to 
ap plied ex tracts com pa red with Chlo rophyta and Ba cil la ri ophyta . 
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IN TRO DUC TION

Li ving in the sa me wa ter ha bi tat with li mi ted amo unt of re so ur ces, pho-
to a u to trop hic or ga nisms, such as plants and mic ro al gae com pe te for nu tri ents 
and espe ci ally for light. The re fo re, light is the most im por tant fac tor which 
de ter mi nes the type and in ten sity of in ter ac tion bet we en sub mer ged plants 
(and mac rophytes  in ge ne ral), epiphyton and phyto plank ton. This hap pens 
be ca u se tho se epiphytic and espe ci ally blo o ming plank to nic al gae con se qu ently 
dec re a se the amo unt of light that re ac hes the plants (Hilt, 2006).
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Du ring the ir long-ti me evo lu tion, plants, as well as al gae ha ve de ve lo ped 
nu me ro us com pe ti ti ve stra te gi es whe re al le lo pathy ta kes an im por tant pla ce. 

Al le lo pathy in clu des the re le a se of or ga nic com po unds by plants or bac-
te rial spe ci es that af fects ot her plants or bac te rial spe ci es, which is re gar ded 
as a form of in ter fe ren ce com pe ti tion (Ji ang et al., 2014). The che mi cal com-
po unds pro du ced in this bi o lo gi cal phe no me non are na med al le loc he mi cals.

The pro duc tion and ex cre ti on of al le loc he mi cals pro vi de to aqu a tic mac-
rophytes  an ef fec ti ve de fen se stra tegy aga inst ot her pho tosynthe tic or ga nisms 
com pe ting for light, e.g. ot her mac rophytes , al gae, and cyano bac te ria (Gross 
et al., 1996).

The nu me ro us al le loc he mi cals with al gi ci dal and al gi sta tic ac ti vity pro-
du ced by plants ha ve been di sco ve red un til now, but only a few of them are 
struc tu rally elu ci da ted. The re por ted al le loc he mi cals with the an ti al gal ac ti vity 
in li te ra tu re in clu de ma inly polyphe nols, fatty acids, ter pe no ids al ka lo ids, and 
polyet hers (Meng et al., 2015).

Myri ophylu m spi ca tum (L.) (fa mily Ha lo ra ga ce ae), known as Eu ra sian mil-
foil, is a sub mer ged spe ci es, na ti ve to Eu ro pe, Asia and nort hern Afri ca. Mil foil 
is a very in va si ve aqu a tic plant which pro pa ga ted fast in ea stern USA and Ca-
na da af ter its in tro duc tion from Eu ro pe at the end of the last cen tury (Cham bers 
et al., 1993). Be si de that, it may dis pla ce the na ti ve ve ge ta tion, and mil foil-do-
mi na ted la kes usu ally ha ve low phyto plank ton den si ti es (Gross et al., 1996). 

M. spi ca tum (L.) con ta ins up to 30% polyphe nols ba sed on dry we ight in 
api cal me ri stems and ex hi bits a strong in hi bi tory ac tion aga inst va ri o us cyano-
bac te ria and al gae, which is ma inly ba sed on the polyphe nol tel li ma gran din II 
(Ba u er et al., 2009). Furt her, gal lic and el la gic acid, which ca u sed al gal in hi bi tion, 
are al le loc he mi cals fo und in cru de mil foil ex tracts, too (Gross et al., 1996). The-
re are se ve ral mo des of in hi bi tion for so me al le loc he mi cals: lin ka ge with ex tra-
cel lu lar al gal pro te ins (e.g. al ka li ne phosp ha ta se) which ma kes them inac ti ve 
(Gross et al., 1996), as well as in hi bi tion of pho tosystem II (Leu at al., 2002).

The ba sic idea in this ex pe ri ment was to study al le lo pat hic ac ti vity of the 
dif fe rent con cen tra ti ons of the Myri ophyllum spi ca tum ex tracts on the struc-
tu re and dyna mics of na tu ral phyto plank ton as sem bla ges in ex si tu con di ti ons. 
The re sults wo uld po ten ti ally pro vi de in sight in to the pat terns of using this 
plant al le loc he mi cals for al gal blo om con trol, gi ven that con trol and eli mi na tion 
of har mful al gal blo oms be ca me cru cial in the ma na ge ment and mi ti ga tion of 
aqu a tic ecosystems (Zhang et al., 2014).
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MA TE RI ALS AND MET HODS

Sam pling

The na tu ral phyto plank ton com mu nity was col lec ted from the Sa va La ke 
on 20 May 2016 by a plank ton net (net fra me 25 cm, mesh si ze 22 µm). The-
re af ter, the fresh M. spi ca tum mac rophytes  we re col lec ted from the sa me la ke.

Phyto plank ton sam ples pre pa ra tion

In ste ri le con di ti ons (la bo ra tory), 50 ml of the col lec ted phyto plank ton 
sam ples we re ad ded in each of 12 pre-au toc la ved 250 ml flasks fil led with 150 
ml of BG-11 me di um (Rip pka et al., 1979). The se flasks we re se a led with a 
ste ri le ga u ze tam pons co a ted with alu mi num foil and cul tu red for 16 ho urs in 
an in cu ba tor using a light in ten sity of 400 lux, at 20±3 ˚C and pho to pe riod 15 
L : 9 D, for pro per ac cli ma tion.

Mac rophyte ex tract pre pa ra tion

Re pre sen ta ti ve plants with fresh sho ots we re cho sen and rin sed ca re fully 
with tap-wa ter to re mo ve all im pu ri ti es, epiphytic al gae and ot her or ga nic ma-
te ri als. The cho sen plant ma te rial was dried at 65 ˚C du ring 24 ho urs and 
pow de red with lab ce ra mic mor tar and pe stle. One gram, 5 g and 25 g of pow-
de red plant ma te rial we re ad ded to three dif fe rent flasks (250 ml) con ta i ning 
50 ml of 40% et ha nol. The flasks we re co ve red to pre vent eva po ra tion and 
vi bra ted for 13 ho urs at ro om tem pe ra tu re. Af ter 13 h, each flask sol vent was 
fil te red with a va cu um pump and 1.2 μm cel lu lo se fil ter to re mo ve in so lu ble 
re si due, gi ving three dif fe rent con cen tra tion et ha nol ex tracts of M. spi ca tum: 
A (1 g/50 ml), B (5 g/50 ml) and C (25 g/50 ml).

Plant ex tracts ad ding and ex pe ri men tal sam pling

One mil li li ter of each ex tract of cer tain con cen tra tion was ad ded to 3 ex-
pe ri men tal flasks which re sul ted in 4 se ri es mar ked as: A, B, C, and K na med 
af ter the con cen tra ti ons of the ad ded plant ex tract (1; 5 and 25 g/50 ml, re spec-
ti vely). The fo urth, con trol se ri es (K) was pre pa red only with 1 ml of et ha nol 
(Fi gu re 1). Af ter the ex tract ad ding, the ex pe ri men tal flasks we re re tur ned to 
the in cu ba tor whe re the ex pe ri ment to ok pla ce. 

Du ring the ex pe ri ment, 15 ml of mic ro al gae su spen sion was ta ken fo ur 
ti mes from each flask: be fo re ex tract ap pli ca tion (0 sta te), 4 h (sta te I), 8 h 
(sta te II), and 24 h af ter ad ding ex tracts. It is no te worthy that the plant ex tracts 
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we re ad ded only on ce, at the be gin ning of the ex pe ri ment. Col lec ted sub-sam-
ples we re ta ken in ste ri le con di ti ons, fi xed with Lu gol’s so lu tion and kept in 
the dark at a ro om tem pe ra tu re.

Fi gu re 1. Ex pe ri men tal de sign

Qu a li ta ti ve analysis of ta ken subsam ples

De ta i led analysis of phyto plank ton po pu la tion struc tu re was ma de by Carl 
Ze iss Axi o I ma ger M.1 mic ro sco pe equ ip ped with di gi tal ca me ra Axi o Cam 
MRc5 and Axi o Vi si on 4.8 soft wa re. For the iden ti fi ca tion of the par ti cu lar 
ta xa, stan dard ta xo no mic li te ra tu re was used (Hof man et al., 2013; Hu ber-Pe-
sta loz zi et al., 1983; Star mach, 1974, 1983, 1985; Po povský and Pfi e ster, 1990; 
Ettl, 1978; Komárek, 2013; Komárek and Anag no sti dis, 1998, 2005).

Qu an ti ta ti ve analysis of ta ken subsam ples

For qu an ti ta ti ve analysis of phyto plank ton, the Utermöhl’s met hod (Uter-
möhl, 1958) was ap plied using an in ver ted-mic ro sco pe Le i ca DMIL. For co-
un ting in di vi du als we re used 10 ml vo lu me Hydro-Bi os plank ton cham bers. 

The phyto plank ton bi o mass was esti ma ted from the ap pro xi ma te ge o me-
tric vo lu me of each ta xon (Hil le brand et al., 1999) and ex pres sed in mic ro gram 
per li ter (µg/l).
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Sta ti sti cal analysis

CA NO CO for Win dows, ver sion 5.0 (ter Bra ak and Smi la u er, 2012) was 
used for sta ti sti cal analysis of ex pe ri men tal re sults whe re par ti cu lar phylum 
bi o mass was set as re spon se va ri a ble, whi le ex tract con cen tra ti ons and ex pe-
ri men tal sam pling ti me we re set as ex pla na tory va ri a bles.

RE SULTS AND DI SCUS SION

A to tal of 67 al gal spe ci es clas si fied in 8 phyla (Cyano bac te ria, Ba cil la-
ri ophyta , Chlo rophyta, Chrysophyta, Cryptophyta, Di nophyta , Eu gle nophyta , 
and Xant hophyta) we re de tec ted by qu a li ta ti ve analysis of sub-sam ples. Mo re 
than a half re cor ded spe ci es we re mem bers of Chlo rophyta phylum, whi le so-
me of the phyla (Xant hophyta, Cryptophyta, Eu gle nophyta ) we re re pre sen ted 
by very few spe ci es, as well as in di vi du als.

The re sults of qu an ti ta ti ve analysis of the sub-sam ples we re ex pres sed by 
the ave ra ge va lue of the to tal se ri es (K, A, B, C) bi o mass (from 3 flasks that 
be long to the sa me se ri es in the par ti cu lar sam pling ti me), and the ir dyna mics 
are shown in Fi gu re 2.

Fi gu re 2. The ef fect of three dif fe rent con cen tra ti ons (A, B, C) of the M. spi ca tum  
ex tracts on the to tal bi o mass of the par ti cu lar se ri es du ring the ex pe ri men tal ti me
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Fi gu re 2 shows that, ac cor ding to the ex pec ta ti ons, the to tal bi o mass in 
the con trol se ri es in cre a sed du ring the ex pe ri men tal ti me (with a slight ex cep-
ti on of the first sam pling ti me), whi le all the three con cen tra ti ons of the M. 
spi ca tum ex tracts in hi bi ted the al gal growth and ca u sed bi o mass dec re a se to 
a cer tain ex tent. 

The ma xi mal growth in hi bi tion af ter the ex tract ad ding was re cor ded in 
most ca ses for the first sam pling ti me and con cen tra tion B of the ex tract: 25 g 
of pow de red plant ma te rial in 50 ml of 40% et ha nol in the first sam pling ti me 
sho wed the most po wer ful in hi bi tory ef fect alt ho ugh that was ex pec ted for 
con cen tra tion C. The ex pla na ti on of this phe no me non is that the ex trac ti on 
ef fi ci ency has its own ma xi mum which de pends on the amo unt of pow de red 
plant, as well as on the vo lu me of sol vent (et ha nol). The ex tract with con cen-
tra tion B was ob vi o usly clo ser to re ach that ma xi mum com pa red to the ex tract 
with con cen tra tion C which most li kely ex ce e ded the ma xi mal amo unt of pow-
de red plant ma te rial for the et ha nol vo lu me, so it dec re a sed its in hi bi tory ac-
ti vity. 

Af ter re ac hing the gre a test ra te of al gal growth in hi bi tion, most li kely due 
to the de com po si tion of the ac ti ve al le loc he mi cals, it co mes to the gra dual re-
co very of the sur vi ved al gal po pu la ti ons, so the re is a slight in cre a se in bi o mass 
no ted. 

Fi gu re 3. Re dun dancy analysis of the ex pe ri ment re sults (dif fe rent ex tract  
con cen tra ti ons – K, A, B, C; dif fe rent sam pling ti me ‒ 0, I, II, III)
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Re dun dancy analysis sho wed that the re are sta ti sti cally sig ni fi cant dif fe-
ren ces bet we en the con trol and the tre at ments. The first two axes ta ken to get-
her dis play 24.3% of to tal va ri a tion, and Fi gu re 3 con firms that the ex tract 
with con cen tra tion B ac hi e ved the ma xi mal in hi bi tory ef fect on to tal bi o mass 
at the first sam pling ti me. Spe a king in terms of dif fe rent sen si ti vity of al gal 
phyla, Fi gu re 3 al so in di ca tes that Cyano bac te ria is the gro up most sen si ti ve 
to the ex tract B com pa red with Chlo rophyta and Ba cil la ri ophyta , which is in 
ac cor dan ce with the re sults of Pla nas et al. (1981), Gross et al. (1996), Körner 
and Ni klisch (2002), Hilt and Gross (2008), and Švanys et al. (2013).  

Nu me ro us stu di es (Gross et al., 1996; Na kai et al., 1999; Körner and Ni-
klisch, 2002; Mul de rij et al., 2003; Hilt, 2006; Ei ge mann, 2013) al so po in ted 
that the re are dif fe ren ces in sen si ti vity to al le loc he mi cals not only in pa r ti cu-
lar phyla, but al so in dif fe rent ge ne ra, as well as spe ci es in the phylum. Alt ho-
ugh most stu di es show that Cyano bac te ria ha ve the hig hest sen si ti vity to the 
al le loc he mi cals ex trac ted from M. spi ca tum, so me spe ci es, such as Ana ba e na 
flosaqu ae, co uld be cha rac te ri zed as ex cep ti ons (Körner and Ni klisch, 2002). 
Dif fe ren ces in su scep ti bi lity among cyano bac te rial spe ci es we re al so esta blis-
hed by Na kai et al. (1999), but the re a sons for it still re ma i ned unk nown (Ei-
ge mann, 2013).

CON CLU SION

The analysis of the ob ta i ned re sults le ads to the con clu sion that dif fe rent 
con cen tra ti ons of Myri ophylu m spi ca tum ex tracts show in hi bi tory al le lo pat hic 
ef fects on al gal growth. The ra te of in hi bi tory ac ti vity is co r re la ted with the 
ex tract con cen tra tion. Be ca u se of the re du ced ex trac ti on ef fi ci ency du ring the 
pre pa ra tion of the ex tract of con cen tra tion C, the ex tract of con cen tra tion B at 
the first sam pling ti me sho wed the stron gest in hi bi tory ef fect on the to tal al gal 
bi o mass, which is con fir med by the re dun dancy analysis of the re sults of the 
ex pe ri ment.

The in hi bi tory ef fect of dif fe rent con cen tra tion ex tracts is evi dent wit hin 
all re cor ded al gal phyla, whe re Cyano bac te ria re ac hed the ma xi mum of su-
scep ti bi lity to ap plied ex tract, com pa red with Chlo rophyta and Ba cil la ri ophyta . 

Con si de ring the trend of the wor ldwi de and com pre hen si ve eu trop hi ca tion 
of wa ter bo di es ac com pa nied by fre qu ent and har mful al gal blo oms, as well 
as the advan ta ge of po ten tial al le lo pat hic con trol of this na tu ral phe no me non, 
the ob ta i ned re sults gi ve the op por tu nity for a mo re de ta i led and spe ci fic re-
se arch that will ha ve an ef fec ti ve and su sta i na ble ma na ge ment and re co very 
of wa ter bo di es as an ul ti ma te goal.
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АЛЕ ЛО ПАТ СКА АК ТИВ НОСТ ЕКС ТРАК ТА Myri ophyllum spi ca tum L. НА 
ПРИ РОД НУ ЗА ЈЕД НИ ЦУ ФИ ТО ПЛАНК ТО НА

Ма ри ја Н. ПЕ ЋИЋ, Дра га на Д. ПРЕ ДО ЈЕ ВИЋ 
Гор да на В. СУ БА КОВ СИ МИЋ

Уни вер зи тет у Бе о гра ду, Би о ло шки фа кул тет
Ин сти тут за бо та ни ку и Бо та нич ка ба шта ,,Је вре мо вац“

Та ков ска 43, Бе о град 11000, Ср би ја

РЕ ЗИ МЕ: Из ра же на еу тро фи ка ци ја вод них те ла ко ја за по сле ди цу има по ја ву 
че стог и ин тен зив ног цве та ња ал ги ко је про ду ку ју ток си не пред ста вља је дан од 
нај ве ћих про бле ма у упра вља њу и одр жа ва њу во де них еко си сте ма. На се ља ва ју ћи 
иста ста ни шта, аква тич не ма кро фи те и ал ге сту па ју у нај ра зли чи ти је ви до ве ком-
пе ти тив них од но са за ну три јен те и на ро чи то све тлост, при че му але ло па ти ја пред-
ста вља вр ло ефект ну ком пе ти тив ну стра те ги ју про тив ал ги ко је цве та ју и на тај 
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на чин сма њу ју ко ли чи ну све тло сти ко ја до ма кро фи та до спе ва. У овом ис тра жи-
ва њу ис пи ти ван је ин хи би тор ни але ло пат ски ути цај три раз ли чи те кон цен тра ци је 
ета нол ског екс трак та Myri ophyllum spi ca tum на при род не фи то планк тон ске за јед-
ни це. На кон до да ва ња екс трак та, у од ре ђе ним вре мен ским ин тер ва ли ма из ра чу на-
ва на је про сеч на вред ност би о ма се фи то планк то на од три ре пли ке. Све три кон-
цен тра ци је екс трак та Myri ophyllum spi ca tum по ка за ле су у од ре ђе ном сте пе ну ин-
хи би тор ни ефе кат на раст ал ги. Нај ја чи ин хи би тор ни ефе кат на за јед ни цу ал ги 
имао је екс тракт кон цен тра ци је 5 g/50 ml у пр вом вре ме ну узор ко ва ња. Ин хи би-
тор ни ефе кат је, та ко ђе, за па жен у окви ру свих гру па ал ги. Нај ве ћа осе тљи вост на 
до да те екс трак те уо че на је код раз де ла Cyano bac te ria у по ре ђе њу са осе тљи во шћу 
раз де ла Chlo rophyta и Ba cil la ri ophyta .

KЉУЧНЕ РЕ ЧИ: але ло па ти ја, ан ти ал гал на ак тив ност, екс тракт, Myri ophyllum 
spi ca tum L., при род на фи то планк тон ска за јед ни ца
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EF FECT OF WA TER AC TI VITY ON THE RA DIAL  
GROWTH OF FUN GI ISO LA TED FROM DRY-CU RED  

SHE EP HAM, IN VI TRO (SERBIA)

AB STRACT: In the We stern Bal kans, tra di ti o nal dry-cu red she ep ham cal led Pa str ma 
or Ste lja is pro du ced. Dry-cu red she ep ham from Sje ni ca is pro du ced in a very com plex 
man ner, and a pre re qu i si te for its pro duc tion is the sa ni tary sa fety of raw ma te ri als in ac cor-
dan ce with ve te ri nary and sa ni tary re gu la ti ons. Iso la tion and pre li mi nary iden ti fi ca tion of 
fun gi from she ep ham we re car ried out in this study, as well as in vi tro te sting of the ef fects 
of wa ter ac ti vity (aw) on the growth of iso la ted fun gi. Fun gi we re iso la ted from 9 sam ples of 
dry-cu red she ep me at ta ken from three ho u se holds in the area of Sje ni ca in two pro duc ti ve 
years (2015 and 2016). Spe ci es of ge nus Pe ni cil li um we re iso la ted as do mi nant in all the 
in ve sti ga ted sam ples. Wa ter ac ti vity was te sted on MY50GF agar from the se ri es of malt 
ex tract yeast ex tract glu co se fruc to se agar. Wa ter ac ti vity was set to va lu es of 0.87, 0.89, and 
0.97. The re sults of the re se arch sho wed that the growth of fun gal co lo ni es is un der the di rect 
in flu en ce of wa ter ac ti vity. Fun gi grew fa stest at wa ter ac ti vity of 0.97, and the hig hest 
growth of all te sted spe ci es was re cor ded af ter 3 (A. ni ger), 7 (P. pa tu lum), and 10 days (A. 
ni du lans). 

KEYWORDS: she ep ham, fun gi, wa ter ac ti vity, growth

IN TRO DUC TION

Dry-cu red she ep me at – Pa str ma or Ste lja (in Tur kish pastyrma or basty-
rma) is a cha rac te ri stic pro duct of the We stern Bal kans (Sta men ko vić and 
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De vić, 2006). It is pro du ced in the tra di ti o nal way from who le car cas ses of 
ani mals aged 1–6 years, using the me at of fat te ned ma le ca stra tes and bar ren 
she ep (Sta men ko vić and De vić, 2006).

Sje ni ca she ep Pa str ma (Ser bia) is pre pa red by cut ting the who le car cass 
from ster num to pel vis, re mo ving the head, spi nal cord and in ter nal or gans. 
Only kid neys with sur ro un ding fat are left on the car cass whi le leg mu scles 
are re mo ved for ham pro duc tion. Such bo ne less me at sal ted and dry-cu red is 
cal led Ste lja (Stoj ko vić et al., 2015). Air-drying and ri pe ning ta ke pla ce du ring 
the win ter pe riod of 4 to 6 months, whe reby me at de ve lops its cha rac te ri stic 
mic ro bi o ta that de fi nes its or ga no lep tic pro per ti es and qu a lity.

Com plex pro duc tion met hod and the fer men ta tion of the pro duct in flu-
en ce the ric hness of mic ro bi o ta which de ve lops in dry-cu red ham from Sje ni-
ca. It is mostly com po sed of lac tic acid bac te ria and co a gu la se-ne ga ti ve 
staphylo coc ci, but so me fun gi can be fo und as a part of the mic ro bi o ta as well. 
Com po si tion of mic ro bial po pu la tion de pends on mic ro or ga nisms fo und in the 
me at or in the en vi ron ment du ring the pro duc tion pro cess to the pro duct it self 
(Žu gić-Pe tro vić et al., 2016). Dried she ep me at is cha rac te ri zed by low wa ter 
ac ti vity (aw) and high con cen tra ti ons of salt, which are good con di ti ons for the 
de ve lop ment of xe rop hi lic fun gi (So njak et al., 2011).

Fun gi play an im por tant ro le in the pro duc tion of dried me at pro ducts; 
the ir growth on the sur fa ce is of ten de si ra ble so they are of ten ad ded as a star-
ter in the pro duc tion of so me me at pro ducts (Ca nel et al., 2013). Fun gi di rectly 
af fect the pro duct’s qu a lity, and can be re spon si ble for the for ma tion of spe ci-
fic ta ste and aro ma of dried me at, due to the ir li polyti c and pro teolytic  ac ti vity 
(Lu de mann et al., 2004; Sco la ri et al., 2003). Pro teolytic  chan ges oc cur ring in 
dry-cu red she ep ham can lead to an in cre a se in free ami no acids, which ser ve 
as pre cur sors of vo la ti le com po unds (Mar tin et al., 2004). Fun gi form a bar ri-
er on the sur fa ce of smo ked me at which pre vents the pe ne tra tion of light and 
oxygen in to de e per layers of the pro duct thus ma king it mo re sta ble (So njak et 
al., 2011).

Di ver sity of fun gi spe ci es gro wing on the sur fa ce of Ste lja de pends on 
the qu a lity of raw ma te ri als and hygi e nic qu a lity of the pro duc tion en vi ron-
ment. Dry-cu red me at pro ducts are cha rac te ri zed by long and com pli ca ted 
pro duc tion pro cess with each sta ge of the pro duc tion pro cess re qu i ring spe ci-
fic physi co-che mi cal con di ti ons that may ha ve a po si ti ve im pact on the growth 
of cer tain fun gi. So me con di ti ons may de ter mi ne and ac ce le ra te the de ve lop-
ment of the do mi nant fun gi spe ci es (Sco la ri et al., 2003).

The aim of this re se arch was to iso la te and pre li mi nary iden ti fi ca te the 
fun gi from dry-cu red she ep me at, as well as to in ve sti ga te the im pact of wa ter 
ac ti vity on the ir growth. Fun gi we re iso la ted from the sam ples of dry-cu red 
she ep me at – Sje ni ca she ep ham (We stern Ser bia), pro du ced with the tra di ti-
o nal met hod at three dif fe rent ho u se holds, un der iden ti cal mic roc li ma te con-
di ti ons and from the me at of Pra men ka ‒ au toc htho no us she ep spe ci es from 
Sje ni ca and Peš ter.
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MA TE RI ALS AND MET HODS

Sam ples of she ep ham

Ni ne sam ples of she ep ham we re ta ken from three pro du cers (A, B, and 
V) in the ter ri tory of Sje ni ca (We stern Ser bia) du ring two pro duc tion years 
(2015 and 2016). All sam ples we re pro du ced in the tra di ti o nal man ner wit ho ut 
the ad di tion of star ters and un der the iden ti cal mic roc li ma te con di ti ons from 
the me at of Pra men ka ‒ au toc htho no us she ep spe ci es from Sje ni ca and Peš ter. 

In the first pro duc tion year (2015) 3 sam ples we re ta ken from the pro du-
cer A. Six sam ples of she ep ham in to tal we re ta ken in the se cond pro duc tion 
year (2016), 3 from each ho u se hold of B and V. Sam pling of dry-cu red she ep 
me at was con duc ted ac cor ding to the re gu la ti ons of ge ne ral and spe ci fic food 
hygi e ne re qu i re ments at any sta ge of pro duc tion, pro ces sing and tran sport 
(Of fi cial Ga zet te RS, 72/2010).

Iso la tion and iden ti fi ca tion of fun gi

Iso la tion of fun gi from the sur fa ce of the she ep ham was con duc ted using 
dic hlo ran 18% glyce rol agar (DG18 agar) (Merck, Darm stadt). Sur fa ce of the 
te sted she ep ham was le a ned aga inst DG18 agar sur fa ce and kept for 30 se conds 
in or der to tran smit fun gal spo res from the she ep ham to the sur fa ce of the 
sub stra te. Then the sub stra te was in cu ba ted at 25 °C for 5 days. Af ter that, the 
co lo ni es for which, ba sed on the mac ro morp ho lo gi cal pro per ti es, it was as su-
med to be long to ge ne ra Pe ni cil li um, Asper gil lus, and Eu ro ti um, we re sub cul-
tu red on to the Cza pek Yeast Ex tract Agar (CYA) (Merck, Darm stadt). Ino cu-
la ted me di ums we re in cu ba ted for 7 days at 25 °C. Iso la tes for which it was 
pre su med to be long to the ge nus Mu cor we re grown on Malt Ex tract Agar 
(MEA) (Merck, Darm stadt), for 7 days at 25 °C. Ob ta i ned pu re cul tu res of 
fun gi we re iden ti fied ac cor ding to the keys for de ter mi na tion (co lony di a me ter, 
co lor and tex tu re, mic ro sco pic cha rac te ri stics – hyphae and co ni di op ho re ap-
pe a ran ce, si ze and sha pe of ve sic les, me tu lae, phi a li des, and co ni dia) de scri bed 
in li te ra tu re by Klich (2002), Sam son et al. (2004), Sam son and Fri svard (2004), 
and Pitt and Hoc king (2009). Iso la ted and iden ti fied fun gal cul tu res we re kept 
on Sa bo u raud Mal to se Agar (SMA) (Tor lak, Be o grad, Ser bia) at 4 °C as part 
of the col lec tion of the La bo ra tory for Food Mic ro bi o logy at the Fa culty of 
Tec hno logy, Uni ver sity of No vi Sad, Ser bia.

In ve sti ga tion of the ef fect of wa ter ac ti vity on the growth of fun gi 

The ef fect of dif fe rent wa ter ac ti vity va lu es (0.87 aw, 0.89 aw, and 0.97 aw) 
on the fun gal growth was te sted for the fol lo wing fun gal cul tu res: Pe ni cil li um 
corylop hi lum, Pe ni cil li um car ne um, Pe ni cil li um pa tu lum, Asper gil lus ni du lans, 
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Asper gil lus ni ger, Eu ro ti um her ba ri o rum and Mu cor ra ce mo sus iso la ted from 
dry-cu red she ep ham from Sje ni ca (We stern Ser bia).

Sub stra tes with dif fe rent aw va lu es we re pre pa red using Malt ex tract yeast 
ex tract glu co se 50% agar (MY50G) sub stra tes (Pitt and Hoc king, 1985). The 
sub stra tes with dif fe rent aw va lu es we re pre pa red by ad ding dif fe rent con cen-
tra tion of glu co se to the ba sic me di um MY50G (20% for 0.87 aw, 50% for 0.89 
aw and 60% for 0.97 aw) (Be uc hat and Hoc king, 1990). Wa ter ac ti vity va lu es 
of pre pa red sub stra tes we re te sted by using Me ter gro up INC 40515 de vi ce, in 
three re pe ti ti ons. Me dia are po u red in to Pe tri dis hes (ø90 mm TER) and cen-
trally ino cu la ted with ma tu re spo res of se ven-da y fun gi cul tu res (in cu ba ted at 
25 °C, on SMA).

Co lony growth was mo ni to red du ring 15 days at 25 °C on third, fifth, 
se venth, tenth, twelfth and fif te enth day when the di a me ter of the co lo ni es was 
me a su red using a ru ler in three re pe ti ti ons.

RE SULTS AND DISSCU SION

Spe ci es of ge nus Pe ni cil li um we re iso la ted as do mi nant in all the in ve sti-
ga ted sam ples in two pro duc tion years (2015 and 2016) (Ta ble 1). 

Ta ble 1. Iso la ted spe ci es of fun gi from the sur fa ce of she ep ham

Mo uld spe ci e s
A (2015)                      B (2016)                      V (2016)

Fre qu ency of iso la tion (%)
Pe ni cil li um car ne um 18 0 33
Pe ni cil li um ca se i ful vum 6 0 13
Pe ni cil li um con fer tum 2 30 7
Pe ni cil li um corylop hi lum 0 6 0
Pe ni cil li um cru sto sum 0 0 2
Pe ni cil li um po lo ni cum 8 40 25
Pe ni cil li um ru gu lo sum 30 0 0
Pe ni cil li um so li tum 30 0 16
Asper gil lus ni du lans 0 2 0
Asper gil lus ni ger 2 0 0
Asper gil lus pe ni cil li o i des 2 0 2
Eu ro ti um che va li e ri 0 0 2
Eu ro ti um her ba ri o rum 2 4 0
Mu cor ra ce mo sus 0 13 0
Mu cor plum be us 0 5 0
Three pro du cers in two pro duc tion years A (2015); B (2016); V (2016).
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Mac ro morp ho lo gi cal cha rac te ri stics of so me of the iso la ted types of fun-
gi are shown in Fi gu re 1 and 2. M. ra ce mo sus for med wavy, whi te co lo ni es on 
the SMA. Co lo ni es of E. che va li e ri we re yel low-oc her with an ele va ted cen ter 
in the mid dle and ir re gu lar ed ges. A. ni ger for med a com pact whi te myce li um 
with a thick layer of dark brown to black co ni cal he ads. Co lo ni es of P. corylop
hi lum had dark-green fa sci cu lus tex tu re (co ni di op ho re bun dles) with pro no un-
ced co re mi as in the cen tral part and with the pre sen ce of a co lor less exu da te. 
P. car ne um for med fluffy, pi stac hio green co lo ni es with con cen tric cir cles and 
ra dial folds on CYA. Co lo ni es of P. po lo ni cum we re fluffy, blue-green in co lor, 
with a red dish-brown pig ment in the ba se.

Fi gu re 1. M. ra ce mo sus on SMA (a), E. che va li e ri on CYA (b), A. ni ger on CYA (c)

Fi gu re 2. P. corylop hi lum on CYA (a), P. car ne um on CYA (b), P. po lo ni cum on CYA (c)

The ob ta i ned re sults are con si stent with stu di es of ot her aut hors. So njak 
et al. (2011) in the ir work hig hlig hted the im por tan ce of Pe ni cil li um ge nus as 
the lar gest part of the sur fa ce mic ro bi o ta in all the stu died dry me at pro ducts. 
Pe ni cil li um spe ci es ha ve al so been con fir med in a lar ge per cen ta ge (88.3%) in 
the Nor we gi an smo ked me at pro ducts, whe re Pe ni cil li um nal gi o ven se was the 
do mi nant spe ci es (Ase fa et al., 2009). To le da no et al. (2011) pro ved the good 
po ten tial of P. nal gi o ven se as a star ter cul tu re which was iso la ted from the ham.

Mic ro bi o ta iso la ted from San Da ni e le dry ham was lar gely com pri sed of 
2 ge nus Pe ni cil li um spp. and Asper gil lus spp., which we re fo und du ring the 
ri pe ning pro cess (Co mi et al., 2013).

Among the 65 analyzed dry hams, Asper gil lus and Pe ni cil li um we re the 
do mi nant ge ne ra (Ro jas et al., 1991). Asper gil lus spp. pri ma rily con si sted of 
Asper gil lus gla u cus, Asper gil lus fu mi ga tus, Asper gil lus ni ger, and Asper gil lus 
fla vus (Ro jas et al., 1991). Asper gil lus spe ci es we re pre sent in all sam ples of 
Sje ni ca dry-cu red she ep ham. E. her ba ri o rum and M. ra ce mo sus we re iso la ted 
to a les ser ex tent. In the re se arch of fun gi from Is tria ham, Co mi et al. (2004) 
iden ti fied fi ve ge ne ra, whe re Eu ro ti um spp., Asper gil lus spp. and Pe ni cil li um 

a) b) c)

a) b) c)
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spp. we re most fre qu ently iso la ted from ham sam ples. Eu ro ti um stra ins iso la-
ted from Ne bro di hams, E. her ba ri o rum, Eu ro ti um ru brum and Eu ro ti um 
cri sta tum ha ve been de tec ted (Ber ni et al., 2012).

Growth of  fun gi is in flu en ced by a va ri ety of en vi ron men tal or in trin sic 
fac tors, such as the com po si tion of the pro duct, pH, and tem pe ra tu re. Wa ter 
ava i la bi lity is pro bably the sin gle most im por tant en vi ron men tal fac tor af fec-
ting ger mi na tion, growth, and esta blis hment on nu tri ent-rich sub stra tes of 
fun gi (Dan tigny et al., 2005). 

Tem pe ra tu re and aw are the most im por tant fac tors that de ter mi ne the 
abi lity of fun gi to grow in me at pro ducts (Dan tigny et al., 2005).

The ef fect of aw to iso la ted stra ins of fun gi P. corylop hi lum, P. car ne um, 
P. pa tu lum, A. ni du lans, A. ni ger, E. her ba ri o rum and M. ra ce mo sus are shown 
in Fi gu re 3.

Pe ni cil li um corylop hi lum

Pe ni cil li um car ne um
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Pe ni cil li um pa tu lum

Asper gil lus ni du lans

Asper gil lus ni ger
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Eu ro ti um her ba ri o rum

Mu cor ra ce mo sus

Fi gu re 3. Co lony di a me ters of te sted fun gi on me di um with dif fe rent aw va lu es

Ta ble 2. Mean va lue and SD of co lony di a me ters on me di um with dif fe rent aw va lu es af-
ter 15 days of growth

Fun gi aw 0.97% aw 0.89 aw 0.87

P. corylop hi lum
P. car ne um
P. pa tu lum
A. ni du lans
A. ni ger
E. her ba ri o rum
M. ra ce mo sus

5.58±2.10
6.58±2.67
7.26±3.22
7.26±3.22
7.5±2.64
8.66±2.6
6.55±2.98

1.43±0.71
1.43±0.57
1.66±1.17
1.66±1.7
3.16±2.0
3.73±2.0
2.63±1.63

1.04±0.60
0.51±0.41
0.55±0.46
0.55±0.46
1.51±1.32
1.81±1.44
1.40±1.16

The growth of fun gi iso la ted from the dry-cu red she ep me at was un der 
the di rect in flu en ce of wa ter ac ti vity (Ta ble 2). All iso la tes grew well at the 
wa ter ac ti vity of 0.97. The ma xi mum growth of P. pa tu lum, A. ni ger, and E. 
her ba ri o rum was re ac hed in 7 days, whi le the iso la tes of P. corylop hi lum, P. 
car ne um, and M. ra ce mo sus re ac hed the ir ma xi mum af ter 15 days. 
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Growth re duc tion of the iso la ted fun gi at lo wer aw va lu es was mo re no ti-
ce a ble (Ta ble 2). Thus, in the ma jo rity of fun gal iso la tes ger mi na tion of spo res 
was com ple tely in hi bi ted the first 5 (A. ni du lans, P. pa tu lum) and 3 days (P. 
corylop hi lum, P. car ne um, A. ni ger and M. ra ce mo sus) at the va lue of a of 0.87 
(Fi gu re 3). 

The ef fect of 0.89 aw in flu en ced the growth of the iso la tes less when com-
pa red to the growth at 0.87 aw. At 0.89 aw in the first few days of growth the 
di a me ter of the co lo ni es was ob ser ved to be 0.2 (P. pa tu lum) to 1.5 cm (E. 
her ba ri o rum). Af ter 15 days of in cu ba tion co lony di a me ter of P. corylop hi lum, 
P. car ne um, and P. pa tu lum iso la tes va ried from 2 (P. car ne um) to 3.2 cm (P. 
pa tu lum) (Fi gu re 3). 

The re sults show that the growth of E. her ba ri o rum was le ast af fec ted by 
aw va lue. The si ze of co lo ni es in all te sted aw had the sa me va lue af ter 12 and 
15 days of in cu ba tion (Fi gu re 3).

Gib son et al. (1994) stu died the ef fect of aw on the growth of fun gi by using 
ten dif fe rent wa ter ac ti vi ti es (aw) bet we en 0.995 and 0.810, adju sted with equ al 
mix tu res of glu co se and fruc to se at 30 °C to Asper gil lus ge nus fla vi (A. fla vus, 
A. oryzae, A. pa ra si ti cus and A. no mi us). In the ir pa per they pre dic ted the growth 
of co lo ni es and pro ved that the co lony di a me ter for each dif fe rent aw va lue chan-
ged abo ut 3mm on the ave ra ge. The di a me ters of the co lo ni es we re bet we en 7.8 
(10th day) to 10 cm (15th day). Gib son et al. (1994) po in ted out that the mi ni mum 
wa ter ac ti vity for the growth of A. fla vus ran ged from 0.81 to 0.95. 

CON CLU SION

Do mi nant spe ci es of fun gi we re iso la ted and iden ti fied by using sam ples 
of dry-cu red she ep ham from We stern Bal kans. They in clu de stra ins from the 
ge ne ra Pe ni cil li um, Asper gil lus, Eu ro ti um, and Mu cor (P. corylop hi lum, P. 
car ne um, P. pa tu lum, A.s ni du lans, A. ni ger, E. her ba ri o rum, and M. ra ce mo
sus). The growth of fun gi iso la ted from the dry-cu red she ep me at was un der 
the di rect in flu en ce of wa ter ac ti vity as one of the most im por tant in trin sic 
growth fac tors. In the te sted ran ge of 0.87 to 0.97 aw, the growth of the te sted 
fun gi and co lony di a me ter dec re a sed as aw dec re a sed.
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УТИ ЦАЈ АК ТИВ НО СТИ ВО ДЕ НА РА ДИ ЈАЛ НИ РАСТ ПЛЕ СНИ ИЗО ЛО-
ВА НИХ ИЗ ОВ ЧИ ЈЕ СТЕ ЉЕ, IN VI TRO (СР БИ ЈА)

Та ња Д. ЖУ ГИЋ ПЕ ТРО ВИЋ1, Дра га на М. СТА НИ СА ВЉЕ ВИЋ1, Пре драг Д. 
ИЛИЋ1, Ка та ри на Г. МЛА ДЕ НО ВИЋ2, Мир ја на Ж. МУ РУ ЗО ВИЋ2, Сун чи ца Д. 

КО ЦИЋ ТА НАЦ КОВ3, Љи ља на Р. ЧО МИЋ2

1 Ви со ка по љо при вред но-пре храм бе на шко ла – Про ку пље
Пре храм бе на тех но ло ги ја

Ћи ри ла и Ме то ди ја 1, Про ку пље 18400, Ср би ја
2 Уни вер зи тет у Кра гу јев цу

При род но-ма те ма тич ки фа кул тет
Да парт ман за би о ло ги ју и еко ло ги ју 

Ра до ја До ма но ви ћа 12, Кра гу је вац 34000, Ср би ја
3 Уни вер зи тет у Но вом Са ду, Тех но ло шки фа кул тет

Ка те дра за ин же њер ство кон зер ви ра не хра не
Бу ле вар ца ра Ла за ра 1, Но ви Сад 21000, Ср би ја

РЕ ЗИ МЕ: На за пад ном Бал ка ну про из во ди се традиционалнo су ше но ов чи-
је ме со ко ја се на зи ва па стр ма или сте ља. Ов чи ја сте ља са под руч ја Сје ни це 
(За пад на Ср би ја) про из во ди се на ве о ма сло жен на чин, а пред у слов за про из вод-
њу ме са је хи ги јен ска си гур ност си ро ви на ко ја ис пу ња ва ве те ри нар ске и са ни-
тар не усло ве про из вод ње. У ра ду је вр ше на изо ла ци ја и пре ли ми нар на ка те го ри-
за ци ја, као и ис пи ти ва ње in vi tro ефе ка та ак тив но сти во де (аw) на раст пле сни из 
су вог ме са ов чи јег тру па (ов чи ја сте ља). За по тре бе ис тра жи ва ња ко ри шће но је 
де вет узо ра ка ов чи јег су вог ме са узе тих из три до ма ћин ства у две про из вод не 
го ди не (2015, 2016) с под руч ја Сје ни це. Изо ло ва но је и иден ти фи ко ва но се дам 
раз ли чи тих вр ста пле сни и то: Pe ni cil li um corylop hi lum, Pe ni cil li um car ne um, Pe
ni cil li um pa tu lum, Asper gil lus ni du lans, Asper gil lus ni ger, Eu ro ti um her ba ri o rum и 
Mu cor ra ce mo sus. Ак тив ност во де ис тра жи ва на је на MY50GF агру из се ри је 
под ло га Малт екс тракт ква сац екс тракт глу ко за фрук то за ага ра. Ак тив ност во де 
је по де ше на на вред но сти од 0,87; 0,89 и 0,97. Ре зул та ти ис тра жи ва ња су по ка за-
ли да је раст ко ло ни ја под ди рект ним ути ца јем ак тив но сти во де. Пле сни су нај-
бр же ра сле при ак тив но сти во де од 0,97 aw, при че му је код свих ис пи ти ва них 
вр ста нај ве ћи по раст за бе ле жен из ме ђу 3 (A. Ni ger), 7 (P. pa tu lum) и 10 да на (A. 
ni du lans). 

КЉУЧ НЕ РЕ ЧИ: ов чи ја сте ља, пле сни, ак тив ност во де, бр зи на ра ста 
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EN VI RON MEN TAL ANALYSIS OF CON SER VA TI O NALLY 
SIG NI FI CANT Eu me rus AND Platyche i rus SPE CI ES

(Dip te ra: Syrp hi dae) IN SER BIA

AB STRACT: Due to ra i sing en vi ron men tal pres su res, the num ber of spe ci es ex po sed 
to risk of ex tin cti on is al so in cre a sing. One of the first steps in spe ci es pre ser va tion is the ir 
le gal pro tec tion. Ho we ver, it is im pos si ble to pro tect all spe ci es, the re fo re, con ser va tion 
pri o ri ti es are to be esta blis hed. The aim of this study was to analyze the en vi ron men tal nic-
hes of spe ci es from two ge ne ra: Eu me rus Me i gen, 1822 and Platyche i rus le Pe le ti er et Ser-
vil le, 1828 re cog ni zed as im por tant for con ser va tion in Ser bia (strictly pro tec ted and pro-
tec ted ac cor ding to na ti o nal le gi sla tion or ones to be sug ge sted for fu tu re pro tec tion). For 
spe ci es of ge ne ra Eu me rus and Platyche i rus, di stri bu ti o nal pat terns in re la tion to al ti tu de, 
an nual pre ci pi ta tion and an nual mean tem pe ra tu re we re esta blis hed. In or der to com pa re 
en vi ron men tal nic hes of the se spe ci es, Prin ci pal Com po nent Analysis (PCA) was car ried 
out, which in di ca ted par tial over lap of the en vi ron men tal nic hes of the se two ge ne ra, but 
Platyche i rus spe ci es se e med to be bet ter adap ted to har sher con di ti ons. Spe ci es ric hness 
maps in di ca ted that for Eu me rus the most spe ci es-rich are as we re Bač ka and mo un ta ins of 
Ea stern Ser bia, whi le Di na ric mo un ta ins in We stern Ser bia we re rich in spe ci es of both ge-
ne ra. Pro tec ting ha bi tats with dif fe rent com bi na tion of cli ma tic con di ti ons will con tri bu te 
to pro tec tion and con ser va tion of spe ci es with dif fe rent en vi ron men tal pre fe ren ces.

KEYWORDS: con ser va tion, en vi ron men tal nic hes, ho ver fli es, PCA, pro tec ted spe-
ci es 

IN TRO DUC TION

Glo bal bi o di ver sity is con stantly be ing lost as a re sult of dif fe rent chan ges 
in the en vi ron ment (Tho mas et al., 2004). Due to the se chan ges, it is an ti ci pa ted 
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that the ex tin cti on risk for many spe ci es in the fu tu re will in cre a se (Bel lard et 
al., 2012). Tra its ma king spe ci es par ti cu larly pro ne to en vi ron men tal per tur-
ba ti ons are nar row ran ge, li mi ted dis per sal ca pa city, low re pro duc ti ve po wer, 
and high le vel of spe ci a li sa tion to wards the par ti cu lar ha bi tat type. Spe ci es 
with re stric ted ran ge, such as en de mic spe ci es, pos sess most of the se tra its, 
which ma kes them espe ci ally sen si ti ve (Wulf et al., 2013).

Ho ver fli es are a Dip te ran fa mily, with ap pro xi ma tely 6,000 species de-
scri bed wor ldwi de, of which 1,200 oc cur in Eu ro pe (Pa pe et al., 2011). In Ser-
bia, aro und 400 spe ci es ha ve been re gi ste red so far, ma king this re gion one of 
the most spe ci es-rich in terms of ho verfly di ver sity (Vu jić, pers. comm.). Syrp-
hids are im por tant not only be ca u se of the ir pol li na tor ro le (Pe ta ni dou et al., 
2011), but al so be ca u se they ha ve the po ten tial to be used as bi o in di ca tors, 
re flec ting the po ten tial en vi ron men tal per tur ba ti ons thro ugh the chan ges in 
the ir pre sen ce and/or abun dan ce (Rot he ray and Gil bert, 2011).

One of the first steps in spe ci es pre ser va tion is the ir le gal pro tec tion. Ho-
we ver, it is im pos si ble to pro tect all spe ci es, the re fo re, con ser va tion pri o ri ti es 
are to be esta blis hed. In Ser bia, ac cor ding to the Code on the dec la ra tion and 
pro tec tion of strictly pro tec ted and pro tec ted wild spe ci es of plants, ani mals 
and fun gi, 33 spe ci es of ho ver fli es are dec la red strictly pro tec ted, whi le 44 
spe ci es are de fi ned as pro tec ted. In ad di tion, Vu jić et al. (2016) de sig na ted 102 
en de mic or en dan ge red spe ci es for po ten tial fu tu re pro tec tion using ex pert-ge-
ne ra ted, cri te ria-dri ven ap pro ach.

This pa per fo cu ses on tar get spe ci es (strictly pro tec ted, pro tec ted or the 
ones sug ge sted for fu tu re pro tec tion) from two ge ne ra: Eu me rus Me i gen, 1822 
and Platyche i rus le Pe le ti er et Ser vil le, 1828. Ge nus Eu me rus is one of the 
lar gest phytop ha go us ge ne ra in the Pa le arc tic re gion, with 140 spe ci es (Peck, 
1988). Wit hin this ge nus the re are 9 pro tec ted spe ci es or the ones de sig na ted 
for po ten tial pro tec tion in Ser bia. On the ot her hand, ge nus Platyche i rus is 
al so one of the most nu me ro us ge ne ra, with mo re than 50 spe ci es pre sent in 
Eu ro pe, but with zo op ha go us type of lar val de ve lop ment (Spe ight, 2015). In 
Ser bia, 11 spe ci es ha ve been mar ked as sig ni fi cant or en dan ge red and de sig-
na ted for po ten tial pro tec tion. Both spe ci es gro ups ha ve an im por tant ro le in 
ecosystems. As so ci a tion of phytop ha go us ho verfly spe ci es with bul bo us plants 
sup ports the pol li na tion of the se spe ci es. It has been ob ser ved that Syrp hids 
pre do mi nantly pol li na te tho se plant spe ci es on which they grow (Van Eck, 
2016). On the ot her hand, spe ci es with zo op ha go us lar vae can ha ve sig ni fi cant 
con tri bu tion to bi o lo gi cal con trol of pests (Whi te et al., 1995).

If spe ci es pro tec tion is go ing to ha ve a prac ti cal ap pli ca tion, not just the 
the o re ti cal one, it is im por tant to know bi o logy and eco logy of the se spe ci es 
in or der to con duct ap pro pri a te con ser va tion me a su res for the ir pre ser va tion, 
if ne e ded. Ge ne ral aims of this study we re to (I) analyze and com pa re the en-
vi ron men tal nic hes of Eu me rus and Platyche i rus spe ci es de sig na ted as im por-
tant for con ser va tion in Ser bia, and (II) to esta blish re gi ons in Ser bia with the 
hig hest di ver sity of the se spe ci es. Spe ci fic aim was to in spect the dif fe ren ces 
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in en vi ron men tal nic hes of the spe ci es with the dif fe rent type of lar val de ve-
lop ment, con si de ring that Platyche i rus spe ci es ha ve lar vae that are zo op ha go-
us, con trary to Eu me rus with phytop ha go us lar val type.

MA TE RIAL AND MET HODS

Se lec tion of spe ci es was ba sed on na ti o nal le gi sla ti ve (whe re pro tec ted 
and strictly pro tec ted spe ci es we re se lec ted) and a re cent study of Vu jić et al. 
(2016) (con cer ning spe ci es that are go ing to be pro po sed for fu tu re pro tec tion). 
For se lec ted spe ci es of ge ne ra Eu me rus and Platyche i rus analyses of spe ci es 
re la tion to al ti tu de, an nual pre ci pi ta tion and an nual mean tem pe ra tu re we re 
con duc ted. In or der to analyze en vi ron men tal nic hes of im por tant spe ci es from 
the se two ge ne ra, PCA analysis was con duc ted to re du ce the num ber of used  
bi oc li ma tic va ri a bles (de ta ils on used va ri a bles are ava i la ble at http://www.
worldclim.org/bi oc lim) in to a smal ler num ber of prin ci pal com po nents (PC 
axes) that ac co unt for most of the va ri an ce. PCA was car ried out applying a 
nor mal va ri max ro ta tion of fac tor lo a dings. Prin ci pal com po nents with ei gen-
va lue gre a ter than one we re re ta i ned as pre dic tor va ri a bles. Va ri a bles with a 
fac tor lo a ding gre a ter than 0.7 we re in ter pre ted as me a ning fully cor re la ted 
with PC axes. A scat ter plot of PCA sco re va lu es was used to grap hi cally dis-
play the po si tion of the analyzed spe ci es in en vi ron men tal spa ce. All analyses 
we re con duc ted using Sta ti sti ca (Stat Soft, Inc. v. 13.2).

To dis play the di stri bu tion of im por tant Eu me rus and Platyche i rus spe-
ci es, as well as to ma ke spe ci es ric hness maps, soft wa re pac ka ge Arc GIS 
(Arc GIS 10, ESRI) was used.

RE SULTS AND DI SCUS SION

Re sults of analysis in re la tion to al ti tu de for Eu me rus spe ci es sho wed that 
Eu me rus gran dis Me i gen, 1822 is adap ted to the lar gest al ti tu di nal ran ge (300–
1,500 m), fol lo wed by Eu me rus cla va tus Bec ker, 1923 (150–800 m). Three 
spe ci es, E. ba na ti cus in litt, E. ba sa lis Lo ew, 1848, and E. pa no ni cus Ri car te, 
Vu jić et Ra den ko vić, 2016 can only be fo und in the low land re gi ons (0–100 m). 
When it co mes to Platyche i rus spe ci es, Platyche i rus ni el se ni (Du sek et La ska), 
1976 has the lar gest al ti tu di nal ran ge (700–2,000 m). Most of the spe ci es can 
be fo und at al ti tu des over 1,000 m (Fi gu re 1 A,B).
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 Fi gu re 1. Eu me rus (A) and Platyche i rus (B) spe ci es in re la tion to al ti tu de

Con si de ring an nual pre ci pi ta tion, most of the spe ci es of ge nus Eu me rus 
pre fer mo re arid ha bi tats (600–800 mm). In con trast, most of the Platyche i rus 
spe ci es pre fer hu mid are as (800–1,000 mm) (Fi gu re 2 A,B). Again, Eu me rus 
gran dis and Platyche i rus ni el se ni sho wed the lar gest va ri a tion re gar ding this 
pa ra me ter.

B

A
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Fi gu re 2. Eu me rus (A) and Platyche i rus (B) spe ci es in re la tion to an nual pre ci pi ta tion

En vi ron men tal analysis of spe ci es in re la tion to an nual mean tem pe ra tu-
re sho wed that most Eu me rus spe ci es pre fer are as with an nual mean tem pe ra-
tu re abo ve 7 °C, with Eu me rus gran dis be ing the most to le rant spe ci es to 
va ri a ti ons (Fi gu re 3A). Ho we ver, the ma jo rity of Platyche i rus spe ci es can to-
le ra te tem pe ra tu res bet we en 2.5 and 7 °C, and can be fo und in col der are as 
(Fi gu re 3B). In ca se of va ri a tion of an nual mean tem pe ra tu re, Platyche i rus 
ni el se ni again sho wed hig hest to le ran ce.

A

B
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Fi gu re 3. Eu me rus (A) and Platyche i rus (B) spe ci es in re la tion  
to an nual mean tem pe ra tu re

Re sults of PCA analysis and sig ni fi cant va ri a bles iden ti fied by it we re in 
ac cor dan ce with known bi o logy of the spe ci es of both ge ne ra. First PC axis 
ex pla i ned 72% and se cond 18% of va ri a bi lity. All tem pe ra tu re va ri a bles from 
PC1 axis we re po si ti vely cor re la ted, whi le most of pre ci pi ta tion va ri a bles we-
re ne ga ti vely cor re la ted. Al so, tem pe ra tu re va ri a bles from se cond PC we re 
po si ti vely cor re la ted, whi le pre ci pi ta tion va ri a ble sho wed ne ga ti ve cor re la tion 
(Ta ble 1). 

B

A



83

Table 1. Principal component analysis of bioclimatic variables for Eumerus and Platychei
rus species. Factor loading values higher than ±0.7 are marked in bold.

Scat ter plot used to dis play the po si tion of analysed spe ci es in en vi ron-
men tal spa ce sho wed that en vi ron men tal nic hes of ge ne ra Eu me rus and 
Platyche i rus over lap to so me ex tent, but the re are so me sig ni fi cant dif fe ren ces 
(Fi gu re 4). 
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Fi gu re 4. En vi ron men tal nic he com pa ri son among analyzed  
Eu me rus and Platyche i rus spe ci es

Ac cor ding to the PCA analysis, most of Eu me rus spe ci es pre fer hig her 
tem pe ra tu res and lo wer le vels of pre ci pi ta tion. Fi gu res 2A and 3A con firm this 
no tion. In deed, most of the se spe ci es are ther mop hi lo us and can be fo und in 
gras slands and at the bor ders of wo ods and bus hes (Van Veen, 2004), in which 
they se ek warm and sunny pla ces to rest (Spe ight, 2015). Spe ci es from ge nus 
Eu me rus are wi dely di stri bu ted in Pa la e arc tic, Afro tro pi cal, Ori en tal and Au-
stra lian re gion (Stac kel berg, 1961). In Eu ro pe, Eu me rus spe ci es are pre do mi-
nantly di stri bu ted in Me di ter ra nean re gion (Ri car te et al., 2008) in di ca ting the 
pre fe ren ce of the se spe ci es to wards war mer and mo re arid con di ti ons. Con tra-
stingly, Platyche i rus spe ci es can to le ra te lo wer tem pe ra tu res and mo re pre ci pi-
ta tion. Many of them stay ac ti ve du ring rainy and cold we at her and ob ser va ti ons 
sug gest that lo wer tem pe ra tu res are op ti mal for this ge nus (Van Veen, 2004). 
Most of the spe ci es are di stri bu ted in Ne arc tic Re gion (Voc ke roth, 1990), whi le 
Eu ro pean ones are mostly di stri bu ted in the nort hern parts of the con ti nent, or 
on high mo un ta ins of cen tral and so ut hern part of Eu ro pe (Spe ight, 2015). Flight 
pe riod for analysed spe ci es of this ge nus starts from the be gin ning of April and 
lasts un til Oc to ber (Spe ight, 2015), which con firms that Platyche i rus spe ci es can 
to le ra te lo wer tem pe ra tu res. Ove rall, Platyche i rus spe ci es se em to be adap ted 
to har sher con di ti ons. This fact co uld al so be con nec ted with dif fe rent types of 
lar val de ve lop ment of spe ci es from the se two ge ne ra. Lar vae of the ge nus Eu
me rus are phytop ha go us, de ve lo ping in the bulbs of plants, thus strictly con nec-
ting the de ve lop ment of the se spe ci es with the pe riod of de ve lop ment of the ir 
host plant, which is again de pen dant on tem pe ra tu re. On the ot her hand, Platyche
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i rus spe ci es ha ve zo op ha go us (ap hi dop ha go us) lar vae and are not con di ti o ned 
by the ti me of ap pe a ran ce of the host plants and the re fo re are in di rectly less 
de pen dent on we at her con di ti ons, which may vary from se a son to se a son.

Analyses of en vi ron men tal nic hes ha ve been pro ved use ful in many ot her 
ca ses. Ex cept for re ve a ling the en vi ron men tal pre fe ren ces of spe ci es, this type 
of analysis was used for de li mi ting spe ci es bor ders among clo sely re la ted spe-
ci es. In the ge nus Me ro don (Me i gen, 1803), PCA analysis of cli ma tic pro fi les 
of spe ci es con tri bu ted in di sco ve ring se ve ral cryptic spe ci es among them 
(Ačan ski, 2017), whi le for the ge nus Chryso to xum (Me i gen, 1803) this analysis, 
in com bi na tion with ge o me tric morp ho me try and ge ne tic analyses, hel ped 
iden tify dif fe ren ces bet we en two morp hotypes (Ne delj ko vić et al., 2015). It is 
worth men ti o ning that the analysed spe ci es of Me ro don (with phytop ha go us 
lar vae) and Chryso to xum (ha ving ap hi dop ha go us lar vae) did not show con stant 
pat tern re gar ding cli ma tic pre fe ren ces, thus in di ca ting that ot her bi o lo gi cal and 
eco lo gi cal tra its of spe ci es, ex cept the type of lar val de ve lop ment, are con nec-
ted with cli ma tic pre fe ren ces. 

Fi gu re 5 shows the di stri bu tion of analyzed spe ci es of two ge ne ra in Ser-
bia. Spe ci es ric hness maps cre a ted in or der to de ter mi ne the are as with the 
hig hest num ber of spe ci es sho wed that for Eu me rus most spe ci es rich are as 
we re Bač ka (we stern part of Voj vo di na), mo un ta ins of Ea stern Ser bia, and 
Di na ric mo un ta ins in We stern Ser bia (Fi gu re 6A). The last one co in ci des with 
the area ric hest in Platyche i rus spe ci es (Fi gu re 6B). 

Fi gu re 5. Di stri bu tion of con ser va ti o nally sig ni fi cant Eu me rus and Platyche i rus
spe ci es in Ser bia.
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Fi gu re 6. Spe ci es ric hness map of analyzed (A) Eu me rus and (B) Platyche i rus spe ci es. 
Dar ker are as in di ca te hig her spe ci es ric hness 

CON CLU SION

Our re sults con firm that con ser va ti o nally sig ni fi cant Eu me rus and 
Platyche i rus spe ci es ha ve dif fe rent eco lo gi cal pre fe ren ces. Ad di ti o nally, they 
are di stri bu ted in dif fe rent re gi ons ac ross Ser bia. The re fo re, it is im po r tant to 
pre ser ve and pro tect dif fe rent types of ha bi tats, which ha ve dif fe rent com bi-
na ti ons of su i ta ble cli ma tic con di ti ons.  Pro tec tion of the se ha bi tats will con-
tri bu te to spe ci es pro tec tion and con ser va tion.
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АНА ЛИ ЗА ФАК ТО РА ЖИ ВОТ НЕ СРЕ ДИ НЕ Eu me rus И Platyche i rus ВР СТА 
(Dip te ra: Syrp hi dae) ЗНА ЧАЈ НИХ ЗА КОН ЗЕР ВА ЦИ ЈУ

У СР БИ ЈИ

Ма ри на А. ЈАН КО ВИЋ1, Ма ри ја С. МИ ЛИ ЧИЋ2, Је ле на М. АЧАН СКИ2, 
Ми лош Д. МИ КЉА1, Сне жа на Р. РА ДЕН КО ВИЋ1, Ан те А. ВУ ЈИЋ1, Ду брав ка М. 

МИ ЛИЋ1

1 Уни вер зи тет у Но вом Са ду, При род но-ма те ма тич ки фа кул тет
Де парт ман за би о ло ги ју и еко ло ги ју 

Трг До си те ја Об ра до ви ћа 2, Но ви Сад 21000, Ср би ја
2 Уни вер зи тет у Но вом Са ду, Би о Сенс ин сти тут

Ис тра жи вач ко-раз вој ни ин сти тут за ин фор ма ци о не тех но ло ги је би о си сте ма 
Трг Др Зо ра на Ђин ђи ћа 1, Но ви Сад 21000, Ср би ја

РЕ ЗИ МЕ: Услед ра сту ћих при ти са ка сре ди не, број вр ста из ло же них ри зи ку 
од из у ми ра ња је та ко ђе у по ра сту. Је дан од пр вих ко ра ка у очу ва њу вр ста је сте њи-
хо ва ле гал на за шти та. Ме ђу тим, не мо гу ће је за шти ти ти све вр сте, сто га је нео п-
ход но уста но ви ти кон зер ва ци о не при о ри те те. Циљ овог ра да је ана ли за кли мат ских 
про фи ла вр ста из два ро да: Eu me rus Me i gen, 1822 и Platyche i rus le Pe le ti er et Ser vil-
le, 1828 ко је су пре по зна те као зна чај не за кон зер ва ци ју у Ср би ји (за шти ће не и 
стро го за шти ће не вр сте на осно ву на ци о нал ног за ко но дав ства или вр сте ко је ће 
би ти пред ло же не за за шти ту у бу дућ но сти). За вр сте ро до ва Eu me rus и Platyche i rus 
уста но вље ни су ди стри бу ци о ни обра сци у од но су на над мор ску ви си ну, го ди шњу 
пре ци пи та ци ју и про сеч ну го ди шњу тем пе ра ту ру. У ци љу по ре ђе ња кли мат ских 
ни ша ових вр ста, спро ве де на је ана ли за глав них ком по нен ти (PCA), ко ја је ука за ла 
на де ли мич но пре кла па ње сре дин ских ни ша вр ста ова два ро да, док су вр сте ро да 
Platyche i rus из гле да бо ље при ла го ђе не на оштри је усло ве сре ди не. Ма пе бо гат ства 
вр ста по ка за ле су да су под руч ја нај бо га ти ја вр ста ма ро да Eu me rus Бач ка и пла ни-
не ис точ не Ср би је, док су ди нар ске пла ни не у за пад ној Ср би ји под руч ја нај бо га ти-
ја вр ста ма оба ро да. За шти та ста ни шта ко ја има ју раз ли чи ту ком би на ци ју кли мат-
ских усло ва до при не ће за шти ти и очу ва њу вр ста са раз ли чи тим кли мат ским пре-
фе рен ца ма.

КЉУЧ НЕ РЕ ЧИ: кон зер ва ци ја, сре дин ске ни ше, осо ли ке му ве, PCA, за шти-
ће не вр сте
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DE TER MI NA TION OF INOR GA NIC ANI ONS IN HER BAL 
TEA IN FU SI ONS USING ION CHRO MA TO GRAPHY

ABSTRACT: The io nic con tent was exa mi ned in ni ne aqu e o us tea ex tracts in which 
ti me of bo i ling, aci di fi ca tion of the me di um using le mon ju i ce and way of pre pa ra tion we re 
ob ser ved as fac tors. Ion chro ma to graphy was used for de ter mi na tion of inor ga nic anion 
con tent, and da ta we re pro ces sed using CA NO CO pro gram for mul ti va ri a te analysis. The 
va ri a ti ons in io nic con tent we re ob ser ved among dif fe rent tea sam ples. The hig hest con cen-
tra ti ons of chlo ri de, ni tra te, phosp ha te, and sulp ha te ions we re fo und in net tle, whi le the 
hig hest con cen tra ti ons of flu o ri des we re de tec ted in el der flo wer tea in fu sion. The ef fect of 
bo i ling ti me (5, 10, and 20 min), aci di fi ca tion of the me di um and dif fe rent pre pa ra tion pro-
ce du re (bo i ling and co o ling at ro om tem pe ra tu re) we re sta ti sti cally pre sen ted using prin ci-
pal com po nent analysis. The exa mi ned fac tors did not ha ve a sig ni fi cant ef fect on the io nic 
con cen tra tion in tea in fu si ons.

KEYWORDS: her bal tea, inor ga nic ani ons, ion chro ma to graphy, prin ci pal com po nent 
analysis, tea in fu sion

IN TRO DUC TION

No wa days, tra di ti o nal met hods of tre at ment that re pla ce synthe tic phar-
ma ce u ti cals are in cre a singly used. One of such tra di ti o nal tre at ment met hods 
in clu des phytot he rapy, which in vol ves the use of her bal te as, mo re pre ci sely, 
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her bal tea in fu si ons (Pohl et al., 2016; Pytla kow ska et al., 2012; Martín-Do-
min goa et al., 2017). Her bal tea in fu sion re pre sents a com bi na tion of bo i ling 
wa ter and dif fe rent parts of a plant, such as le a ves, flo wers, ber ri es, se eds, 
ro ots, se pa ra tely or com bi ned (Al tin tig et al., 2013; Eme kli et al., 2009; Ka ra, 
2009; Pohl et al., 2016). The se in fu si ons are of ten con su med as an al ter na ti ve 
or non-con ven ti o nal me di ca ments for the ir physi cal or me di ci nal ef fects, espe-
ci ally for the ir sti mu lant, re la xant or se da ti ve pro per ti es, hel ping thus in the 
tre at ment of dif fe rent di se a ses (Al tin tig et al., 2013; Ato ui et al., 2005; Ka ra, 
2009; Ma li now ska et al., 2008; Martín-Do min goa et al., 2017; Pohl et al., 2016; 
Pytla kow ska et al., 2012). It is known that her bal te as can po si ti vely in flu en ce 
hu man he alth due to the pre sen ce of dif fe rent use ful com po unds such as ami-
no acids, polysac cha ri des, vi ta mins, an ti o xi dants, mi ne rals and ions (Das et 
al., 2017; Pohl et al., 2016). The con cen tra ti ons of the se com po unds in plant 
de pend on many fac tors li ke plant spe ci es, the ori gin of the plant, cli ma tic 
con di ti ons, the cha rac te ri stics of the sub stra tum on which cer tain plant grows, 
the ca pa bi lity of plant to ac cu mu la te cer tain sub stan ces, and in du strial pro ces-
ses in tea pro duc tion and pre pa ra tion (Martín-Do min goa et al., 2017; Pohl et 
al., 2016; Pytla kow ska et al., 2012). Inor ga nic ani ons fre qu ently re le a sed in to 
wa ter so lu tion du ring tea pre pa ra tion in clu de flu o ri des, chlo ri des, ni tra tes, 
sulp ha tes, and phosp ha tes. Mic hal ski (2006) and Mincă et al. (2013) re cor ded 
that inor ga nic ani ons and car boxylic  acid con tri bu te to the aci dity of the me-
di um in flu en cing the fla vor and ta ste of tea it self. For most of them, im por tant 
bi o lo gi cal ro le, as well as be ne fi cial ef fects on the fun ction of the hu man or-
ga nism has been re cor ded. Chlo ri des are the ba sic con sti tu ent ions of ex tra-
cel lu lar fluid re spon si ble for the pro per mu scle fun cti o ning (Mincă et al., 2013). 
Phosp ha tes are re spon si ble for the growth and tis sue re ge ne ra tion, and al so for 
pro per cell me ta bo lism fun cti o ning (Mincă et al., 2013), whi le sulp ha tes are 
the main so ur ce of sul fur that is ne ces sary for the synthe sis of ami no acids 
cyste i ne and met hi o ni ne (Bal cer zak and Ja nis zew ska, 2015). Flu o ri des, re gar-
ded as the most pro mi nent ani ons, are very be ne fi cial in small con cen tra ti ons, 
ena bling pro per bo nes and te eth fun cti o ning (Chan et al., 2013; Das et al., 2017; 
Gi lja no vić et al., 2012). Ho we ver, many sub stan ces that ha ve the po si ti ve ef fect 
on hu man he alth can be har mful if used in hig her con cen tra ti ons than al lo wed: 
for exam ple, flu o ri des in hig her con cen tra ti ons can ca u se den tal and ske le tal 
flu o ro sis (Eme kli et al., 2009; Ko blar et al., 2012; Chan et al., 2013; Das et al., 
2017; Gi lja no vić et al., 2012) and ni tra tes and ni tri tes pa ralysi s of va so mo tor 
cen ter (Mincă et al., 2013). 

The aim of this pa per was to analyze the inor ga nic ani ons in her bal tea 
in fu si ons com monly con su med in this ge o grap hi cal area using the ion chro-
ma to graphy. The ef fect of dif fe rent ex trac ti on ti me at the sa me tem pe ra tu re, 
as well as the way of the tea pre pa ra tion we re al so ta ken in to con si de ra tion, as 
in Po po vić et al. (2017) whe re the in flu en ce of the se fac tors on me tals re le a se 
was ob ser ved. 
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MA TE RI ALS AND MET HODS

Analyti cal pro ce du re

The con tent of inor ga nic ani ons was de ter mi ned by ion chro ma to graphy 
using ICS 2020i Di o nex ion chro ma to grap hic system con si sting of an isoc ra tic 
elu ent de li very pump with the flow of 0.8 mL/min, sam ple injec tion port, gu-
ard and se pa ra tion co lumn (AG22 and AS22 Di o nix Ion Pac), sup pres sor (ASRS 
300 Di o nix), and con duc ti vity de tec tor. As an elu ent, a mix tu re con ta i ning 3.2 
mM Na2CO3 and 1.0 mM NaH CO3 was used. Ca li bra tion so lu ti ons of analyzed 
inor ga nic ani ons we re pre pa red by di lu ting the stock stan dard so lu tion (1000 
mg/L flu o ri des (F-), chlo ri des (Cl-), ni tra tes (NO3

-), phosp ha tes (PO4
3-), and 

sulp ha tes (SO4
2-)) to the re qu i red con cen tra tion. Ul tra-pu re wa ter with the 

elec tri cal con duc ti vity of <0.05 μS/cm was used du ring the ex pe ri ment. The 
so lu tion was injec ted in to the chro ma to grap hic co lumn af ter fil tra tion thro ugh 
0.45 μm mem bra ne fil ter.

Sam ple pre pa ra tion

As de scri bed in Po po vić et al. (2017), eight dif fe rent com mer cial her bal 
tea sam ples and one green tea sam ple of the sa me brand we re used for the 
analyses: hawt horn (Cra ta e gus mo nogyna  Jacq.), St John’s wort (Hype ri cum 
per fo ra tum L.), net tle (Ur ti ca di o i ca L.), el der flo wer (Sam bu cus ni gra L.), 
green tea (Ca mel lia si nen sis (L.) Kunt ze), be ar be rry (Arc to staphylos  uvaur si 
(L.) Spreng.), thyme (Thymus serpyllum L.), yar row (Ac hil lea mil le fo li um L.), 
and mint tea (Ment ha pi pe ri ta L.). So me of them we re as so ci a ted to “le af” or 
“flo wer” te as de pen ding on which part of the plant was mostly used for the 
pre pa ra tion of tea when pac ked in tea bags. Bags we re ope ned and con tent was 
mi xed and ho mo ge ni zed pri or to drying at 105 °C to con stant we ight. Af ter 
ho mo ge ni za tion of each sam ple, fi ve dif fe rent sets of aqu e o us ex trac ti ons we-
re pre pa red as de scri bed in Po po vić et al. (2017). Each set was pre pa red by 
we ig hing ap pro xi ma tely 2 g of each tea sam ple and so a king it in 100 mL of 
bo i ling ul tra-pu re wa ter: the first set was bo i led for fi ve mi nu tes, the se cond 
for ten and the third for twenty mi nu tes; for the fo urth set, bo i ling wa ter was 
ad ded to the tea sam ple, then it was co ve red and left at ro om tem pe ra tu re for 
fi ve mi nu tes; the fifth set in clu ded the ad di tion of le mon ju i ce (5 mL), then it 
was co ve red and left for fi ve mi nu tes at ro om tem pe ra tu re. Con duc ti vity and 
pH va lue we re al so me a su red in each tea sam ple wa ter ex tract using WTW LF 
191 con duc ti vity me ter and pH me ter WTW ino Lab pH 730. For each set of 
sam ples, a blank was pre pa red fol lo wing the sa me pro ce du re.
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Li mits of de tec tion (LOD) and li mits of qu an ti fi ca ti on (LOQ) of the in-
stru ment we re cal cu la ted as three ti mes and ten ti mes of the re si dual stan dard 
de vi a tion of the low con cen tra tion stan dard (Ta ble 1).

Ta ble 1. Li mit of de tec tion and li mit of qu an ti fi ca ti on for all ani ons

Ani on F- Cl- NO3
- PO4

3- SO4
2-

LOD , mg/L 0.29 0.18 0.30 0.51 0.29

LOQ, mg/L 0.99 0.60 1.00 1.70 0.99

Da ta analysis

Sta ti sti cal analysis was do ne using CA NO CO for Win dows, Ver sion 5.0 
(Ter Bra ak and Smi la u er 2012). Two prin ci pal com po nent analyses (PCA) we-
re per for med. The first PCA was used to eva lu a te the re la ti on ship bet we en 
anion con cen tra tion re le a sed in wa ter af ter bo i ling for 5, 10, and 20 min with 
fol lo wing sup ple men tary va ri a bles in clu ded: tea sam ples, ti me of bo i ling, part 
of the plant in clu ded in the ma king of the tea, pH, and con duc ti vity. The se cond 
PCA was used to de mon stra te the re la ti on ship bet we en the sa me sup ple men-
tary va ri a bles and ani ons re le a sed in wa ter so lu tion from sam ples that we re 
bo i led for 5 min, that we re co ve red and left at ro om tem pe ra tu re for 5 min, 
and sam ples that we re tre a ted with le mon ju i ce co ve red and left at ro om tem-
pe ra tu re for 5 min.

RE SULTS AND DI SCUS SION

The ave ra ge con tents of the de ter mi ned ani ons in the exa mi ned tea sam-
ples are gi ven in Ta ble 2. The hig hest va ri a tion among dif fe rent tea sam ples is 
ob ser ved in ni tra te ion va lu es. Ac cor ding to the re sults, in most tea sam ples 
phosp ha tes had the hig hest con cen tra ti ons, whi le the con cen tra ti ons of ot her 
ani ons we re sig ni fi cantly lo wer. The hig hest va lu es of phosp ha tes, as well as 
ni tra tes, we re fo und in net tle and el der-flo wer wa ter ex tracts.

Few da ta exist for ni tra tes, chlo ri des, phosp ha tes, and sulp ha tes. The 
analysis of the se ani ons was do ne in few tea sam ples, ma inly in green and mint 
tea. Ac cor ding to Oz can et al. (2007) the ac cu mu la tion of ni tra tes is pos si ble 
in le a ves, as well as in ro ots of ve ge ta bles, and the con cen tra tion it self de pends 
on the plant type, fer ti li za tion form, and amo unt and har vest ti me, used to get-
her with or ga nic fer ti li zer or in du strial fer ti li zer. So, the con cen tra tion of ni-
tra tes can be very va ri a ble in dif fe rent plants, but al so in the sa me plant of 
dif fe rent ge o grap hi cal ori gin. Mic hal ski (2006) in his study re por ted hig her 
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ni tra tes con tent than in this re se arch and lo wer con tent was re por ted in the 
study do ne by Mincă et al. (2013), Bal cer zak et al. (2015), and Oz can et al. 
(2007), with si mi lar va lu es of this anion for green tea. Con si de ring chlo ri des, 
we ob ta i ned lo wer va lu es in green tea than Mincă et al. (2013) and Bal cer zak 
et al. (2015), and al so in mint tea re por ted by Mic hal ski (2006). For phosp ha tes, 
Bal cer zak et al. (2015) re por ted si mi lar re sults for green tea, whi le the con tent 
of sulp ha tes was slightly hig her. The con cen tra ti ons of phosp ha tes and sulp-
ha tes we re hig her for mint tea (Mic hal ski 2006) and for green tea in study by 
Mincă et al. (2013). When spe a king abo ut flu o ri des, the da ta are much mo re 
di ver se com pa red to ot her men ti o ned ani ons. Lo wer con cen tra tion of flu o ri des 
than in this study was re por ted by Chan et al. (2013), Eme kli et al. (2009), Ka-
rak and Bha gat (2010), Kjel le vold et al. (2006), Mic hal ski (2006), and Yuwo no 
(2005). Ac cor ding to Das et al. (2017) the con tent of flu o ri des in so me her bal 
te as was lo wer, but si mi lar re sults for green tea we re do cu men ted. Si mi lar va-
lu es of flu o ri des in tea in fu si ons we re al so re por ted by Chan et al. (2013) (0–30 
mg/L). On the ot her hand, Mic hal ski (2006) and Mincă et al. (2013) re por ted 
hig her va lu es of this anion in the ir exa mi ned tea in fu si ons. Ac cor ding to Ma-
li now ska et al. (2008) and Yi and Cao (2008) the con tent of flu o ri des can be 
used as a tool for the esti ma tion of the tea qu a lity. Furt her mo re, the con tent of 
flu o ri des in green tea, for exam ple, de pends on the age of plant bur geon, whe-
re young bur ge ons (with two le a ves) re le a se sig ni fi cantly lo wer con cen tra tion 
of flu o ri des, com pa red to ol der ones whe re the flu o ri de con cen tra tion can be 
2–4 ti mes hig her, and ac cor ding to Chan et al. (2013) even to 10 ti mes hig her. 
Flu o ri de con cen tra tion can al so be de pen dent on the land type, for exam ple, 

Ta ble 2. The ave ra ge con cen tra ti ons of the de ter mi ned ani ons in tea in fu si ons

Type of te a 
Con cen tra tion (mg/g)±SD

Flu o ri des Chlo ri de s Ni tra tes P hosp ha tes Sulp ha tes 

Hawt horn 2.13±0.08 0.20±0.02 0.66±0.06 3.83±0.10 1.61±0.07

Yar row 0.39±0.02 2.56±0.01 0.36±0.08 3.12±0.05 1.51±0.03

St  John’s wort 0.79±0.03 0.99±0.04 1.04±0.06 3.58±0.01 1.38±0.02

El der flo wer 2.37±0.10 0.40±0.07 7.34±0.03 6.60±0.04 2.56±0.04

Net tle 0.97±0.05 2.84±0.01 8.27±0.02 7.00±0.03 4.70±0.02

Thyme 0.51±0.04 1.93±0.05 1.29±0.07 3.01±0.07 2.01±0.02

Mint tea 1.49±0.02 1.52±0.01 1.25±0.08 4.58±0.02 2.97±0.08

Be ar be rry 0.97±0.09 0.16±0.20 0.22±0.07 1.86±0.05 0.73±0.08

Green tea 1.47±0.07 0.37±0.02 0.18±0.02 1.92±0.04 1.28±0.03
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hig her con cen tra ti ons of flu o ri des in plants are ob ser ved when the plant is 
gro wing on aci di fied sub stra tum (Eme kli et al. 2009; Chan et al. 2013).

Fi gu re 1 shows the re la ti on ship bet we en ion con cen tra ti ons in in fu si ons, tea 
sam ples, and ti me of tea bo i ling. PCA ex pla i ned a to tal of 81.2% of va ri a ti ons in 
our da ta (PCA axis 1 and PCA axis 2 to get her ex pla i ned 73.7% of the va ri a tion). 
It can be seen that the hig hest con tent of ni tra tes and sulp ha tes are in net tle and 
el der flo wer ex tracts, whi le chlo ri des ha ve high con cen tra ti ons in net tle, but al so 
in thyme and yar row. The hig hest con cen tra ti ons of flu o ri des and phosp ha tes 
we re fo und in el der flo wer tea in fu sion. Sup ple men tary va ri a bles that re fer to 5, 
10, and 20 min of bo i ling are pla ced ne ar the cen ter of the or di na tion di a gram. 
As it was the ca se with ex trac ted me tals from the sa me tea sam ples (Po po vić et 
al. 2017), the ir po si tion in di ca tes that sig ni fi cant dif fe ren ces we re not ob ser ved 
in the con cen tra ti ons of ions from the tea sam ples with chan ges in bo i ling ti me. 
No mi nal va ri a bles “flo wer” and “le af” we re al so pla ced in the cen ter of the or-
di na tion di a gram, me a ning that ions we re equ ally ex trac ted from the se plant 
parts. Con duc ti vity vec tor and pH are ori en ted to ward the right si de of the or di-
na tion di a gram, and the ir hig hest va lu es we re re cor ded in net tle tea in fu sion. 

Fi gu re 1. Prin ci pal com po nent analysis (PCA) of ions from wa ter ex tract af ter bo i ling for 
5, 10, and 20 min. The sup ple men tary va ri a bles in clu de tea as blue di a monds (hawt horn, 
St John’s wort, net tle, el der flo wer, green tea, be ar be rry, thyme, yar row, and mint tea); red 
squ a res re fer to bo i ling ti me (5, 10, and 20 min); and whi te tri an gles re pre sent the part of 

the plant from which the tea is pri ma rily pro du ced (le a ves, flo wers)
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Flu o ri des are the most exa mi ned ions when spe a king abo ut tea in fu si ons 
and ti me as a fac tor. Gi lja no vić et al. (2012) exa mi ned how bre wing ti me af-
fec ted flu o ri de con cen tra tion for te sted tea sam ples, and con clu ded that in most 
ca ses flu o ri de con cen tra tion re ac hed ma xi mum in 10 to 20 min, which espe-
ci ally re fer red to mint tea. Ho we ver, dif fe rent tea sam ples ac ted com ple tely 
dif fe rent: the in cre a se in flu o ri de con cen tra ti ons with ti me was ob ser ved in 
mint and po me gra na te sam ples, whi le in green tea a po si ti ve cor re la tion was 
do cu men ted (Gi lja no vić et al., 2012). Si mi lar fin dings we re gi ven by Yuwo no 
et al. (2005), whe re the in cre a se was ob ser ved only in green and black tea 
sam ples. Eme kli et al. (2009) de mon stra ted that the re was no sig ni fi cant dif-
fe ren ce in flu o ri de con tent in dif fe rent her bal te as if ti me of bo i ling was hig her 
than fi ve mi nu tes. Ac cor ding to Chan et al. (2013) the hig hest con cen tra tion 
of ani ons was re le a sed af ter two mi nu tes of bo i ling, and the pro lon ged ti me of 
bo i ling did not in flu en ce the chan ges in the con cen tra tion of ani ons – the con-
cen tra tion did not in cre a se with ti me. On the ot her si de, Chan et al. (2013), 
Ka ra kand Bha gat (2010), and Ma li now ska et al. (2008) do cu men ted the in cre-
a se in flu o ri de con tent with ti me of bo i ling. Gi lja no vić et al. (2012) al so re cor-
ded that the con tent of re le a sed flu o ri des in the tea wa ter so lu tion de pen ded 
on the way of tea pac king pro ce du re, and al so hig hlig hted that the ex trac ti on 
was bet ter from te as that con si sted of smal ler parts of plants, than from tho se 
con si sting of lar ger parts. Kjel le vold et al. (2006) po in ted out that in so me ca-
ses tea plant ac ted as an ad sorp tion agent when con cen tra ti ons of flu o ri des 
we re hig her in tea in fu si ons, and emp ha si zed the fact that the con cen tra tion of 
to tal flu o ri des in tea le af did not af fect its ad sorp tion ca pa city. In this study, 
hig her con cen tra ti ons of flu o ri des we re ob ta i ned when com pa red to a lar ge 
num ber of pa pers de a ling with this to pic. It is pos si ble that in this ca se so me 
form of ba lan ce bet we en the re le a se and ab sorp tion exists, which is re spon si-
ble for si mi lar re sults ob ta i ned af ter 5, 10, and 20 min of tea bo i ling.

Sin ce no ma jor dif fe ren ces we re ob ser ved af ter 5, 10, and 20 min of tea 
bo i ling, we de ci ded to analyze sam ples ob ta i ned af ter 5 mi nu tes of tea pre pa-
ra tion (tea sam ples bo i led for fi ve mi nu tes, tea sam ples in which bo i ling wa ter 
was ad ded, then co ve red and left at ro om tem pe ra tu re for fi ve mi nu tes; tea 
sam ples in which le mon ju i ce (5 mL) was ad ded, af ter which they we re co ve-
red and left for fi ve mi nu tes at ro om tem pe ra tu re). Ac cor ding to Das et al. 
(2017) and Yuwo no et al. (2005) fi ve mi nu tes re pre sent the ideal length for the 
tea pre pa ra tion sin ce du ring fi ve mi nu tes the best ta ste and low le vels of tan-
nins are gu a ran teed. 

The analysis of dif fe rently pre pa red tea ex tracts for 5 mi nu tes ti me sho-
wed si mi lar re sults (Fi gu re 2). PCA ex pla i ned a to tal of 91.3% of va ri a ti ons in 
our da ta (PCA axis 1 and PCA axis 2 to get her ex pla i ned 74.0% of the va ri a tion). 
Un li ke me tals (Po po vić et al. 2017) ions be ha ved dif fe rently when the se three 
dif fe rent ways of pre pa ra tion for 5 mi nu tes we re ob ser ved. All sup ple men tary 
va ri a bles re fer ring to 5 mi nu tes tea pre pa ra tion are pla ced in the cen ter of the 
or di na tion di a gram, sho wing that dif fe rent ways of pre pa ra tion do not in flu-
en ce the ion con cen tra ti ons in tea in fu si ons. So, un li ke me tals, hig her con cen-
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tra ti ons of ions ha ve not been ob ser ved in aci di fied tea in fu si ons. The re la ti-
on ship bet we en ion con cen tra ti ons in in fu si ons and tea sam ples is exactly the 
sa me as in the pre vi o us fi gu re, le a ding to the con clu sion that ion re le a se af ter 
all fi ve dif fe rent ways of pre pa ra tion is the sa me, or that a dif fe rent way of 
pre pa ra tion ava i la ble in this study do es not in flu en ce the chan ges in the ion 
con cen tra ti ons in tea in fu sion.

Fi gu re 2. Prin ci pal com po nent analysis (PCA) of ions from wa ter ex tract af ter bo i ling 
for 5 min (5 min), af ter sam ples we re co ve red and left at ro om tem pe ra tu re for 5 min 

(5P), and af ter sam ples we re co ve red and left at ro om tem pe ra tu re for 5 min with ad ded 
le mon ju i ce (5L). The sup ple men tary va ri a bles in clu de tea as blue di a monds (hawt horn, 
St John’s wort, net tle, el der flo wer, green tea, be ar be rry, thyme, yar row, and mint tea); 

red squ a res re fer to bo i ling ti me; and whi te tri an gles re pre sent the part of the plant 
from which the tea is pri ma rily pro du ced (le a ves, flo wers)

In the ma jo rity of tea sam ples, pH va lue sho wed slightly lo wer va lu es – the 
sam ples we re slightly aci dic. The sa me fin ding was ob ser ved by Mincă et al. 
(2013) whe re in fu si ons of green, whi te, and black tea we re exa mi ned. The va-
lu es of pH ran ged from 4.71 to 5.91 in all tea sam ples ex cept in net tle tea in-
fu sion, whe re pH of 7.74 was me a su red. The con duc ti vity ran ged from 474 µS/
cm (be ar be rry) to 1995 µS/cm (net tle). 

Aci di fi ca tion of sam ples with le mon ju i ce do es not sig ni fi cantly in flu en-
ce the re le a se of ani ons in tea in fu si ons. Ho we ver, in net tle in fu si ons so me 
dif fe ren ces not seen in the or di na tion di a gram we re ob ser ved in aci di fied 
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sam ples. Mo re pre ci sely, net tle in fu sion is the only in fu sion ha ving pH va lu es 
abo ve 7. Af ter aci di fi ca tion, a slight in cre a se in chlo ri des and ni tra tes was ob-
ser ved, whi le sulp ha te con tent was dec re a sed. On the ot her hand, the con tent 
of phosp ha tes was sig ni fi cantly hig her in aci di fied sam ple. This sug ge sted that 
pH had an in di rect im pact on the anion con cen tra tion in sam ples.

It is worth men ti o ning that the re sults of the anion analysis we re hard to 
com pa re with the re sults from ot her stu di es. It is pro bably due to the dif fe rent 
met hods used, the ori gin of herbs it self, dif fe rent exa mi ned her bal te as, type 
of the land on which the herb is grown and its aci dity, or con tent of flu o ri des 
in land.

CON CLU SION

Re sults in di ca ted that all in ve sti ga ted ani ons sho wed va ri a ti ons in the ir 
con cen tra ti ons among dif fe rent tea sam ples. In al most all tea sam ples phosp-
ha te ion had the hig hest con cen tra ti ons and its hig hest re le a se was ob ser ved 
in el der flo wer and net tle tea in fu si ons. Be si de phosp ha te con tent, net tle tea 
in fu sion al so had the hig hest chlo ri de, ni tra te, and sulp ha te con tent. Ac cor ding 
to the per for med prin ci pal com po nent analysis, no sig ni fi cant dif fe ren ce in ion 
con cen tra tion af ter bo i ling for 5, 10, and 20 mi nu tes, as well as af ter aci di fi-
ca tion of the me di um was ob ser ved. In the aqu e o us so lu tion of her bal tea, pH 
of the so lu tion did not ha ve an ef fect on ion con cen tra tion, but slight va ri a ti ons 
we re ob ser ved in net tle, whe re the hig hest pH of the tea in fu sion was me a su-
red. The only dif fe ren ce was fo und in net tle in fu si ons, whe re aci di fi ca tion 
sho wed hig her ion con cen tra ti ons, ex cept for flu o ri de ions. A pre sump tion 
co uld be ma de that the re is so me in di rect in flu en ce on the con cen tra tion chan-
ge rat her than on pH va lue. The ob ta i ned re sults can con tri bu te to the ge ne ral 
know led ge of inor ga nic ani ons in her bal tea in fu si ons that can be be ne fi cial 
in hu man di et, as well as to bet ter un der stan ding of the ef fect of dif fe rent fac-
tors on the ir re le a se. 
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ОД РЕ ЂИ ВА ЊЕ НЕО Р ГАН СКИХ ЈО НА У  РАС ТВО РУ БИЉ НИХ ЧА ЈЕ ВА 
ЈОН СКОМ ХРО МА ТО ГРА ФИ ЈОМ

Жељ ка Ј. МИ ЛО ВА НО ВИЋ1, Сла ђа на С. ПО ПО ВИЋ1, Ана С. ПАН ТЕ ЛИЋ2, Је ле-
на Р. МИ ЛИН КОВ3, Дра га на Л. МИ ЛО ШЕ ВИЋ1, Вла ди мир М. ПЕ ТРО ВИЋ1, 

Мил ка М. ВИ ДО ВИЋ1

1 Уни вер зи тет у Бе о гра ду, НУ Ин сти тут за хе ми ју, тех но ло ги ју и ме та лур ги ју 
Цен тар за еко ло ги ју и тех но е ко но ми ку

Ње го ше ва 12, Бе о град 11001, Ср би ја
2 Уни вер зи тет у Бе о гра ду, НУ Ин сти тут за хе ми ју, тех но ло ги ју и ме та лур ги ју 

Цен тар за хе ми ју
Ње го ше ва 12, Бе о град 11001, Ср би ја

3 Хе мо фарм а.д.
Бе о град ски пут бб, Вр шац 26300, Ср би ја

СА ЖЕ ТАК: Јон ски са др жај ис пи ти ван је код де вет во де них рас тво ра ча ја, 
при че му је на екс трак ци ју јо на по сма тран ути цај ду жи не ку ва ња, ки се ло сти 
сре ди не (ко ја је по стиг ну та до дат ком ли му новог со ка) и начинa при пре ме. Јон ска 
хро ма то гра фи ја ко ри шће на је за од ре ђи ва ње са др жа ја нео р ган ских ан јо на, а по-
да ци су об ра ђе ни по мо ћу Ca no co про гра ма за мул ти ва ри ја ци о ну ана ли зу. Јон ски 
са др жај ва ри ра код раз ли чи тих узо ра ка ча ја. Нај ве ће кон цен тра ци је хло рид них, 
ни трат них, фос фат них и сул фат них јо на од ре ђе не су у ко при ви, док су нај ве ће 
кон цен тра ци је флу о ри да од ре ђе не у ин фу зи ји кан та ри о на. Ути цај вре ме на кљу-
ча ња (5, 10 и 20 мин.), ки се лост ме ди ју ма и раз ли чи ти на чи ни при пре ме (кљу ча-
ње и хла ђе ње на соб ној тем пе ра ту ри) ста ти стич ки су при ка за ни по мо ћу ана ли зе 
глав них ком по нен ти. Ис пи ти ва ни фак то ри ни су има ли зна ча јан ути цај на јон ску 
кон цен тра ци ју у чај ним ин фу зи ја ма.

КЉУЧ НЕ РЕ ЧИ: ана ли за глав них ком по не н ти, биљ ни ча је ви, чај не ин фу-
зи је, јон ска хро ма то гра фи ја, нео р ган ски ан јо ни 
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1 Uni ver sity of No vi Sad, Fa culty of Agri cul tu re 
De part ment of Fru it Sci en ce, Vi ti cul tu re, Hor ti cul tu re and Lan dsca pe Ar chi tec tu re 
Trg Do si te ja Ob ra do vi ca 8, No vi Sad 21000, Ser bia
2 Uni ver sity of No vi Sad, Fa culty of Agri cul tu re, De part ment of Wa ter Ma na ge ment 
Trg Do si te ja Ob ra do vi ca 8, No vi Sad 21000, Ser bia 

EVA LU A TING NA TU RAL MO NU MENTS MA NA GE MENT 
OB JEC TI VES USING SMART AND SMAR TER MET HODS

AB STRACT: This re se arch pre sents the pro cess of as ses sment of ma na ge ment ob jec-
ti ves for na tu ral mo nu ments by applying two mul ti-cri te ria met hods: SMART and SMAR-
TER. For SMART ap pli ca tion three de ci sion ma kers per for med the re qu i red as ses sments, 
whi le SMAR TER re sults we re ga i ned by using the ran king of ob jec ti ves. Na mely, in both 
ca ses, the ba ses of the as ses sments we re the ma na ge ment gu i de li nes de fi ned by the IUCN 
or ga ni za tion. In SMAR TER analysis the ran king of ob jec ti ves de fi ned by the IUCN was the 
only in put da ta, whi le SMART ap pli ca tion in clu ded de ci sion ma kers who as sig ned the po ints 
to each ob jec ti ve re spec ting the IUCN ran king. The ob ta i ned re sults re pre sent the we ights 
(car di nal va lu es) of ma na ge ment ob jec ti ves for na tu ral mo nu ments, which can be a con ve-
ni ent ba sis for furt her as ses sment and eva lu a tion of ma na ge ment plans for this ca te gory of 
pro tec ted are as. 

KEYWORDS: na tu ral mo nu ments, ma na ge ment ob jec ti ves, SMART, SMAR TER 

IN TRO DUC TION

Na tu ral mo nu ments are usu ally smal ler pro tec ted are as with well pre ser-
ved na tu ral fe a tu res. In ad di tion, na tu ral mo nu ments can be in di vi dual tre es 
with di stin gu is hed bo ta ni cal va lu es (Vu jić, 2008). The re are three parks in 
No vi Sad: Du nav ski, Fu toš ki, and Ka me nič ki park (La ki će vić et al., 2017), and 
six tre es ha ve been dec la red na tu ral mo nu ments. Among the tre es, the most 
fa mo us exam ple is a tree of Cel tis au stra lis L. in Mo de na Stre et in the city 
cen ter. 

IUCN (In ter na ti o nal Union for Con ser va tion of Na tu re) or ga ni za tion de-
fi ned ma na ge ment ob jec ti ves for all ca te go ri es of pro tec ted are as. The he a-
dqu ar te rs of the or ga ni za tion is in Gland, Swit ze r land, but the re is al so a re gi-

* Cor re spon ding aut hor. E-mail: mi le nal @polj.un s.ac .rs  

Зборник Матице српске за природне науке / Matica Srpska J. Nat. Sci. Novi Sad,
№ 134, 101—107, 2018
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o nal of fi ce for Ea stern Eu ro pe in Bel gra de, in the bu il ding of the In sti tu te for 
Na tu re Con ser va tion of Ser bia. IUCN pu blis hed many gu i de li nes de a ling with 
ma na ge ment of pro tec ted are as (e.g. IUCN, 2008, 2013). This pa per analyses 
the na tu ral mo nu ments ma na ge ment ob jec ti ves by in tro du cing two mul ti-cri-
te ria analysis met hods SMART (Ed wards and Bar ron, 1994) and its ver sion 
SMAR TER (Ed wards and Bar ron, 1994). Na mely, the ob jec ti ves pro po sed by 
the IUCN we re pro ces sed wit hin two mul ti-cri te ria met hods, in or der to ob tain 
car di nal va lu es re pre sen ting the im por tan ce of ob jec ti ves. Tho se re sults can 
ser ve as a sup port when analyzing and se lec ting ma na ge ment plans de ve lo ped 
for the na tu ral mo nu ments. Even tho ugh the im por tan ce of ma na ge ment ob-
jec ti ves can vary de pen ding on a spe ci fic ca se study area, the re sults pro vi de 
a ge ne ral ou tli ne for the ir as ses sment. 

When applying SMART met hod, the re we re three de ci sion ma kers who 
as ses sed the set of ob jec ti ves by as sig ning cer tain num ber of po ints to each of 
the ob jec ti ve, and ba sed on tho se va lu es it was pos si ble to esti ma te the im por-
tan ce of ma na ge ment ob jec ti ves. 

Ap pli ca tion of SMAR TER met hod, in this re se arch, did not re qu i re the 
as ses sments of the de ci sion ma kers. As a mat ter of fact, the ran king of ob jec-
ti ves pro po sed by the IUCN was the only in put da ta for cal cu la ting the im por-
tan ce of ma na ge ment ob jec ti ves. 

At the end of the re se arch, re sults of both met hods we re com pa red and 
the dif fe ren ces we re di scus sed. The pa per ex pla ins the pro cess of as ses sing 
the im por tan ce of ma na ge ment ob jec ti ves using two pro mi nent mul ti-cri te ria 
met hods. The de mon stra ted pro ce du re can be re pe a ted for many dif fe rent as-
sig nments in the su bject area. 

MA TE RI ALS AND MET HODS 

The ob jec ti ves analyzed in the re se arch are pre sen ted in Ta ble 1. The ir 
im por tan ce is de fi ned by the IUCN, using va lu es from 1 to 3, whe re: “1” re-
pre sents pri mary ob jec ti ve, “2” se con dary ob jec ti ve, and “3” po ten tial ob jec-
ti ve, and the re are al so so me in bet we en va lu es. 
Ta ble 1. Na tu ral mo nu ments ma na ge ment ob jec ti ves (IUCN, 2013)

La be l O bjec ti ve Im por tan ce 

O1 Sci en ti fic re se arch 3

O2 Pre ser va tion of ha bi tats, spe ci es and ge ne tic di ver sity 1–2

O3 Pro tec tion of spe ci fic na tu ral/cul tu ral fe a tu res 1

O4 Rec re a tion and to u rism 1–2

O5 Edu ca tion 2

O6 Ma in te nan ce of cul tu ral /tra di ti o nal lan dsca pe fe a tu res 2
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The cri te ria in the Ta ble 1 we re pro ces sed wit hin SMART and SMAR TER 
met hods, and for the SMART as ses sments the re we re three de ci sion ma kers 
with the bac kgro und in fo re stry and na tu re pro tec tion. The ex pla na ti on of the 
met hods is pro vi ded in the text that fol lows. 

SMART (Sim ple Mul ti-At tri bu te Ran king Tec hni que) is ba sed on as sig-
ning nu me ri cal va lu es to de ci sion ele ments (ob jec ti ves, al ter na ti ves) in ac cor-
dan ce to the ir im por tan ce. The pro cess usu ally starts by gi ving 10 po ints to 
the le ast im por tant ele ment, and the rest of po ints are be ing gi ven ac cor dingly 
(Kan gas et al., 2015). The cal cu la tion of fi nal we ights is per for med as: 

  (1)

whe re aj is the we ight of the jth ele ment, pj is num ber of po ints as sig ned 
to the jth ele ment, and m is the num ber of ele ments.  

SMAR TER (Sim ple Mul ti-At tri bu te Ra ting Tec hni que Ex plo i ting Ranks) 
is a ver sion of SMART that is pri ma rily ba sed on the ran king of ele ments. 
Wit hin this met hod the re are dif fe rent tec hni qu es for cal cu la ting fi nal we ight 
and in this re se arch we used two of them − Rank or der cen troid (ROC) and 
Rank re ci pro cal ru le (RR). 

Rank or der cen troid – ROC (Ed wards and Bar ron, 1994) pro vi des the 
we ights fol lo wing the ru le: 

  (2)

whe re aj is the we ight of the jth ele ment, i is a rank of the jth ele ment, and 
m is the num ber of ele ments. 

Rank re ci pro cal ru le – RR (Stil lwell et al., 1981) esta blis hes fi nal we ights 
by di vi ding re ci pro cal of rank of the jth ele ment with the sum of the re ci pro cals 
for all ele ments:

  (3)

Both SMART and SMAR TER met hods ha ve been re por ted as su i ta ble 
in the area of na tu ral re so ur ces ma na ge ment (Gärtner et al. 2008).  
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RE SULTS AND DISSCUS SION

Ta ble 2 pre sents the eva lu a ti ons of im por tan ce of six ma na ge ment ob jec ti-
ves for na tu ral mo nu ments fol lo wing the SMART pro ce du re. The re we re three 
de ci sion ma kers (DMs) in clu ded in the re se arch, and they ha ve as sig ned po ints 
to each ob jec ti ve re spec ting the ir ran king de fi ned by the IUCN. That me ans that 
the ran king of ob jec ti ves was con si de red as pre de fi ned and the re fo re is the sa me 
for all the de ci sion ma kers in clu ded in the re se arch, but re la ti ve im por tan ce of 
ob jec ti ves dif fers ac cor ding to de ci sion ma kers’ in di vi dual as ses sments. 

Ta ble 2. SMART as ses sment of ma na ge ment ob jec ti ves 

Ob jec ti ves 
SMART po ints

DM1 DM 2 DM 3

O3 40 60 30

O2 25 40 20

O4 25 40 20

O5 15 25 12

O6 15 25 12

O1 10 10 10

Ba sed on the va lu es pro vi ded in the Ta ble 2 it was pos si ble to cal cu la te 
the we ights of ob jec ti ves for all de ci sion ma kers and the re sults are pre sen ted 
in Ta ble 3.

Ta ble 3. SMART we ights of ma na ge ment ob jec ti ves

Ob jec ti ves 
SMART we ights 

DM1 DM2 DM3

O3 0.308 0.577 0.288

O2 0.192 0.385 0.192

O4 0.192 0.385 0.192

O5 0.115 0.240 0.115

O6 0.115 0.240 0.115

O1 0.077 0.096 0.096

The sa me de ci sion pro blem was pro ces sed wit hin SMAR TER met hod 
and the re sults for two tec hni qu es ap plied are shown in Ta ble 4. For esti ma ting 
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the we ights of ob jec ti ves only in put da ta we re the im por tan ce ranks of ob jec-
ti ves de fi ned by the IUCN. 

Ta ble 4. SMAR TER we ights of ma na ge ment ob jec ti ves

Ob jec ti ves 
SMAR TER we ights   

ROC tec hni qu e RR tec hni qu e

O3 0.408 0.408

O2 0.200 0.170

O4 0.200 0.170

O5 0.082 0.092

O6 0.082 0.092

O1 0.028 0.068

In or der to com pa re the re sults gat he red by applying SMART and SMAR-
TER met hod, the arit hme tic mean of we ights was cal cu la ted (Ta ble 5). The 
arit hme tic me ans of SMART re sults for three de ci sion ma kers are pre sen ted 
in the first co lumn, whi le the se cond co lumn re pre sents the arit hme tic me ans 
of we ights ob ta i ned by using ROC and RR tec hni qu es.

Ta ble 5. SMART and SMAR TER we ights of ma na ge ment ob jec ti ves (ave ra ge va lu es)

Ob jec ti ves SMART we ights SMAR TER we ights 

O3 0.391 0.408

O2 0.256 0.185

O4 0.256 0.185

O5 0.157 0.087

O6 0.157 0.087

O1 0.090 0.048

Analysis of va lu es pre sen ted in Ta ble 5 shows that the ap pli ca tion of both 
met hods pro vi ded si mi lar re sults. The main dif fe ren ce bet we en two met hods 
ap plied is in the type of in put da ta; SMAR TER re qu i res only de fi ning the rank 
of ele ments, whi le SMART in put da ta are po ints as sig ned to each ele ment 
which di sco vers the re la ti ve ra tio bet we en set of ele ments. 

The in ter pre ta tion of the re sults ga i ned in this re se arch (Ta ble 5) shows 
that the re la ti ve im por tan ce of the most im por tant ob jec ti ve – pro tec tion of 
spe ci fic na tu ral/cul tu ral fe a tu res − is equ al to 0.391 ac cor ding to SMART 
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met hod and slightly hig her, 0.408, ac cor ding to SMAR TER met hod. On the 
ot her si de, the re la ti ve im por tan ce of the le ast im por tant ob jec ti ve – sci en ti fic 
re se arch − de ri ved by SMART and SMAR TER is equ al to 0.090 and 0.048, 
re spec ti vely. The im por tan ce of all ob jec ti ves ta kes U sha pe mo re sharply if 
the met hod SMAR TER is used in stead of SMART. En han ced bo un dary va lu-
es ob ta i ned by the SMAR TER met hod in di ca te that this met hod co uld be 
mo re use ful than SMART when a sharp dis tin ction bet we en ob jec ti ves is re-
qu i red.

CON CLU SION

Ma na ge ment of pro tec ted are as re qu i res eva lu a ting the set of dif fe rent 
ob jec ti ves and that task can be per for med by applying mul ti-cri te ria met ho do-
lo gi es. This pa per pre sents the re sults of eva lu a tion of the na tu ral mo nu ments 
ma na ging ob jec ti ves using SMART and SMAR TER met hods. The re sults 
ga i ned can be use ful for de fi ning and eva lu a ting the ma na ge ment plans for 
na tu ral mo nu ments. In this re se arch, ma na ge ment ob jec ti ves we re pro ces sed 
using two mul ti-cri te ria met hods, but the se met hods can be ap plied for the 
as ses sment of the stan dard de ci sion ma king hi e rarchy – in clu ding the set of 
al ter na ti ves i.e. ma na ge ment plans. 
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ВРЕД НО ВА ЊЕ ЦИ ЉЕ ВА УПРА ВЉА ЊА СПО МЕ НИ ЦИ МА ПРИ РО ДЕ 
ПРИ МЕ НОМ SMART И SMAR TER МЕ ТО ДА

Ми ле на Д. ЛА КИ ЋЕ ВИЋ1, Бо јан М. СР ЂЕ ВИЋ2 

1Уни вер зи тет у Но вом Са ду
По љо при вред ни фа кул тет

Де парт ман за во ћар ство, ви но гра дар ство, хор ти кул ту ру и пеј за жну ар хи тек ту ру 
Трг До си те ја Об ра до ви ћа 8, Но ви Сад 21000, Ср би ја 

2Уни вер зи тет у Но вом Са ду
По љо при вред ни фа кул тет
Де парт ман за уре ђе ње во да 

Трг До си те ја Об ра до ви ћа 8, Но ви Сад 21000, Ср би ја 

РЕ ЗИ МЕ: Рад при ка зу је по сту пак вред но ва ња ци ље ва упра вља ња спо ме-
ни ци ма при ро де при ме ном два ме то да ви ше кри те ри јум ске ана ли зе – SMART и 
SMAR TER. За при ме ну ме то да SMART укљу че на су три до но си о ца од лу ка, док 
су SMAR TER ре зул та ти до би је ни ко ри шће њем де фи ни са ног ран ги ра ња ци ље ва. 
На и ме, у оба слу ча ја осно ва за вре до ва ња би ле су смер ни це за упра вља ње за-
шти ће ним под руч ји ма ко је је де фи ни са ла Ме ђу на род на уни ја за за шти ту при ро-
де – IUCN. За SMAR TER ана ли зу ран ги ра ње ци ље ва, ка ко је де фи ни са ла ова 
ор га ни за ци ја, био је је ди ни ула зни по да так, док је при ме на ме то да SMART укљу-
чи ла до но си о це од лу ка ко ји су до де ли ли по е не сва ком од ци ље ва по шту ју ћи 
IUCN ран ги ра ње. До би је ни ре зул та ти пред ста вља ју тзв. те жи не (кар ди нал не 
вред но сти) ци ље ва упра вља ња спо ме ни ци ма при ро де, што мо же да бу де при год-
на осно ва при ли ком бу ду ћих вред но ва ња упра вљач ких пла но ва овим за шти ће ним 
при род ним до бри ма. 

КЉУЧ НЕ РЕ ЧИ: спо ме ни ци при ро де, ци ље ви упра вља ња, SMART,  SMAR TER 
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2.3. The text of the original articles should be organized into Abstract, Keywords, 
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longer than 10 pages, including the references, tables, legends, and figures. 

2.4. Titles should be informative and not longer than 10 words. It is in the best 
interest of the authors and the journal to use words in titles suitable for indexing and 
electronic searching of the article. 

2.5. The authors should submit the title of the article with last name and the 
initials of the first author.
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(if the article has more than one author, et al. should be used for other authors) 
and running title of not more than five words.

2.6. There should be listed up to 10 keywords using words and phrases that describe 
the content of the article in the best way and that allow indexing and electronic search-
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be a short and informative presentation of the article. Depending on the length of the 
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language can be 1/10 length of the article and should contain the title of the article, 
first, middle initial, and last names of the authors, authors’ institutional affiliation 
and address, and keywords. 

2.8. Information about financial support, advices, and other forms of assistance 
if necessary, should be wtitten at the end of the article under the Acknowledgements. 
Financial support acknowledgement should contain the name and the number of the 
project, i.e. the name of the program from which the article originated, and the name of 
the institution that provided the financial support. In case of other forms of assistance 
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tion, and the address of the person providing the assistance or the full name and the 
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references, tables, legends, and figures. 
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original articles but should not be longer than five pages.
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Venue, Country, 24-29.

(g) World Wide Web Sites and other electronic sources: Author’s last name, 
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access, Available from: <Available URL>. Where there is no publication date avail-
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organization behind the website or the title to the author space.
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5.2. References in the text should include author’s last name and the year of 
publishing. When there are two authors both should be cited, but in case of three or 
more authors, cite the first author only and follow with et al.

5.3. If two or more articles of the same author or authors published in the same 
year are cited, the publishing years should be marked with letters a, b, c, etc., both in 
text and reference list. 

5.4. The names of the periodicals should be abbreviated according to the instruc-
tions in the Bibliographic Guide for Authors and Editors (BIOSIS, Chemical Abstracts 
Service, and Engineering Index, Inc.).

5.5. References should not be translated to the language of the article. The names 
of cited national periodicals should be given in their original, shortened form. For 
example, for the reference in Serbian language, put (Sr) at the end of the reference.

6. Units, names, abbreviations, and formulas
6.1. SI units of measurement (Système international d’unités) should be used, 

but other officially accepted units are acceptable when necessary. 
6.2. The names of living organisms should be given using Italics font style. 
6.3. Abbreviated form of a term should be put into parenthesis after the full name 

of the term when it appears first time in the text. 
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for photographic reproduction.

7. Figures
7.1. Authors may use black-and-white photographs and good quality drawings.
7.2. A caption with the explanation should be put below each figure.

8. Tables
8.1. Tables should be submitted on separate sheets of paper and attached to the 

end of the manuscript. 
8.2. Tables should be numbered using Arabic numerals.
8.3. Table captions should always be positioned above the tables.
8.4. The place of the tables in the text should be indicated on the left margin.

9. Electronic copy of the article
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of final version. Corrections of the text prepared for printing should be restricted to 
misspelling and printing errors as much as possible. For major changes of the text, a 
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