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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). 
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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.



67

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 


