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Ispitivanje uslova transporta svinja do klanice

Karabasil Nedeljko!, Vasiljevi¢ Milan®, Dimitrijevi¢ Mirjana', Vucini¢ Marijana’, Dordevié Vesna’,
Ivanovié Jelena', Kureljusi¢ Jasna*

Sadrzaj: Put Zivotinje od farme do klanice nosi brojne prepreke sa kojima se ona susrece: manipulacija i kontakt sa covekom/
operaterom, transport, drugaciji uslovi i sredina u kojoj se zivotinja zatekla a na koju nije navikla, uskracéivanje hrane i vode, promena
u socijalnoj strukturi, odvajanje i/ili mesanje Zivotinja. Kao posledica svega navedenog, kod Zivotinja se moze javiti strah, dehidracija,
glad, pojacana fizicka napetost i aktivnost, zamor i povrede. Nemogucnost zivotinje da prevazide stresne faktore sredine moze dodatno
zakomplikovati i naglasiti posledice i imati negativan uticaj na kvalitet mesa. U ovom radu su ispitani uslovi transporta svinja, prace-
njem odgovarajucih parametara koji se odnose na prevozno sredstvo i opremu, lice koje upravlja vozilom, postupak istovara Zivotinja i
posledice transporta (prelomi, smrtnost i dr.). Transportna sredstva koja su koris¢ena za prevoz Zivotinja od mesta nabavke do klanice
nisu u potpunosti zadovoljavala trazene kriterijume. Kao posledica transporta 3% Zivotinja nije moglo da ustane, 2% zivotinja je imalo

prelome i zabelezen je 1% uginuca.
Kljucne reci: svinje, transport, dobrobit.

Uvod

Dobrobit zivotinja je sve viSe u sferi intereso-
vanja, kako strucne, tako i Sire javnosti. Stav potro-
$aca i njihov odnos prema kvalitetu mesa predstavlja
vaznu informaciju za proizvodace, jer direktno uti-
¢e na profit. Kvalitet je teSko definisati, ali brojnim
istrazivanjima iz ove oblasti i adekvatnim obavesta-
vanjem javnosti, misljenje potrosaca se vremenom
moze poboljsati, kako u pogledu stava prema kvali-
tetu mesa, tako i u pogledu nacina uzgoja i manipu-
lacije sa zivotinjama (Balti¢ i dr., 2002; Baltic¢ i dr.,
2010). Zivotinje su emocionalna bi¢a i mogu da ose-
te bol, patnju, stres, strah i paniku. Samim tim, oba-
veza ¢oveka je da, pored ocCuvanja vrste, brine i o
zastiti Zivota i dobrobiti svake jedinke, narocito do-
macih zivotinja ¢iji opstanak zavisi od njegove ne-
posredne brige. Dobrobit predstavlja obezbedivanje
uslova u kojima Zivotinja moze da ostvaruje svoje fi-
zioloske i druge potrebe svojstvene vrsti, kao $to su
ishrana i napajanje, prostor za smestaj, fizicka, psi-
hicka i toplotna udobnost i sigurnost, ispoljavanje

osnovnih oblika ponasanja, socijalni kontakt sa zi-
votinjama iste vrste, odsustvo neprijatnih iskustava,
kao $to su bol, patnja, strah, stres, bolesti i povre-
de (SL glasnik RS, 2009). lako nema jedne jasne de-
finicije, dobrobit Zivotinja mozemo pokusati da de-
finiSemo kao stanje organizma koje pokazuje kako
se zivotinja prilagodila na uslove Zivota koje joj je
obezbedio ¢ovek u skladu sa njenom vrstom. Jedan
od vaznijih aspekata su zdravlje i kondicija Zivoti-
nje. Drugi aspekt se odnosi na Cinjenicu da su zi-
votinje osecajna bica i pokazuju, kako zadovoljstvo,
tako 1 patnju. Tre¢i aspekt, bila bi moguénost zivoti-
nje da ispolji svoju prirodu i zivi u skladu sa svojim
potrebama i u prirodnom okruzenju.

U lancu proizvodnje mesa postoji veliki broj
procesnih koraka, a osnovni koraci u proizvodnji Zi-
votinja za dobijanje mesa su uzgoj zivotinja na far-
mi, zatim transport sa farme do sto¢ne pijace ili
klanice, pa transport sa sto¢ne pijace do klanice, bo-
ravak zivotinja na klanici i operacije klanja (Bal-
ti¢ i Karabasil, 2005). Pored nabrojanih, postoje i
brojni medukoraci koji dodatno komplikuju uslove

Napomena: Rad je deo istrazivanja u okviru naucno-istrazivackog projekta u oblasti tehnoloskog razvoja —
Evidencioni broj TR 31034, koji finansira Ministarstvo prosvete, nauke i tehnoloSkog razvoja Republike Sr-
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Tabela 1. Kontrolna lista za prikupljanje podataka o uslovima transporta svinja
Table 1. Checklist for investigating the condition of pig transport

Nedelja uzorkovanja/Sampling week: Dan u nedelji/Day of the week: Datum/Date:

PARAMETAR/PARAMETER NALAZ/FINDING
A) PREVOZNO SREDSTVO I OPREMA/TRANSPORTATION VEHICLE AND EQUIPMENT:
1.| dali ima zastitu od vremenskih uslova/whether there is protection from the weather conditions;

2.| povrsina transportnog sredstva (P), broj zivotinja i masa zivih zivotinja (M), ujednacenost mase (kategorije:
prasad, tovljenici, krmace)/surface of the transportation vehicle (P), the number of animals and live animal
weight (M), uniformity of mass (categories: piglets, fatteners, sows)

3.| da li je omogucen pristup Zivotinjama u transportnom sredstvu/if there is access to animals in the transport
vehicle

4.| program ¢iscenja i dezinfekcije (procedure, uputstva, zapisi)/cleaning and disinfection program (procedures,
instructions, records)

5.| dalije podna povrsina od neklizaju¢eg materijala (da li je hrapava povrsina ili ne, da li ima fekalnog materijala
ili ne, da li je vlazna povrsina ili ne, da li ima prostirku ili ne)/if the floor area is made of non-slip material
(whether rough surface or not, whether there is fecal material or not, whether the surface is wet or not, whether
there is a bedding or not)

6.| dalije obezbedeno da ne dolazi do izlivanja urina i fecesa/ whether it is provided that there is no leakage of
urine and feces

da li ima odgovarajucu ventilaciju/whether the air ventilation is appropriate

da li ima odgovarajuci svetlosni izvor/whether the light source is appropriate
da li poseduje protivpozarnu opremu/ whether it has the firefighting equipment

da li poseduje opremu za hranjenje ako se radi o duzim transportima/ whether it has the feeding equipment in
case of longer transports
11.| ako se radi o duzem transportu (preko osam Casova), da li poseduje odgovarajuéi uredaj za odrzavanje

i pracenje temperature/in the case of longer transport (over eight hours), if there is a suitable device for
maintenance and temperature monitoring

AR

12.| $ta ¢ini opremu za utovar/istovar/what makes the equipment for loading / unloading
13.| obelezavanje vozila/identification of the vehicle
B) LICE KOJE UPRAVLJA VOZILOM/ THE PERSON DRIVING THE VEHICLE

14.| koliko ima iskustva u transportu zivotinja (godine rada na ovim poslovima)/experience in the transportation
of animals (how many years on the job)

15.| da li je prosao obuku vezano za uslove dobrobiti zZivotinja prilikom transporta/whether he/she is trained
regarding the requirements of animal welfare during transport

C) RAMPE ZA ISTOVAR/LIFTOVI/UNLOADING RAMPS-LIFTS

16. | ako je pod nagibom da li je odgovarajuci, ako je nagib preko 10 % da li ima zastitnu ogradu/ If there is a slope,
is it appropriate, if the slope is more than 10% if there is a protective barrier

17.| da li je rampa zasticena od vremenskih uslova/whether the unloading ramp is protected from the weather
conditions

D) ZIVOTINJE/ANIMALS

18.| period dana kada su zivotinje transportovane i duzina transporta/period of the day when the animals were
transported and transport distances

19.| spoljasnja temperatura na dan transporta/outside temperature on the day of transport

20. | kg/m? (M/IT)?

21.| dali su zivotinje/posiljka sa iste/razlicite farme ili iz otkupa/whether the animals/shipment originate from the
same/different farms or were they purchased

22.| da li su zivotinje uznemirene ili se istovaruju u miru (1 — zivotinje nisu uznemirene: zivotinje su mirne i
uobicajeno se oglasavaju; 2 — zivotinje su umereno uznemirene: do 50% Zivotinja je uznemireno i intenzivnija
je vokalizacija; 3 — zivotinje su izrazito uznemirene; vise od 50% zivotinja je uznemireno i intenzivnija je
vokalizacija)/if the animals are disturbed or are unloaded at rest (1 — animals are not disturbed: the animals
are calm and vocalize as usual, 2 — moderately disturbed animals: up to 50% of the animals is disturbed and
the vocalization is more intense, 3 — animals are very upset; more than 50% of the animals is upset and there
is intense vocalization)

23.| u kojoj meri se koriste sredstva prinude i koja/the extent to which the means of force are used in animal
handling and which means

24.| broj zivotinja koje ne mogu da ustanu posle transporta/number of animals that can not stand up after transport
25.| koliko zivotinja je sa prelomima/number of animals with fractures

26.| koliko Zivotinja je sa: A) ranama/ugrizima; ili B) drugim povredama (masnice/ogrebotine)/how many animals
are with: A) wounds/bites, or b) other injuries (bruises/scratches)

27.| da li su zivotinje Ciste (1 — Ciste zivotinje bez vidljivih fekalnih necistoca; 2 — suva fekalna necistoca po
ekstremitetima, donjim delovima abdomena i sl.; 3 — vlazna fekalna necisto¢a po ekstremitetima i donjim
delovima abdomena i sl.)/ whether the animals are clean (1 — clean animals with no visible fecal contamination;
2 — dry fecal contamination on the extremities, the lower part of the abdomen, etc.; 3 — wet fecal contamination
on the extremities and the lower part of the abdomen, etc.).

28.| dali ima uginulih zivotinja i koliko/if there are dead animals and how many
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dobrobiti, tako da je neophodno shvatiti sustinu pro-
blema i pozeljno je imati §to manje manipulativ-
nih koraka sa zivotinjama (Karabasil i dr., 2011).
Siroko je prihvaceno da transport predstavlja stre-
snu epizodu u Zivotu zivotinja (von Borell i Schaffer,
2005; EC, 2004). Prilikom transporta, menja se Ci-
tav ambijent na koji je zivotinja navikla. Transport
nije jedan usko definisan stresor nego predstavlja
kombinaciju viSe faktora, jer se Zivotinja srece sa ra-
zlicitim i eventualno nepoznatim materijalima, mi-
risima, intenzitetom svetlosti, zvucima i vibracija-
ma, manipulacijom od strane operatera, odvajanjem
iz grupe 1 mesanjem sa nepoznatim jedinkama, pro-
menom temperature i cirkulacijom vazduha, povre-
dama, ogranic¢enim prostorom, uskra¢ivanjem vode
i pi¢a. Kao rezultat toga, neminovno proizilazi ¢inje-
nica da se prilikom transporta ne mogu, u potpuno-
sti, ispostovati nacela dobrobiti.

Stres predstavlja odgovor organizma na Stetne
faktore sredine. Ishod stresa moze biti adaptacija, ili
iscrpljenje adaptacije, $to dovodi do kolapsnog stanja.
Pod uticajem brojnih stresogenih faktora, kao posledi-
ca transporta (ekstremna temperatura, buka, grub po-
stupak, gladovanje i sl.), mogu se javiti i prvi znaci
stresa kod svinja u vidu podrhtavanja misica i repa,
kao 1 nepravilnog i otezanog disanja. Od ostalih zna-
kova stresa javlja se naizmeni¢na pojava belih i za-
crvenjenih podrucja na kozi, naglo povecanje telesne
temperature, cijanoza, uko¢enost misica i, eventualno,
uginuce u kolapsnom stanju. Kao posledica delovanja
stresora, organizam teze neutraliSe mikroorganizme
koji prodiru iz digestivnog trakta i smanjena je otpor-
nost prema infektivnim bolestima. Stres ima i nega-
tivan uticaj na senzorna svojstva mesa, konzistenci-
ju, ukus, miris i boju (C‘epin, 2001; Barton i dr., 2003;
Dokmanovi¢, 2012). Uginuc¢a tokom transporta pred-
stavljaju objektivan indikator patnje Zivotinja. Prema
podacima iz literature, smrtnost svinja kao posledica
transporta, u zemljama Evropske unije, nalazi se u op-
segu 0,03-0,5%, mada je primetan trend smanjenja
(Christensen i dr.,, 1994; Barton i dr., 2003).

U radu su ispitani parametri transporta zivoti-
nja koji se odnose na prevozno sredstvo i opremu,
rampe za istovar, lice koje upravlja vozilom i same
zivotinje.

Materijal i metode

Ispitivanje uslova transporta svinja sprovede-
no je na jednoj klanici u toku pet nedelja, tako da
se svake nedelje dan prikupljanja podataka menjao.
Sacinjena je kontrolna lista sa definisanim pitanjima
za parametre koji su se odnosili na slede¢e aspek-
te uslova transporta: a) ispitivanje uslova prevoznog

sredstva 1 opreme (13 pitanja); b) lice koje uprav-
lja vozilom (dva pitanja); c) rampa za istovar/liftovi
(dva pitanja); c) zivotinje (11 pitanja).

U tabeli 1 prikazana je kontrolna lista sa defini-
sanim pitanjima i parametrima za ocenu uslova do-
brobiti i transporta zZivotinja. Ispitivanje je sprovede-
no u jesenjem periodu (novembar).

Rezulatati i diskusija

Transport predstavlja jedan od glavnih stresora
1 moze imati negativne posledice po zdravlje, dobro-
bit zivotinja i, neminovno, za kvalitet mesa.

Prevozno sredstvo i oprema. Prevoz zivotinja
za potrebe klanice u kojoj je sprovedeno ispitivanje
realizovan je sa dva vozila. Oba vozila su imala za-
Stitu od atmosferskih uslova i odgovarajucu, hrapa-
vu podnu povrsinu od neklizajuc¢eg materijala. U vo-
zilu A postojala je zastita od izlivanja urina i fecesa
dok je vozilo B nije imalo. Posto se radilo o klani-
ci malog satnog kapaciteta, koja se zivotinjima snab-
devala iz okruzenja, a prevoz nikada nije trajao duze
od 8 ¢asova, nije bilo potrebe za opremom za hranje-
nje. Od mesta nabavke do klanice transport je, najce-
S¢e, trajao do 3 Casa. S obzirom na specifi¢nost po-
siljke, vozilo bi moralo da bude jasno oznaceno da
je namenjeno transportu zivotinja, ali ni vozilo A, a
ni vozilo B nisu imali adekvatnu oznaku.Vozilo A je
imalo unutrasnju povrsinu od 18 m?, a vozilo B od
8 m?. Da ne bi nastao problem sa pretovareno$¢u vo-
zila, prilikom transporta svinja treba da se vodi ra-
¢una o dostupnoj podnoj povrsini u vozilu, kao i o
tnom sredstvu treba da imaju moguénost da legnu i
da ustanu kada za to imaju potrebu (RSPCA4, 2010;
MAF, 2010; EC, 2004). Da bi se zadovoljio ovaj kri-
terijum, trazeni minimum prostora, za tovne svinje
(oko 100 kg) ne treba da prede 235 kg/m? (+10%), ili
da po transportovanom tovljeniku bude obezbedeno
0,42 m? podne povrsine. Dostupna podna povrSina
(A) se moze izraCunati iz formule A = 0,0192W0%¢7,
gde je ,,W* masa trupa Zivotinje. Za lakSe katego-
rije svinja (do 30 kg), preporucuje se 169 kg/m?, ili
0,18 m? podne povrsine. Tokom pet nedelja prace-
nja uslova transporta svinja, odnosno pet dana saku-
pljanja podataka, vozilo A je koriS¢eno za prevoz tri
puta, a vozilo B dva puta. Vozilo A, nije bilo ni u jed-
nom slucaju pretovareno, jer je masa po metru kva-
dratnom iznosila, u prvoj nedelji 183 kg/m?, u drugoj
nedelji 83 kg/m? a u tre¢oj nedelji 217 kg/m?. Vo-
zilo B, prilikom transporta prasadi, u ¢etvrtoj nede-
lji eksperimenta nije bilo pretovareno (106 kg/m?),
dok je u petoj nedelji ovo vozilo bilo pretovareno.
Prilikom transporta tovljenika i krmaca, opterecenje
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vozila je bilo 262 kg/m?, a ne bi smelo da bude vise
od 258,5 kg/m? (235 kg /m? + 10%). Prilikom tran-
sporta, razliCite kategorije zivotinja nisu bile fizicki
razdvojene, kao ni posiljka prasadi koja je poticala sa
dve farme. Kao posledica, primetan je bio i povecan
procenat povreda Zivotinja, pa i uginuc¢a. Jedan od
zahteva prilikom transporta svinja jeste da se obez-
bedi dovoljno prostirke da bi Zivotinje imale odgo-
varaju¢e uslove i sprecile eventualne povrede usled
klizave i vlazne podne povrsine. Prilikom osvedoce-
nja u uslove koji se odnose na prostirku, na podnoj
povrsini, ili nije uopste bila stavljena prostirka, ili je
bilo jako malo, $to je neopravdano sa aspekta dobro-
biti zivotinja. lako se po istovaru sprovodilo redovno
odrzavanje vozila, ono se obavljalo rutinski, a radni-
ci nisu imali uputstva, tako da se nisu vodili ni zapi-
si 0 odrzavanju higijene kao ni provera efektivnosti
sprovedenog ¢is¢enja, pranja i dezinfekcije.

Lice koje upravlja vozilom. Lice koja uprav-
ljaju vozilom treba da ima odgovarajucu obuku iz
oblasti dobrobiti zivotinja (SI. glasnik RS, 14/2010).
Takode, mora da ima dovoljno znanja i vestina da,
ukoliko ima potrebe, radi i manipuliSe sa Zivotinja-
ma. U ispitivanoj klanici, vozilima za transport Zi-
votinja upravljaju dva lica. Jedan vozac radi na po-
slovima transporta zivotinja dve godine, dok drugi
Cetiri meseca. Nijedan od njih nije prosao odgova-
rajucu obuku iz oblasti dobrobiti zivotinja, niti ima
iskustava u manipulaciji sa Zivotinjama. Obuka oso-
blja koje vrsi prevoz je znacajna, da bi mogli da
shvate ulogu koju imaju, jer prevoze ziva bica i, sa-
mim tim, svaki polazak odnosno zaustavljanje vozi-
la mora biti adekvatno kao i sam tok transporta, bez
naglih ubrzanja, odnosno kocenja, skretanja i sl.

Rampe za istovar. Osnovni uslov prilikom isto-
vara svinja jeste da prostor ispred zivotinje bude slo-
bodan i da ima dovoljno prostora za transfer zivoti-
nja iz vozila u koridor/sto¢ni depo. Prilikom istovara
iz vozila A, u kome je postojala ograda, nagib je
iznosio 25°. Za vozilo B, rampa je bila pod nagibom
od 20°, a vozilo nije imalo odgovarajuc¢u ogradu,
tzv. bo¢nu barijeru. U Standardu za svinje (RSPCA,
2010) navodi se da na mestu utovara/istovara svinja,
nagib ne bi trebalo da bude veci od 20% u odnosu na
horizontalnu povrsinu, tj. veéi od 11°.

Zivotinje. Ispitivanje uslova transporta svinja
sprovedeno je tokom pet nedelja u jesenjem periodu
(novembar), s tim Sto se svake nedelje dan rotirao,
da bi se obuhvatili svi radni dani u nedelji (I nedelja
— ponedeljak; II nedelja — utorak; III nedelja — sreda;
IV nedelja — Cetvrtak; V nedelja — petak). U pomenu-
tom periodu, prevoz Zivotinja, za potrebe ispitivane
klanice, obavljao se u prepodnevnim ¢asovima u in-
tervalu od 07:00 do 12:00 ¢asova. PoSto su se Zivoti-
nje nabavljale iz okruZenja, transport je u navedenom

periodu ispitivanja najkrace trajao u Cetvrtoj nedelji
(pola sata), a najduze u drugoj nedelji (2 sata i 20 mi-
nuta). DuZina trajanja transporta je merena od mo-
menta polaska vozila sa mesta nabavke do momen-
ta prispe¢a vozila u krug klanice. Zivotinje su odmah
po prispecu istovarane iz vozila u sto¢ni depo. Prili-
kom istovara, od sredstava prinude radnici su kori-
stili, najcesce, elektricni gonic. lako imaju po neko-
liko godina iskustva u radu sa Zivotinjama, nijedan
od radnika nije imao obuku iz oblasti dobrobiti i po-
nasanja zivotinja. Takode, nije postojalo ni uputstvo
za upotrebu elektricnog gonica, tako da su ga radni-
ci primenjivali relativno Cesto, viSe puta na istoj zi-
votinji, na razli¢itim mestima po telu. Prema osnov-
nim nacelima dobrobiti Zivotinja, sredstva prinude se
koriste u krajnjoj nuzdi, i to u regiji buta u trajanju
od 1 minuta, a ne smeju se koristiti ukoliko zivotinja
nema slobodan prostor ispred sebe (O/E, 2011). Rad-
nici, su ¢esto i ne vodeci racuna, aplikovali elektric-
ni goni¢ na zivotinjama koje su bile poslednje u nizu
i, samim tim, stvarali su dodatnu uznemirenost, po-
Sto Zivotinja nije mogla da napravi sledeci korak od
zivotinje koja se nalazila ispred nje. Prema preporu-
ci OIE-a (2011), kao sredstva prinude navode se pla-
sti¢ne flaSe, zastavice i sl., kao pomo¢ pri manipula-
ciji sa zivotinjama, ¢ija uloga nije u fizickoj primeni
sile i prinude. U petoj nedelji ispitivanja, radnici nisu
koristili elektricni gonic, jer nije bio ispravan, ve¢ dr-
veni Stap. U ovakvoj situaciji, ne treba kriviti samo
radnike, koji, pored toga §to nisu imali odgovarajuéu
obuku, preuzimali su ulogu koju je trebalo da ima ru-
kovodstvo u reSavanju ovako vaznog aspekta, a to je
korisc¢enje odgovarajucih i dozvoljenih sredstava pri-
nude pri manipulaciji sa zivotinjama.

Ocena uslova da li su Zivotinje istovarane u
miru ili su uznemirene izvrSena je na osnovu skale u
okviru liste provere: 1 — zZivotinje nisu uznemirene;
zivotinje su mirne i uobicajeno se oglasavaju; 2 — zi-
votinje su umereno uznemirene; do 50% zivotinja je
uznemireno i intenzivnija je vokalizacija; 3 — zivoti-
nje su izrazito uznemirene; vise od 50% zivotinja je
uznemireno i intenzivnija je vokalizacija.

Uznemirenost zivotinja je samo u jednoj ne-
delji ocenjena kao ,,izrazito uznemirene* (3), dok je
za ostale nedelje ispitivanja oznacena kao ,,umere-
no uznemirene® (2). Jedan od razloga za ovu situaci-
ju je 1 bu¢na manipulacija radnika, kao i nekontroli-
sana upotreba prinudnih sredstava prilikom istovara
zivotinja u, za njih, nepoznatu sredinu, a pri tom ne
vode¢i racuna o obezbedivanju i dostupnosti slobod-
nog prostora koji je neophodan da bi Zivotinja mogla
da napravi iskorak.

Parametar za ocenu uslova transporta jeste i ¢i-
stoca samih zivotinja, koja je posledica uslova u ko-
jima se zivotinje uzgajaju i transportuju. Za ocenu
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Cistoée zivotinja sacinjena je bod skala: 1 — Ciste zi-
votinje bez vidljivih fekalnih neéistoca; 2 — suva fe-
kalna necistoca po ekstremitetima, donjim delovima
abdomena 1 sl.; 3 — vlazna fekalna necistoca po ek-
stremitetima i donjim delovima abdomena i sl.

U toku prve Cetiri nedelje Cisto¢a zivotinja je
ocenjena kao ,,vlazna fekalna necisto¢a“ (3), dok je u
petoj nedelji ocenjena kao ,,suva fekalna necisto¢a*

(2). Ovo je, izmedu ostalog, i posledica transporta
zivotinja sa jako malo, ili bez odgovarajuce prostir-
ke, ali, verovatno, i rezultat losih uslova higijene na
samoj farmi.

U tabeli 2. prikazan je broj i procenat zivoti-
nja koje nisu mogle da ustanu, sa prelomima, po-
vredama i uginuéa kao posledica transporta. U pe-
riodu trajanja ispitivanja, ukupno je prevezeno

Tabela 2. Broj i procenat zivotinja koje nisu mogle da ustanu, zivotinje sa prelomima, povredama i uginuca

Table 2. Number and percentage of animals that could not stand up, animals with fractures, injuries and deaths

Broj (procenat) Brog-(prf)c-e L)
-, ] Zivotinja
Zivotinja koje .
B Broj (procenat) sa ranama/ .
oo s . nisu mogle da B . . Broj (procenat)
Kategorija i broj Zivotinja sa ugrizima S
q ustanu posle : - 3 uginulih
transportovanih prelomima/ ili drugim SN
] transporta/Num- Zivotinja/
=< | Zivotinja/Category and Number povredama/
) ber (percentage) Number
® | number of transported . (percentage) of Number
. of animals . . (percentage) of
E animals animals with (percentage) of .
S that could not . K dead animals
= fractures animals with
< stand up after ds/bit
53 transport wounds/bites or
4 other injuries
1. | Tovljenici/Fatteners | 30 0 0 7 (23%) 0
Krmace/Sows - - - - -
Prasad/Piglets - - - - -
Ukupno/Total 30 0 0 7 (23%) 0
2. | Tovljenici/fatteners — - - - -
Krmace/Sows - - - - -
Prasad/Piglets 62 2 (3%) 2 (3%) 12 (19%) 0
Lupno 62 2 (3%) 2 (3%) 12 (19%) 0
3. | Tovljenici/fatteners | 21 1 (5%) 1 (5%) 6 (28%) 0
Krmace/Sows 8 1 (12%) 1 (12%) 0 0
Prasad/Piglets 26 0 0 4 (15%) 2 (4%)
%‘;‘1’“0 55 2 (4%) 2 (4%) 10 (18%) 2 (4%)
4. | Tovljenici/Fatteners | — - - - -
Krmace/Sows - - - - -
Prasad 0 9
Piglets 34 1 (3%) 0 16 (47%) 0
Ukupno o o
Total 34 1 (3%) 0 16 (47%) 0
5. Tovljenici/Fatteners | 11 0 0 5 (45%) 0
Krmace/Sows 7 0 0 3 (43%) 0
Prasad/Piglets - - - - -
Ukupno/Total 18 0 0 8 (44%) 0
UKUPNO/TOTAL 199 5 (3%) 4 (2%) 53 (27%) 2 (1%)
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199 zivotinja. Od tog broja, 3% svinja nakon tran-
sporta nije moglo da ustane, dok je 2% zivotinja
imalo prelome. Posto nije vr§eno osvedocenje na
mestu nabavke, pretpostavlja se da je jedan od ra-
zloga za veliki broj zivotinja sa povredama (27%)
grub postupak sa svinjama prilikom utovara, a naj-
¢esc¢e povrede bile su ogrebotine u predelu leda.
Smrt zivotinja kao posledica transporta predstav-
lja objektivan indikator patnje. Uginuca su zabe-
lezena jedino u toku tre¢e nedelje ispitivanja, i
to dva praseta od 55 zivotinja koliko je tom pri-
likom bilo transportovano (26 prasadi, 8 krmaca i
21 tovljenik). Procentualno posmatrano, to je 4%
za posmatrani dan transporta, a u odnosu na uku-
pan broj transportovanih zivotinja obuhvacéenih
eksperimentom 1%. U vecini zemalja Evrope, pre-
ma podacima iz literature (Christensen i dr., 1994;
Barton i dr., 2003), uginuca se krecu do 0,5%, i
primetan je trend smanjenja.
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Zakljucak

Na osnovu rezultata i njihovog kritickog raz-
matranja moze se zakljuciti da je neophodno da se
unapredi dobrobit zZivotinja sa aspekta uslova tran-
sporta. Transportna sredstva koja su koriS¢ena, iako
su imala odredenu opremu, nisu imala sve uslo-
ve za adekvatno sprovodenje transporta. Istovarna
rampa nije bila odgovarajuéa, jer nije imala zasti-
tu od atmosferskih prilika. Nagib za istovar za vozi-
lo A nije bio odgovarajuéi, a za vozilo B rampa nije
imala bo¢ne zastite. Radnici su neadekvatno koristi-
li sredstva prinude. Lica koja su upravljala vozilom
nisu imala odgovaraju¢u obuku kao ni potrebna zna-
nja za transport zivotinja. Nije se vodilo rauna o
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The study of transport conditions of pigs to the
slaughterhouse

Karabasil Nedeljko, Vasiljevi¢c Milan, Dimitrijevi¢ Mirjana, Vucini¢ Marijana, Pordevic¢ Vesna,
Ivanovié¢ Jelena, Kureljusi¢ Jasna

Summ ary: Transport of animals from the farm to the slaughterhouse carries numerous obstacles: manipulation and contact
with the man/operator, transport, different conditions and environment which the animal is now facing and is not used to, deprivation
of food and water, changes in the social structure, separation and/or mixing of animals. As a consequence, the animals can develop
fear, dehydration, hunger, increased physical activity and tension, fatigue and injury. Inability of animals to overcome stress factors
may further complicate and highlight the consequences and have a negative impact on the meat quality. In this paper, conditions of
transport of pigs were analysed by following the appropriate parameters relating to vehicle and equipment, the person driving the
vehicle, the process of unloading animals and effects of transport (fractures, mortality, etc.). The means of transport used to transport
animals from the place of procurement to the slaughterhouse did not fully satisfy the required criteria. As a result of transport, 3% of
the animals were unable to stand up, 2% of the animals had fractures, and 1% mortality was recorded.

Key words: swine, transport, welfare.
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Investigation of Shiga-like toxigenic Escherichia coli in
meat products by quantitative PCR

Velebit Branko', Lakicevi¢ Brankica!, Borovi¢ Branka', Jankovi¢ Vesna!, Spiri¢ Danka’, Balti¢ Tatjana’

Abstract The aim of this study was to investigate and evaluate effectiveness of quantitative PCR (qPCR) in quantification
of Shiga-like toxigenic E. coli (STEC) in artificially contaminated deli meat slices compared to plate count technique. Experiment was
designed to investigate capability of gPCR using selected pair of primers amplifying rpoB household gene and serial decimal dilution
of an overnight suspension of E. coli O157:H7 culture. Subsequently, slices of smoked pork loin were contaminated by respective deci-
mally diluted dose of STEC. DNA was extracted from the samples and gPCR was run in triplicate. Mean Ct values of amplified rpoB
gene were compared to each inoculum dose and standard curves were generated. Results clearly showed that the lowest detectable
level of STEC in pork loin slices using gPCR was 6.8 x10' CFU/g. Further optimization of method should be done in order to resolve,

if possible, discrepancies at the levels of contamination less than 100 CFU/g.

Key words: qPCR, E. coli O157, quantification.

Introduction

Shiga-like toxigenic E. coli have emerged as
important food-borne pathogens, causing hemor-
rhagic colitis, which is sporadically complicated by
hemolytic uremic syndrome. Onset of the illness re-
quires a very low dose of STEC, in between 10-700.
Standard or validated alternative methods are avail-
able and are recommended to be used for the de-
tection and isolation of STEC O157 from food and
animals. For the other serotypes, there are no uni-
versally accepted and validated methods, but prag-
matic approaches have been produced. Pathogenic
E. coli strains can be divided into Enteropathogen-
ic E. coli (EPEC) strains, which “only” cause A/E
(attaching-and-effacing) lesions, Shiga-toxin pro-
ducing E. coli (STEC) strains, which possess and
express stx genes, and Enterohemorrhagic E. coli
(EHEC), which constitute a subset of STEC as clas-
sical EHEC can cause both hemorrhagic colitis (HC;
due to AE lesion) and hemolytic uremic syndrome
(HUS; due to the Shiga toxins) (Buncic¢, 2000). Dif-
ferent virulence genes, such as stx; and stx, and their
variants, which encode Shiga toxins, eae, which en-
codes the bacterial outer-membrane protein intimin,

nle, which encodes translocated substrates of the
type III secretion system, esxA, which encodes the
EHEC hemolysin, iha, which encodes an adherence-
associated protein, espP, which encodes the serine
protease, and ilyA,which encodes enterohemolysin,
have been targeted to assess the presence of STEC
(Coombes et al., 2008; Paton and Paton, 1998;
Pradel et al., 2008).

Improved methods for the detection and iso-
lation of STEC non-O157 from foods, animals and
the environment should be developed and validat-
ed. There is no standard protocol for enumeration
of STEC O157 or other STEC serotypes in food or
environmental samples and such quantitative meth-
ods should be developed. Enumeration of STEC is
generally not conducted as part of routine monitor-
ing or testing programs, although quantitative data
are essential to better understand the human health
risks. Recent advances in molecular detection meth-
ods combine the traditional detection methods and
target serotype specific genes, stx, as well as other
virulence genes. However, isolation of STEC, and
subsequent strain characterization is still needed in
order to ensure that the detected genes are present on
the same bacteria.

Acknowledgements: A part of this study was funded by the European Commission within the 6" Framework
Program (Ne 007081) ,,PathogenCombat: Control and prevention of emerging and future pathogens at cellular

and molecular level throughout the food chain®.
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Microbial cross-contamination at produc-
tion site is one of the major factors of contamina-
tion of foods with STEC. Good hygiene practices
at the abattoirs and at processing plants, including
monitoring for microbiological indicators (Enter-
obacteriaceae and in generic E. coli), is likely to
be the most effective method for reducing the pub-
lic health risks for STEC infection. However, com-
pliance with the hygiene criteria does not necessari-
ly guarantee the absence of STEC at concentrations
sufficient to cause human disease. Application of ef-
ficient validated HACCP-procedures for produc-
tion of raw ready-to-eat meat, meat preparations and
other foods is important to reduce the public health
risks for STEC infection (EFSA 2008).

Generally, the DNA amplification-based tech-
niques are rapid and will give a result within hours.
One of the advantages of DNA-based methods is
that it is possible to simultaneously investigate cul-
tures for several genes at the same time. Howev-
er, when testing mixed cultures the detected genes
might not originate from the same STEC strain. By
using DNA-based methods it is also possible to dif-
ferentiate between the different stx subtypes. Fur-
thermore, several quantitative PCR methods can be
used to assist in subculturing of selected enrichment
broths with priority given to the highest target con-
centration since there is a correlation between the
number of stx gene copies and the success of isola-
tion of STEC from an enrichment broth. DNA based
methods have the disadvantage of being unable to
distinguish between DNA from viable and non-vi-
able cells, although this may only be important in
specific situations.

In the last 10 years, Real-Time PCR systems
based on SYBR Green I and TagMan technologies
have increasingly been used for accurate and reli-
able detection and quantification of various food-
borne pathogens (Rodriguez-Lazaro et al., 2004a;
Rawsthorne and Phister, 2006; Skdnseng et al.,
2006; Malorny et al., 2007), including STEC in con-
taminated samples along the food production chain.
Compared to conventional PCR-based methods, Re-
al-Time PCR technologies involve a lower risk of
cross-contamination because the presence of the

target sequence(s) in the sample is indicated by an in-
crease in fluorescence signal, and no post-PCR pro-
cessing of the sample is required (Rodriguez-Lazaro
et al., 2004c; Rossmanith et al., 2006; Cocolin and
Rantsiou, 2007).

Materials and methods

E. coli O157:H7 ATCC 35150 strain was used
for assessing Real Time PCR efficiency, optimiza-
tion of amplification conditions and inoculation of
pork loin slices.

BHI broth (Oxoid, UK) was used for cultiva-
tion of strain preceding DNA extraction and for in-
oculation of dry pork loin slices. MRD (Merck, Ger-
many) was used for preparation of serial dilutions.
ChromID O157:H7 agar (Biomerieux, France) was
used for quantification of E. coli O157:H7 in both
overnight (o/n) culture broth and in inoculated sam-
ples. The final concentration of cells in the meat
product ranged from 108 to 10! CFU/g.

Extraction of DNA from cultures and inoculated
samples

One mL of an o/n culture was centrifuged at
13.000 rpm for 5 min at 4°C and resuspended in
100 pl of PrepMan Ultra reagent (Applied Biosys-
tems, Foster City CA, USA) placed in a 1.5 mL mi-
cro centrifuge tube. The samples were heated in
boiling water for 10 minutes, allowed to cool to
room temperature and centrifuged at 13.000 rpm for
2 min. The supernatant (containing the DNA) was
transferred to a clean 1.5 mL micro centrifuge tube.
DNA was quantified by using the UV Biophotome-
ter instrument (Eppendorf, Germany) and diluted to
a final concentration of 100 ng/uL.

For loin slices, 10g of sample was diluted in
90 ml of Maximum Recovery Diluent (MRD) in a
stomacher bag and homogenized in a stomacher ma-
chine (AES Chemunex, France) for 1 min. The de-
bris was left to deposit for about 5 min. One mL of
homogenate was transferred to a 1.5 ml sterile tube

Table 1. List of primers used in experiment

Tabela 1. Spisak prajmera koji su koris¢eni u ogledu

Primer name/
Ime prajmera

Sequence (5-3")

Amplified product size/
Veli¢ina amplifikovanog proizvoda

rpoB-F
rpoB-R

GGTAGTGAATTTCGTCAGTTACA
GTATGTCCAATCGAAACCCCT

130 bp
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and centrifuged at 13.000 rpm for 5 min. The extrac-
tion was further carried as described above.

The oligonucleotides used as PCR primers are
shown in Table 1. These amplified a region of rpoB
housekeeping gene encoding RNA polymerase [3
subunit.

Amplification conditions

Real Time PCR amplification was performed
using a Brilliance III SYBR Green Real Time PCR
kit (Agilent, USA) in a total volume of 20 pL con-
taining 10 pL of 2% reaction buffer, 1 pL of each
primers, 1 pL of template DNA and 7 pL of PCR
water to make up the final volume. Amplification
was performed using an Agilent MX3005P thermo
cycler (Agilent Technologies, USA). Thermal cy-
cling conditions was as follows: initial denaturation
at 95°C for 5 min, followed by 40 cycles of 95°C for
10 s and 60°C for 20 s.

Enumeration

An overnight culture of E. coli O157:H7 used
to contaminate the sliced pork loin was enumerat-
ed on ChromID O157:H7 agar to determine the ex-
act count of colony forming unit (CFU) inoculated
in the samples. The signals obtained (threshold cy-
cle, Ct) for the serial dilutions of E. coli O157:H7
in MRD and in pork loin were plotted against the
logio CFU/mL or CFU/g to construct the calibra-
tion curves. Determination coefficients (R?) and

amplification efficiency (AE) were calculated as
described previously by Higuchi et al. (1993). Due
to plating of 0.1 mL volume of each dilution the
samples inoculated by <10 CFU/mL were not de-
tectable.

Results and discussion

When cells were diluted in MRD (Figure 1.),
the linearity range was from 8.78 log;o CFU/mL to
1.78 logio CFU/mL, covering 7 orders of magnitude.
The efficiency was 99.25% and the correlation coef-
ficient (R?) was 0.959.

Due to design of experiment, results of 5 levels
of inoculation of sliced pork loins with serially di-
luted E. coli O157:H7 cells are displayed (Figure 2).
The efficiency in this case was 101.35% and the cor-
relation coefficient (R?) was 0.972.

Results showed that it was possible to quanti-
fy count of E. coli O157:H7 in MRD using standard
curve down to the level of less than 100 CFU/mL,
more precisely at about 60 CFU/mL. At lower di-
lution levels (from 1 to 10 CFU/mL) Ct signals
couldn’t be detected. Moreover, even at the 10-fold
higher level, discrepancies of the Ct signals were no-
ticed (data not shown) which could be attributed to
the very small amount of initial DNA, non-homog-
enous distribution of bacteria in samples, or varia-
ble amplification efficiency during the first several
cycles. Regarding quantification of E. coli O157:H7
in sliced smoked pork loin, we determined that
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Figure 1. DNA standard curve of E. coli O157:H7; decimal dilutions in MRD
Slika 1. Standardna prava DNK E. coli O157:H7; decimalna razblazenja u MRD
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Figure 2. DNA standard curve of E. coli O157:H7 decimal dilutions in slices of smoked pork loin

Slika 2. Standardna prava DNK E. coli O157:H7; decimalna razblazenja u uzorcima svinjske dimljene pecenice

absolute limit of quantification using standard curve
was at approximately 70 CFU/g. However, this data
should be taken with great care since choice of kit
for DNA, possible carryover of impurities or inhib-
itors, presence of aggregated cells etc., can have a
significant effect on quantification results and could
lead to misinterpretation.

In our experience which derived from repeat-
ed experiments of this type, safety margin (95% CI)
in terms of LOQ of E. coli O157:H7 in this type of
meat product should be in range 100-300 CFU/g.

For the DNA standard curves, the efficiencies
were different based on the matrix used, however
the R? value was always acceptable (> 0.930).

Regarding alternative protocols of quantifi-
cation of food-borne pathogens, Fukushima et al.
(2007) proposed a buoyant density gradient centrif-
ugation as concentration method for 12 food-borne
pathogens. The detection limit of the protocol var-
ied from 10-103 CFU/g, presenting favorable appli-
cability for Salmonella spp. and C. jejuni, for which
the detection of 10-10?> CFU/g in naturally contami-
nated chicken was obtained in 3 hours.

However, the results in terms of quantification
limit obtained here are in agreement with the reports

of other authors who developed qPCR protocols
to quantify L. monocytogenes in meat (Rodriguez-
Lazaro et al., 2004) and in salmon products (Rodri-
guez-Lazaro et al., 2005).

Conclusion

In this study, we evaluated efficiency of Re-
al-Time PCR quantitative methods against the Plate
Count technique for quantification of decimal di-
lution series of STEC in deli meat matrix. The Re-
al-Time PCR methods showed similar accuracy for
quantitative detection of examined samples, but the
sensitivity of Plate Count Technique was 1-2 logs
lower than the investigated molecular assays. Ac-
cording to the obtained results and with respect to
the advantages of the molecular systems, this assay
could be considered as a potential alternative to tra-
ditional cultural methods used for quantification of
food borne pathogens in different foods and culture
media matrixes. Care should be taken when calculat-
ing counts in the “risky” range of values obtained by
using the standard curve, i.e. 100-1000 CFU/g or mL
and further studies should be carried out in order to
optimize protocol and performance characteristics.
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Ispitivanje Shiga-like toksigenih Escherichia coli u
proizvodima od mesa pomocu kvantitativnog PCR-a

Velebit Branko, Lakicevi¢ Brankica, Borovi¢ Branka, Jankovic¢ Vesna, Spiri¢ Danka, Balti¢ Tatjana

R ez ime: Cilj ovog rada bio je da se ispita, uporedi i oceni efikasnost kvantitativnog PCR-a u kvantifikaciji Shiga-like
toksigenih E. coli (STEC) u eksperimentalno kontaminiranim narescima proizvoda od mesa u odnosu na klasicnu tehniku brojanja
kolonija. Ogled je osmisljen tako da se primarno ispitaju mogucnosti kvantitativnog PCR-a koriséenjem izabranog para prajmera
koji amplifikuje deo rpoB ,, household* gena u ekstraktima DNK iz serijskih decimalnih razredenja prekonocne suspenzije kulture E.
coli O157:H7. Uzorci svinjske dimljene pecenice kontaminirani su odgovarajucim serijskim razredenjima STEC. Nakon Sto je ogled
ponovljen tri puta, napravljena je standardna prava odnosa srednje Ct vrednosti amplifikacionog signala za gen rpoB i odgovarajuceg
razredenja inokuluma. Dobijeni rezultati jasno ukazuju da je limit kvantifikacije STEC u vestacki inokulisanoj pecenici koji se moze
detektovati kvantitativnim PCR-om 68 CFU/g. Neophodna je dalja optimizacija ove metode kako bi se uklonila neslaganja koja se
Cesto pojavijuju kod nivoa kontaminacije manjih od 100 CFU/g.

Kljuéne reci: qPCR, E. coli O157, kvantifikacija.
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Use of essential oils in order to prevent foodborne
illnesses caused by pathogens in meat

Boskovi¢ Marija', Balti¢ Z. Milan', Ivanovi¢ Jelena!, Puri¢ Jelena!, Loncina Jasna!, Dokmanovi¢ Marija’,
Markovi¢ Radmila’

A b stract: Although food industry has improved production techniques and slaughter hygiene, pathogens found in meat,
such as Salmonella spp., Campylobacter spp. and E. coli still cause a number of foodborne illness outbreaks yearly all over the world.
The overuse of antibiotics and disinfectants in both veterinary and human medicine practice has led to phenomenon of multi-drug-
resistance of bacteria, which highlights the research needs on new antimicrobial agents. One of the alternatives is use of essential oils,
which are aromatic oily liquids obtained from plant material by different methods. It has been proved that essential oils exhibit variable
antibacterial activity, depending on the type of bacteria as well as on the chemical composition of essential oil being used. Essential
oils (Eos) have antioxidant role, and inhibitory role not only to pathogens, but also to the spoilage microorganisms, which subsequently

affects quality and extends meat shelf-life in order to produce safer and healthier product.
Key words: plant essential oils, antibacterial properties, food borne pathogens, meat.

Introduction

In the recent years, food safety issues have be-
come one of the main public health concerns. In
2005, WHO reported 1.8 million of death caused by
diarrheal diseases, mostly associated with contami-
nated food and drinking water (Newell et al., 2010;
Sofos, 2008). Before 1970°s Salmonella spp., Shi-
gella spp., Clostridium botulinum, Staphylococcus
aureus, Bacillus cereus were recognized as the ma-
jor causes of gastrointestinal disease, and during the
1980°s and 1990°s Campylobacter spp., Yersinia en-
terocolitica, Listeria monocytogenes, Escherichia
coli O157:H7, Vibrio cholerae non Ol, Vibrio vul-
nificus, Norovirus, Cryptosporidium parvum, Cyclo-
spora cayetanensis, Enterobacter sakazakii and pri-
ons were added on the list of food pathogens, but
it is alarming that in about 50% of cases causative
agents still remain unknown (Sofos, 2008; Newell et
al., 2010; Linscott, 2011). Salmonella spp., Campy-
lobacter spp., enterohaemorrhagic E. coli, includ-
ing serotype O157:H7, present microbial patho-
gens of current concern in food, especially in meat,
which presents valuable source of proteins, fat, Fe

ion and B, vitamin, and has the main role in human
diet, while Listeria monocytogenes can be found in
ready-to-eat meat and poultry products (Bacon and
Sofos, 2003; Sofos, 2008; Balti¢ et al., 2010; Lin-
scott, 2011; Velebit et al., 2012, de Castro Cardoso
and dos Reis Baltazar Vicente, 2013). According to
farm-to-fork approach in food production, monitor-
ing of foodborne illnesses and pathogens as well as
structured approaches to food safety, such as HAC-
CP principles, have been implemented in the food
chain (Newell et al., 2010). Despite efforts and im-
provements in slaughter hygiene and food produc-
tion techniques in food industry, foodborne patho-
gens found in meat still cause a number of foodborne
illness outbreaks yearly all over the world (Burt,
2004; Sofos, 2008; Newell et al., 2010; Linscott,
2011). The overuse of antibiotics in order to reduce
pathogens in human medicine, as well as in veteri-
nary practice, has led to phenomenon of multi-drug-
resistant bacteria (Doyle and Erickson, 2006; Sofos
2008; Tohidpour et al., 2010). Intestinal infectious
diseases and bacterial resistance are not the only
problem associated with meat safety. Salt is most
common used additive which has been used since
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ancient times for the preservation of meat products
and plays great role in sensory and textural proper-
ties of meat and meat products. In spite of advantag-
es, use of salt has shortcomings because it is linked
to hypertension and consequently increased risk of
cardiovascular disease, which is why reducing salt
intake presents a new trend, but also a challenge for
meat industry (Desmond, 2006; Sofos 2008; Weiss et
al., 2010). Reducing NaCl levels below those typi-
cally used, without any other preservative measure,
reduces product shelf life and allows spoilage flora
to grow and render product unsafe for consumption
(Desmond, 2006, Weiss et al., 2010). All of these
have led to need for new methods of eliminating
or reducing foodborne pathogens and spoilage mi-
croorganisms, possibly in combination with the ex-
isting and already used methods (Burt, 2004). One
such possibility is the use of essential oils (EOs),
which present a better choice than some synthet-
ic chemical additives, especially for “organic” and
“natural” food production, which has become popu-
lar mostly in the Western society, and is widely ac-
cepted by consumers (Burt, 2004; Sofos 2008; Gut-
ierrez, 2009; Velebit et al., 2012). Essential oils are
aromatic oily liquids obtained from plant material by
different methods (Burt, 2004). EOs are also known
as volatile or ethereal oils, and they have been used
since ancient times for their perfume, flavor and pre-
servative properties (Bauer et al., 2001; Burt, 2004).
In adition to antibacterial properties, EOs also pos-
sesses antiviral, antimycotic, antitoxigenic, antipar-
asitic and insecticidal properties. Although some of
these properties have been recognized long ago, in
recent years scientific interest for essential oils and
their application in food is renewed (Burt, 2004).

Composition of EOs

Essential oils are the low molecular weight
liquids, limpid, rarely coloured, volatile mixtures,
which are lipid soluble and soluble in organic sol-
vents (Burt, 2004; Bakkali et al., 2008; Markovi¢
et al., 2008; Tajkarimi et al., 2010; Lv et al., 2011,
Bajpai et al., 2012). Essential oils play role in plant
defense and some are always present, while others
are produced as a response to microbial invasion or
physical injury (Hyldgaard et al., 2012). They are
synthesized by different plant organs, such as flow-
ers, leaves, seeds, fruits, roots, buds, stems, twigs,
wood or bark, and are stored in secretory cells, cav-
ities, canals, epidermic cells or glandular trichomes
from which they are obtained (Burt, 2004; Bakkali et
al., 2008; Tajkarimi et al., 2010; Lv et al., 2011; Ba-
Jjpai et al., 2012). Several methods including steam

and hydro distillation, solvent extraction, and ex-
pression are used for extracting essential oils (Burt,
2004; Bakkali et al., 2008; Tajkarimi et al., 2010).
The most common and the simplest method for pro-
ducing EOs for commercial purposes is steam dis-
tillation. More expensive method is extraction by
means of liquid carbon dioxide under low temper-
ature and high pressure produces. EOs produced in
this way have more natural organoleptic characteris-
tics, and exhibit greater antimicrobial activity (Burt,
2004).

Essential oils may have different properties de-
pending on climate, soil composition, age and vege-
tative cycle stage, which is why they have to be ex-
tracted under the same conditions, from the same
organ of the plant which has been growing on the
same soil, under the same climate and has been
picked in the same season (Burt, 2004; Bakkali et
al., 2008). Antimicrobial activity also varies, and it
is strongest in EOs produced from herbs harvested
during or immediately after flowering. Because EOs
are volatile, in order to maintain their characteris-
tics after extraction, they need to be stored in airtight
containers away from light (Burt, 2004).

Essential oils are complex mixtures, and con-
tain between twenty and sixty, and some of them
more than sixty individual components, which may
be determined by gas chromatography/mass spec-
trometry. The concentration of components is quite
different, and major components can constitute up
to 85% of the EO, while other components can be
found only in traces. These major components deter-
mine the biological properties of the essential oils.
However, studies conducted on sage, thyme and
oregano have shown that minor components have a
critical part to play in antibacterial activity, proba-
bly by producing a synergistic effect between major
components of EOs. Also, it is proved that oil as a
whole possess better antibacterial activity than only
a combination of major volatiles of the oil (Burt,
2004; Bakkali et al., 2008).

The components of essential oils usually are
divided into two groups, the main group which is
composed of terpenes and terpenoids, and the oth-
er composed of aromatic and aliphatic constituents.

Terpenes are made from combinations of sever-
al isoprene (5-carbon-base, C5) units. The monoter-
penes (C10) and sesquiterpenes (C15) present main
classes of terpenes. Monoterpenes constitute 90% of
the essential oils and work as carbure, alcohol, alde-
hyde, ketone, ester, ether, peroxide and phenols. The
sesquiterpene compounds contain three isoprene
units and the functional properties are very close to
monoterpene compounds. Hemiterpenes, diterpe-
nes, triterpenes and tetraterpenes terpenoid (terpene
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which contain oxygen) also exist, but in lower con-
centrations then monoterpenes and sesquiterpenes.

The aromatic compounds are the derivatives of
phenylpropane and they consist of aldehydes, alco-
hols, phenols, methoxy and methylenedioxy in na-
ture. A few nitrogen and sulfur compounds present
in EOs are also characterized as plant essential con-
stituents (Bakkali et al., 2008; Bajpai et al., 2012).

Despite a widespread opinion that the phenol-
ic components are responsible for the antibacterial
properties of EOs, recent studies showed that non-
phenolic compounds of oils extracted from oregano,
clove, cinnamon, citral, garlic, coriander, rosemary,
parsley, lemongrass, purple and bronze muscadine
seeds and sage also exhibit antibacterial activity
against Gram-positive, as well as against Gram-neg-
ative bacteria (Tajkarimi et al., 2010).

Antibacterial and antioxidant properties and
mechanism of action of EOs

Before they are added to the meat, antibacteri-
al activity should be tested in vitro conditions. The
minimum inhibitory concentration (MIC), which is
defined by most authors as a measure of the anti-
bacterial performance of EOs, should be determined
at first (Burt 2004; Lv et al., 2011). Minimum in-
hibitory concentration of EOs can be detected by
diffusion, dilution or bioautographic methods, of
which, diffusion method is mostly used in experi-
ments for screening for antibacterial activity, while
agar or broth dilution methods are used to determi-
nate strength of antibacterial properties. Scanning
electron microscopy is method of choice for ob-
servation of physical effects of antibacterial activ-
ity (Burt, 2004). Although tests for determinations
of MIC are not standardized, the NCCLS (Nation-
al Committee on Clinical Laboratory Standards,
actually CLSI — Clinical and Laboratory Stand-
ards) method for antibacterial susceptibility testing,
which is mainly used for the testing of antibiotics,
has been modified for testing EOs (NCCLS, 2000;
Burt, 2004). Even so, comparison of published data
is complicated because outcome of a test is affected
by different factors, such as the method used to ex-
tract the EOs from plant material, the volume of in-
oculum, growth phase, culture medium used, pH of
the media incubation time, temperature of incuba-
tion and many others, which is why it is preferable
for researches to determine MIC by themselves be-
fore conducting the experiment (Burt, 2004).

Also, it is important to be familiar with the
mode of action of EOs, in order to choose the prop-
er one, depending on what the active component of

EO is and which bacteria are tested to be inhibited.
Since essential oils consist of large number of com-
ponents, their antibacterial activity is not based on
one specific mechanism, but there are several tar-
gets in the cell. Interaction and damage of bacteri-
al cell membrane is considered to be the main mode
of antibacterial action of EOs. Hydrophobic nature
of EOs makes them to interact well with lipid mem-
brane of bacterial cell membrane and mitochon-
dria and cause permeabilization of the membranes.
Changes in membrane permeability occur as a re-
sult of loss of ions and reduction of membrane po-
tential, collapse of the proton pump and depletion
of the ATP pool, which eventually lead to leaking
of intracellular constituents, coagulation of cell con-
tents, lysis and cell death. The chemical structure
of the individual EO components affects their pre-
cise mode of action and antibacterial activity. Gen-
erally, the EOs possess the strong antibacterial prop-
erties against food borne bacteria because phenolic
compounds containing hydroxyl group such as car-
vacrol, eugenol and thymol, which are responsible
for disrupting the cell membrane and inhibiting the
functional properties of the cell. It appears that the
type of alkyl group has influence on antimicrobial
activity of non-phenolic components of EOs (Burt,
2004; Bakkali et al., 2008; Lv et al., 2011; Bajpai et
al., 2012, Velebit et al., 2012). There are some indi-
cation that EOs act on the enzymes involved in the
energy regulation or synthesis of structural compo-
nents, which is explained by the fact that some EOs
stimulate the growth of pseudomycelia (a series of
cells adhering end-to-end as a result of incomplete
separation of newly formed cells) in certain yeasts
(Burt, 2004).

Antibacterial properties of EOs depend not
only on EOs chemical characteristics, but also on
type of bacteria. Essential oils are more effective
against Gram-positive bacteria rather than Gram-
negative bacteria. Gram-negative bacteria are less
susceptible because their membrane contains hy-
drophilic lipopolysaccharides (LPS), which create
a barrier toward macromolecules and hydrophobic
compounds (Hyldgaard et al., 2012). Gram-nega-
tive bacteria, Pseudomonas spp., in particular P. aer-
uginosa, appear to be least sensitive to the action
of EOs, and exception of the rule is Aeromonas hy-
drophila, which appears to be one of the most sensi-
tive species (Burt, 2004).

Essential oils have not only antibacterial prop-
erties, but their application in meat can affect some
meat characteristics as well. Oxidation by free rad-
icals is one of the primary mechanisms of quality
deterioration in foods, and especially in meat prod-
ucts. Some secondary products of oxidation, like
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short-chain aldehydes, ketones and other oxygenat-
ed compounds may adversely affect quality of meat
by causing loss of color and nutritive value, limiting
shelf-life and making meat potentially dangerous for
consumer health (Simitzis et al., 2010). Active es-
sential oil compounds, such as phenolic diterpenes,
derivates of hydroxycinnamic acid, flavonoides and
triterpenes found in rosemary, oregano, borage and
sage have high antioxidant activity (Sanchez-Esca-
lante et al., 2003; Oberdieck, 2004; Fasseas et al.,
2007; Ryan et al., 2009; Weiss et al., 2010). Some
EOs, for example clove essential oil, have been re-
ported to have higher antioxidant activity than some
synthetic antioxidants, like BHT or butylated hy-
droxyanisole, which is why EOs may present nat-
ural alternatives to synthetic antioxidants, without
leaving residues in the product or the environment
(Yanishlieva-Maslarova, 2001; Simitzis et al., 2010;
Teixeira et al., 2013).

Application of EOs in meat

In many studies it has been experimented with
essential oils and their effects on meat pathogens as
well as on spoilage flora. These studies have shown
that efficiency of essential oils depends not only on
type, chemical composition and concentration of es-
sential oils, but also on meat characteristics, type of
bacteria, mode of application of EOs in meat and
some other physical parameters, such as pH values,
water activity, oxygen tension, temperature (Burt,
2004; Chouliara et al., 2007; Gutierrez et al., 2008,
Simitzis et al., 2008; Gutierrez et al., 2009; Govaris
et al., 2010, Emiroglu et al., 2010; Lv et al., 2011,
Hsouna et al., 2011; Karabagias et al., 2011; Bajpai
et al., 2012; Awaisheh, 2013; Khanjari et al., 2013;
Teixeira et al., 2013).

Based on antibacterial properties of EOs and
type of affected pathogen, some essential oils are
better than others in meat applications. Eugenol and
coriander, clove, oregano and thyme oils were found
to be effective at levels of 5-20 pl/g in inhibiting
L. monocytogenes, A. hydrophila and spoilage flo-
ra in meat products, whilst mustard, cilantro, mint
and sage oils were less effective or ineffective (Burt,
2004). L. monocytogenes also exhibited to be sensi-
tive on combination of EOs and nisin (7ajkarimi et
al., 2010). Several studies were performed in order
to confirm efficacy of EOs against Salmonella spp.
in food. Results have shown that oregano and thyme
EOs, and EOs extracted from Salvia officinalis and
Salvia molle inhibit the growth of Salmonella bac-
teria up to a significant reduction in the CFU lev-
els. However, cinnamon bark EO (7000 mg/kg")

exerted the strongest antibacterial efficacy against
Salmonella spp., while rosemary EO showed low
antibacterial efficacy (Hayouni et al., 2008; Bajpai
et al., 2012). Addition of nisin at 500 or 1000 IU/g
in minced sheep meat did not show any antibacterial
activity against S. Enteritidis, but combination with
oregano EO at 0.6%, showed to be efficient (Gova-
ris et al., 2010). Experiment in which oregano EOs
and sodium nitrite were used against Clostridium
botulinum spores, has shown that EOs in combina-
tion with low concentration of sodium nitrite inhib-
its or slows growth of bacteria more than the sodium
nitrite alone, depending on the number of inoculated
spores (Burt, 2004; Tajkarimi et al., 2010).

Concentration of essential oils, which should
be added to meat in order to prevent oxidation, food-
borne pathogens, or to extend shelf-life, is usually
higher than one used in in vitro conditions because
of interaction with meat components (Burt, 2004;
Hyldgaard et al., 2012). An exception to this phe-
nomenon is 4. hydrophila where no higher concen-
tration of EO was needed in experiments to inhibit
these bacteria on cooked pork in comparison to tests
in vitro (Burt, 2004).

The high levels of fat or protein in meat and
in food generally, appear to reduce the effectiveness
of antibacterial EOs. If the EO dissolves in the lipid
phase of the food it will be relatively less available
to act on bacteria present in the aqueous phase, while
the other suggestion is that the lower water content
of meat compared to laboratory media may slow
down the progress of antibacterial agents to the tar-
get site in the bacterial cell. For example, mint and
cilantro EOs were not effective in products with a
high level of fat, such as paté and a coating for ham
containing canola oil (Burt, 2004). However, some
studies on beef extract culture medium have shown
that efficacy of oregano and thyme oil was great-
er at higher concentrations of protein, which may
have displayed hydrophobic properties with conse-
quent interactions with EOs to facilitate their disso-
lution in the medium (Gutierrez et al., 2008). Also
it has been reported that proteins usually possess a
high binding capacity for flavor volatile compounds.
General opinion is that carbohydrates do not protect
bacteria from the action of EOs as much as fat and
protein do and some other components of meat, such
as water and salt in higher level assist the action of
EOs (Burt, 2004).

Essential oils can be applied directly in meat
or PEO (polyethylene oxide)-based antimicrobial
packaging can be used (Bajpai et al., 2012; Hyld-
gaard et al., 2012; Velebit and Petrovi¢, 2012).
This is one of the many antimicrobial packag-
ing technologies which improve the quality of the
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meat products, mainly by reducing spoilage flora
and extending shelf life, but also provide informa-
tion about food quality during storage (Loncina et
al., 2013). Essential oils can be encapsulated in pol-
ymers of edible and biodegradable coatings or sa-
chets that provide a slow release to the food surface
or to the headspace of packages of meat (Hyldgaard
et al., 2012). Depending on the concentration, after
application in meat, some essential oils may alter the
qualitative properties of the product. A way to min-
imize negative organoleptic effects of essential oils
added to the matrix of a meat is to encapsulate es-
sential oils into nanoemulsions. Nanoencapsulation
of bioactive compounds represents a viable and ef-
ficient approach to increasing the physical stability
of the active substances, protecting them from the
interactions with the food ingredients and, because
of the subcellular size, increasing their bioactivity
(Donsi et al., 2011; Hyldgaard et al., 2012).

Safety aspect of the use of EOs

Although essential oils possess antibacteri-
al properties and may improve taste and some oth-
er characteristics of the meat, they should be used
with care, because EOs may cause some side ef-
fects (Burt, 2004; Bakkali et al., 2008). Some essen-
tial oils, such as menthol, eugenol and thymol, de-
pending on concentration, may cause irritation of
mucous membranes, probably as a result of mem-
brane lysis and surface activity, while cinnamalde-
hyde, carvacrol, carvone and thymol in vitro appear
to have mild to moderate toxic effects at the cellular
level (Burt, 2004). Some essential oils contain com-
ponents which cause allergic contact dermatitis in
people who use them frequently and the other es-
sential oils contain photoactive molecules like furo-
coumarins, which cause phototoxic reactions (Burt,
2004; Bakkali et al., 2008). Several EOs which have
been used in phytomedicine and aromatherapy have
exhibited spasmolytic or spasmogenic properties,
but these effects were not associated with a par-
ticular component of EOs (Burt, 2004). EOs mostly
have no carcinogenic properties, but some of them
may be considered as secondary carcinogens after
metabolic activation (Guba, 2001; Bakkali et al.,
2008). For example, some EOs provoke estrogen se-
cretions which can induce estrogen-dependent can-
cers, while some photosensitizing molecules found

in EOs, such as flavins, cyanin, porphyrins can
cause cancer (Bakkali et al., 2008). However, many
studies showed that essential oils have anti-tumoral
potentials (Ferraz et al., 2013; Bostancioglu et al.,
2011; Sharma et al., 2009). Because of genotoxic-
ity and other potential sideeffects, use of essential
oils as flavorings and their maximum allowed con-
centration in food products have been controlled by
regulations and laws. A number of EO components
such as carvacrol, carvone, cinnamaldehyde, citral,
p-cymene, eugenol, limonene, menthol and thymol
have been registered by the European Commission
and considered to present no risk to the health of the
consumer. United States Food and Drug Administra-
tion (FDA) has classified the substances as generally
recognized as safe (GRAS) or as approved food ad-
ditives, and it is mostly based on the EU registered
flavorings list with some modifications (for exam-
ple, estragole, specifically prohibited as flavoring in
the EU, is on the EAFUS list), (Burt, 2004; Bajpai
etal., 2012).

New flavorings might be considered for regis-
tration only after toxicological and metabolic stud-
ies proving later not to be dangerous for human
health (Commission Decision of 23 February, 1999;
Commission Regulation (EC) No 1565/2000 of 18
July, 1565/ 2000; Commission Regulation (EC) No.
622/2002 and Regulation (EC) No 2232/96; Burt,
2004).

Conclusion

As the food industry is facing great challeng-
es to produce safe, and at the same time food with-
out synthetic chemical preservatives, essential oils
make their way into the scientific focus. Due to their
antibacterial, antifungal and antiviral activity, as
well as antioxidant properties, they are used to pre-
vent foodborne diseases, to extend shelf-life, and to
improve some meat characteristics. Their efficien-
cy against pathogens and spoilage flora depends on
many different factors, and their implementation in
practice faces some obstacles. Essential oils are rec-
ognized to be used, not only as food additives, but
also in aromatherapy, antitumor therapy, as poten-
tial antimicrobial agents against multi-resistant bac-
teria, and in other purposes in medical and nonmed-
ical fields. Yet, benefits of their use remain to be
confirmed.
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Upotreba eteri¢nih ulja u cilju prevencije bolesti
prenosivih hranom uzrokovane patogenima iz mesa

Boskovi¢ Marija, Balti¢ Z. Milan, Ivanovi¢ Jelena, Duric Jelena, Loncina Jasna, Dokmanovi¢ Marija,

Markovi¢ Radmila

R e zim e: lako je industrija hrane unapredila nacin i tehnologiju proizvodnje, kao i higijenu klanja, patogeni mikroorganizmi
prenosivi hranom koji se mogu naci u mesu, kao Sto su Salmonella spp., Campylobacter spp. i E. coli, odgovorni su za milione oboljenja
svake godine. Prevelika upotreba antibiotika i dezinficijenasa, kako u veterinarskoj, tako i u humanoj medicini rezultiralo je fenome-
nom bakterijske rezistencije, zbog cega se javila potreba za novim antimikrobnim sredstvima. Jedna od mogucih alternativa je upotreba
etericnih ulja koja predstavijaju aromaticne tecnosti uljane konzistencije, koje se razlicitim metodama, ekstrahuju iz skoro svih delova
biljaka. Dokazano je da etericna ulja, u razlicitom stepenu, imaju antibakterijsku aktivnost koja zavisi od vrste bakterije kao i vrste i
hemijskog sastava ulja koje se koristi. Etericna ulja imaju i antioksidativnu ulogu i inhibiraju rast patogenih, ali i mikroorganizama
kvara, uticuci na taj nacin, na kvalitet i odrZivost mesa u cilju stvaranja bezbednijeg proizvoda.

Kljucne reci: biljna etericna ulja, antibakterijska svojstva, patogeni prenosivi hranom, meso.
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Uporedni prikaz rezultata senzorskih i hemijskih

i fizicko-hemijskih ispitivanja svezeg ohladenog
juneceg mesa upakovanog u vakuum tokom c¢uvanja u
maloprodajnim uslovima

Luki¢ Mirjana', Viani¢ Danijela’, Turubatovi¢ Lazar?, Petrovi¢ Zoran!, Mili¢evi¢ Dragan', Karan Dragica’,
Milijasevi¢ Milan'

Sadrzaj: Pakovanjem svezeg mesa u vakuumu moze se znatno produZiti njegova odrzivost, a samim tim uticati na uspora-
vanje hemijskih promena i ocuvanje pozeljnih senzorskih svojstava. Cilj ovog rada bio je uporedno ispitivanje senzorskih svojstava
i hemijskih parametara koji se odnose na oksidativne i hidroliticke promene u uzorcima sveze junece ruze (m. quadriceps femoris)
upakovane u vakuum, kao i ispitivanje medusobne zavisnosti utvrdenih hidrolitickih i oksidativnih promena i senzorskih svojstava. Za
eksperiment je koris¢ena junecéa ruza koja je poticala od tri juneta rase simentalac, prosecne telesne mase 400 kg, koja su zaklana u
industrijskoj klanici. Rasecanje mesa i pakovanje uzoraka u vakuum obavljeno je u roku od 40 sati nakon klanja. Uzorci su ¢uvani
u strogo kontrolisanim uslovima, pri temperature 0-2°C (rashladna vitrina, maloprodajni objekat) i 0—4°C (skladiste). Dinamika
senzorskih i hemijskih ispitivanja je bila: 1. dana (nakon pakovanja),7, 15, 21. i 28. dana u tri odvojena ciklusa. Senzorska svojstva
ispitana su pomocu kvantitativno-deskriptivnog testa, na skali intenziteta od 1-5, a ispitane su sledece osobine: izgled mesa, boja mesa
po povrsini, boja mesa na preseku, struktura, tekstura, miris svezeg mesa, miris posle probe kuvanja, ukus posle probe kuvanja i ukus
posle probe pecenja. Hemijsko ispitivanje parametara koji ukazuju na oksidativne i hidroliticke promene obuhvatalo je kiselinski broj,
peroksidni broj, TBK broj (test sa tiobarbiturnom kiselinom kojom se odreduje sadrzaj MAL-malondialdehida), TVB-N (total volatile
basic nitrogen), a,, vrednost i pH. Upakovana juneca ruza u vakuumu je, sa aspekta senzorskih svojstava i utvrdenih hemijskih promena
pri datim uslovima skladistenja, bila prihvatljiva u sva tri ciklusa, zakljucno sa 21. danom ispitivanja. U prva dva ciklusa ispitivanja,
u vecini slucajeva, ustanovljena je umerena do jaka negativna korelacija izmedu ispitanih hemijskih parametara i senzorskih svojstava
Jjuneceg mesa, dok su u trecem ciklusu uocene slabe negativne korelacije.

Kljuéne reci: sveze juneée meso, vakuum pakovanje, senzorska svojstva, hemijske promene.

Uvod miris, ukus, mekoc¢a, so¢nost, konzistencija), koja
su, Cesto, odlucujuca za prihvatljivost ove namirni-

Pravilna, kvalitetna i zdravstveno bezbedna  ce od strane potrosaca (Parunovié i dr., 2001). Boja

ishrana je neophodan preduslov za oCuvanje i una-
predenje zdravlja stanovnistva, kao i za prevenciju
mnogih bolesti. Kao dragocen izvor proteina visoke
bioloske vrednosti, gvozda, vitamina Bi,1 drugih vi-
tamina B kompleksa, cinka, selena i fosfora, meso je
nezamenljiva i najkvalitetnija komponenta zdrave i
dobro izbalansirane ishrane (Biesalski, 2005).

Pored nutritivne vrednosti, vazan aspekt kva-
liteta mesa Cine 1 njegova senzorska svojstva (boja,

mesa je prvi atribut kvaliteta sa kojim se potrosac
srece 1 koji za njega predstavlja pokazatelj svezine
(Troy i Kerry, 2010). U svesti prosecnog potrosa-
¢a, boja je sinonim za kvalitet svezeg crvenog mesa
(Renerre i Labas, 1987). Studija kojom su bili obu-
hvaceni potrosaci u Evropi (Glitsch, 2000) je poka-
zala da je pri kupovini govedeg mesa boja bila domi-
nantno odlucujuc¢a. U skladu sa ovom studijom su i
rezultati odnosa potrosaca u Srbiji prema atributima

Napomena: Rezultati su proistekli iz rada na realizaciji Projekta ev. br. III 46009, koji, u okviru Programa
istrazivanja u oblasti tehnoloskog razvoja (2011-2014. godine), finansira Ministarstvo prosvete, nauke i teh-

noloskog razvoja Republike Srbije.

'Institut za higijenu i tehnologiju mesa, Kacanskog 13, 11000 Beograd, Republika Srbija;
2Institut za vodoprivredu ,Jaroslav Cerni“, Ulica Jaroslava Cernog 80, 11000, Beograd, Republika Srbija.
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kvaliteta govedeg mesa, u kojoj je oko 43% ucesni-
ka ispitivanja navelo boju, kao najvazniji faktor pri
kupovini mesa, a ruziCastocrvenu boju je ocenilo
najpozeljnijom (Ostojic i dr., 2006). Brojna ispitiva-
nja percepcije kvaliteta mesa od strane potrosaca su
pokazala da su tri dominanatna senzorska svojstva
kojima potrosaci ocenjuju kvalitet mesa pri konzu-
miranju mekoca, ukus i so¢nost, pri cemu se mekoca
smatra najvaznijim svojstvom.

Meso je, zbog svog hemijskog sastava, veoma
podlozno razli¢itim degradativnim procesima (mi-
krobioloskim 1 fizicko-hemijskim), koji mogu do-
vesti 1 do naruSavanja njegove hranljive vrednosti
(Cannarsi i dr., 2005). Brojni medusobno poveza-
ni faktori uticu na ouvanje svezine i kvaliteta mesa,
kao Sto su temperatura, izloZenost svetlu, koncen-
tracija kiseonika, masnokiselinski sastav, odnosno
udeo nezasi¢enih masnih kiselina, endogeni enzimi
(Skibsted i dr., 1998), a narocito aktivnost mikroor-
ganizama, jer meso prestavlja izuzetan supstrat za
rast mikroorganizama kvara i potencijalnih patoge-
na (Kotula i Kotula, 2000). Takode, na duzinu odr-
zivosti, odnosno kvar mesa, utiCe i fizioloski status
zivotinje pre klanja, kontaminacija za vreme klanja
1 rasecanja trupova, pH vrednost mesa, nacin i vr-
sta pakovanja (Nychas i dr., 2008). Svi ovi fakto-
ri, samostalno ili u kombinaciji, mogu da dovedu do
nepozeljnih promena boje, mirisa, teksture i ukusa
mesa (Zhou i dr., 2010).

Oksidacija lipida uti¢e na pojavu neprijatnog
ukusa i mirisa mesa, a zapocinje na ¢elijskim mem-
branama misi¢nog tkiva, u delu fosfolipida. Cepanje
hidrofobnih veza izmedu masnih kiselina unutar ¢e-
lijskih membrana omoguc¢ava hidrolizu lipida, oksi-
daciju slobodnih masnih kiselina i nastanak hidrope-
roksida (Enser, 2001; Simitzis i Deligeorgis, 2010).
Razgradnja fosfolipida dovodi do nakupljanja se-
kundarnih produkata, kao $to su pentanal, hexanal,
4-hidroksinonenal i malondialdehid (MAL), kao i
aldehidi i ketoni (Fernindez i dr., 1997). Ovi sekun-
darni proizvodi mogu dovesti do gubitka boje i nu-
tritivne vrednosti mesa usled reakcija sa mastima,
proteinima, ugljenim hidratima i vitaminima (Ba-
sti¢ i dr., 1997) 1 zajedno sa heterocikli¢nim aro-
mati¢nim aminima direktno su povezani sa nastaja-
njem kancerogenih, mutagenih i aterogenih procesa
(Skog, 1993; Liu i dr., 1995). Prema Gray-u (1978),
istovremenim pra¢enjem oksidativnih promena li-
pida mesa i senzorskim registrovanjem uzeglosti,
ustanovljeno je da peroksidi ne prouzrokuju nezelje-
ne promene, ve¢ da uzegao miris i ukus mesa uslov-
ljavaju proizvodi njihove razgradnje, odnosno gore
pomenuti sekundarni proizvodi degradacije.

Temperatura je jedan od osnovnih c¢inilaca
koji odreduje brzinu enzimskih, hemijskih i fizickih

promena u mesu. Hladenjem svezeg mesa postize se
usporavanje procesa nastanka kvara, s obzirom da
snizavanje temperature inhibira rast mikroorganiza-
ma (Cassens, 1994), a reaktivni molekuli, koji na-
staju tokom lipidne oksidacije, su rastvoreni u lipid-
noj frakciji 1 stabilni su na niskim temperaturama
(Zarzycky i Swiniarska, 1993). Medutim, u uslovi-
ma hladenja, ne inhibira se rast psihrofilnih bakte-
rija, kvasaca i plesni (Neumeyer i dr., 1997), tako
da se i enzimski i neenzimski procesi nastavljaju, ali
mnogo sporije (Berkel i dr, 2004). Nastanak isparlji-
vih 1 neisparljivih amina, TVB-N (ukupno isparljiv
azot — total volatile basic nitrogen) i TMA-N (tri-
metilamin — trimethylamine nitrogen) je, prvenstve-
no, posledica enzimske dekarboksilacije specificnih
amino-kiselina, odnosno mikrobioloske aktivnosti
(Ruiz-Capillas i Jimenez-Colmenero, 2004).

Savremeni trendovi u prehrambenoj industriji
prate zahteve potroSaca za svezim, prirodno ocuva-
nim i kvalitetnim proizvodima koji su $to je moguce
manje hemijski tretirani. Znacajnu ulogu u savreme-
noj proizvodnji namirnica zauzima primena novih
ambalaznih materijala i savremenih uslova i postu-
paka pakovanja (Tsigarida i dr., 2000). Postoji vise
faktora koji stimuliSu stalno unapredenje nacina pa-
kovanja mesa i koji pomazu industriji mesa da za-
dovolji zahteve i prodavca i potrosaca. Medu ovim
faktorima iz godine u godinu posebno se izdvaja-
ju teznja za smanjenjem radne snage u malopro-
daji, sve manje vremena kojim raspolaze dana$nji
potrosac i njegova potreba za svezim, visokokvali-
tetnim mesom, kao i najveci prioritet industrije mesa
da svojim potroSacima isporu¢i bezbednu hranu
(Belcher, 20006).

Pakovanje svezeg mesa se sprovodi da bi se
sprecila mikrobioloska kontaminacija, odlozio kvar,
omogucile enzimske aktivnosti u cilju poboljsanja
mekoce mesa, smanjio kalo i obezbedila pozeljna
boja mesa u maloprodaji (Brody, 1997). Najraspro-
stranjeniji nacini pakovanja svezeg mesa i proizvo-
da od mesa na nasem trzistu su vakuum pakovanje
1 pakovanje u modifikovanoj atmosferi (MAP). Va-
kuum pakovanje podrazumeva uklanjanje vazdu-
ha, odnosno kiseonika iz pakovanja, pre njegovog
zatvaranja, Sto se odrazava na mikrobioloski profil
upakovanog mesa. Ovaj nacin pakovanja utice po-
voljno na senzorska svojstva mesa: so¢nost, meko-
¢u, ukus, kao i1 na zrenje mesa. Za crvena mesa na-
menjena maloprodaji, vakuum pakovanje se smatra
nepodobnim, jer u atmosferi sa smanjenim sadrza-
jem kiseonika nastaje deoksimioglobin, usled cega
meso dobija tamnu crvenoljubicastu boju i postaje
neprihvatljivo za potrosaca (Gill, 1996). Uspesnost
pakovanja u vakuumu zavisi od pocetnog mikro-
bioloskog i tehnoloskog kvaliteta proizvoda, kao i
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od primene adekvatne temperature skladistenja. Ta-
kode, ambalazni materijal treba da ima dobre fizic-
ko-mehanicke i barijerne karakteristike uz pravilno,
hermeti¢no formiranje i zatvaranje ambalaze. Da bi
se izbeglo zaostajanje vazduha u pakovanju prepo-
rucuje se upotreba termoskupljajucih barijernih foli-
ja (Sakota i dr., 2002; Robertson, 2006).

Cilj ovog rada bio je uporedno ispitivanje sen-
zorskih svojstava i hemijskih parametara koji se od-
nose na hidroliticke i oksidativne promene u uzor-
cima sveze juneCe ruze (m. quadriceps femoris)
upakovane u vakuumu i ¢uvane u maloprodajnom
objektu, pri temperatuti od 0-2°C. Pored toga, cilj je
bio da se ispita i medusobna zavisnost utvrdenih hi-
drolitickih i oksidativnih promena i senzorskih svoj-
stava.

Materijal i metode

Uzorci svezeg juneéeg mesa — ruze (m. quadri-
ceps femoris), za potrebe eksperimenta, proizvede-
ni su u industrijskom objektu za preradu mesa. Ju-
neca ruza je poticala od tri juneta simentalske rase,
prosecne mase 400 kg, koja su zaklana u industrij-
skoj klanici. Rasecanje mesa i pakovanje uzoraka
za ispitivanje je obavljeno u roku od 40 sati nakon
klanja zivotinja. Odresci su bili ujednacene debljine
2-3 cm, neto mase izmedu 400-500 g. Uzorci sve-
ze junece ruze upakovani su pomocu uredaja za va-
kuumiranje — Webomatic, sa ru¢nim preklapanjem
komore za evakuaciju vazduha. Za pakovanje su
koris¢ene kese S TIP HB-X (Spektar — Gornji Mila-
novac), od biaksijalno orijentisanog viseslojnog fil-
ma (7 slojeva), dimenzija 200x300 mm i debljine
100 mikrona WVTR (Water Vapour Transmission
Rate — 6 jedinica, odredena prema ASTM E96-00;
Oxygen Transmision Rate — 8 jedinica, odredena
prema ASTM D-3985-95). Temperatura kupatila za
potapanje bila je 88°C, a vreme potapanja 2 sekun-
de. Upakovani uzorci su istog dana, popodne, tran-
sportovani vozilom sa termokingom do centralnog
magacina, u plastiénim kasetama, a narednog dana
ujutru, u hladnom lancu, do maloprodajnog objekta.
U maloprodajnom objektu su ¢uvani u rashladnim
vitrinama, sa vesStackim osvetljenjem, pri tempera-
turi 0-2°C, a po zavrSetku radnog vremena u skla-
distu, pri temperaturi 0—4°C. Uzorci su u hladnom
lancu dostavljani u laboratoriju, gde su obavljena
senzorska, hemijska i fizicko-hemijska ispitivanja 1,
8, 15,21.128. dana. U planiranim terminima, po da-
nima ispitivanja gledano od trenutka rasecanja, od-
nosno pakovanja u industrijskom pogonu, ispitano
je po 6 uzoraka upakovane junece ruze. Navedena

uporedna ispitivanja obavljena su u okviru tri testa
odrzivosti, odnosno tri vremenski odvojena ciklusa.

Senzorska ispitivanja radena su pomocu kvanti-
tativno deskriptivnog testa (SRPS ISO 6658, 2001),
na numeric¢ko-deskriptivnoj skali, sa ocenama od 1
do 5, pri ¢emu je 1 — neprihvatljivo; 2 — na granici
prihvatljivosti; 3 — prihvatljivo; 4 — veoma prihvat-
ljivo; 5 — izuzetno prihvatljivo. Ocenjena su sledeca
senzorska svojstva: izgled mesa, boja mesa po povr-
Sini, boja mesa na preseku, struktura, tekstura, miris
svezeg mesa, miris posle probe kuvanja, ukus posle
probe kuvanja i ukus posle probe pecenja. Grupa od
Sest ocenjivaca Cinila je panel za ocenu senzorskih
svojstava ispitanih uzoraka june¢eg mesa upakova-
nog u vakuumu. Ocenjivac¢ima su prethodno testira-
na ¢ula pomocu testa za utvrdivanje osecaja ukusa
(SRPS ISO 3972, 2001) i testa za obuku ocenjiva-
¢a u otkrivanju i prepoznavanju mirisa (SRPS ISO
5496, 2001).

Tokom skladistenja u uslovima maloprodaje, u
upakovanom junecem mesu, ispitani su i hemijski i
fizicko-hemijski parametri koji ukazuju na hidroli-
ticke 1 oksidativne promene. Kiselinski broj je odre-
den prema metodi SRPS EN ISO 660/2011, perok-
sidni broj prema metodi SRPS EN ISO 3960/2011;
TBK broj (test sa tiobarbiturnom kiselinom kojom
se odreduje sadrzaj MAL — malondialdehida) pre-
ma metodi Tarladgis i dr. (1964) i Holland (1971).
pH vrednost uzoraka je merena na laboratorijskom
pH-metru, model Cyber Scan, pH 510 Meter (EU-
TECH Instruments), Holandjija, u skladu sa standar-
dnom metodom SRPS ISO 2917/2004, a a,, vrednost
je odredivana pomoc¢u higrometra (a,, metar FAst/1,
proizvoda¢ GBX Scientific Instruments, Francu-
ska) prema standardnoj metodi ISO 21807:2004(E).
TVB-N je ispitan primenom metode koja je navede-
na u Official Journal of the European Union (2005).

Statisticka analiza

Statisticka obrada rezultata je obavljena ko-
riS¢enjem softverskog paketa MINITAB, verzija
16.1.0.0, Minitab Inc. © USA. Za svaki ispitani pa-
rametar dobijeni podaci su prikazani kroz srednje
vrednosti, standardne devijacije, koeficijente vari-
jacija 1 intervale varijacija. Pre izbora odgovaraju-
¢eg statistiCkog testa odredena je najbolja individu-
alna distribucija serije podataka (analizirano je 16
razli¢itih distribucija) bazirana na najnizoj vredno-
sti Anderson-Darling-ovog koeficijenta i najvi$oj p
vrednosti (iznad 0,05) u cilju konac¢nog izbora dis-
tribucije koja najbolje prati normalnu raspodelu.
Nakon izbora najpogodnije distribucije, uradena je
odgovaraju¢a transformacija podataka. Za odredi-
vanje statisticke znacajnosti razlika izmedu srednjih
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vrednosti acuu za ispitana senzorska svojstva, po
ciklusima, kori§¢ena je ANOVA sa primenom post
hoc Tukey HSD testa. Znacajnost korelacionih po-
vezanosti izmedu ispitanih senzorskih i hemijskih
i fizicko-hemijskih parametara u okviru pojedinac-
nih ciklusa ispitivanja, odredena je raCunanjem Pir-
sonovog (Pearson) korelacionog koeficijenta I. Sta-
tisticka analiza je sprovedena na nivou znacajnosti
0d 95% (p<0,05).

Rezultati i diskusija

Senzorska ispitivanja

Rezultati senzorskih ispitivanja sveze junece
ruze upakovane u vakuumu prikazani su u tabela-
ma 112,

Prvog dana, u sva tri ciklusa ispitivanja, kao i
osmog dana u tre¢em ciklusu ispitivanja, sva senzor-
ska svojstva upakovane junece ruze u vakuumu oce-
njena su kao ,,izuzetno prihvatljiva® (5,00 = 0,00).
Po povrsini, kao i na presecima junece ruze, miris je
bio karakteristiCan za june¢e meso, bez stranih pri-
mesa. Meso je bilo ruziCastocrvene boje, a pripada-
juc¢e masno tkivo krembele boje. Posle probe ku-
vanja i probe pecenja, miris i ukus su bili prijatni,
svojstveni za vrstu mesa. U prvom i u drugom ciklu-
su 8.1 15. dana, kao 1 15. dana u tre¢cem ciklusu is-
pitivanja, senzorska svojstva su takode ocenjena vi-
sokim ocenama koje su se kretale od 4,5 = 00 do
5,0 £ 00 (izuzetno prihvatljiva). U sva tri ciklusa is-
pitivanja 21. dana, senzorska svojstva upakovane ju-
neée ruze, iako ocenjena nesto nizim ocenama (od
3,5+ 00 do 4,2 + 0,3) bila su ,,veoma prihvatljiva‘“.
Senzorskim ispitivanjem, 28. dana, u sva tri ciklusa,
ustanovljen je kvar mesa i, sa aspekta svih senzor-
skih svojstava, ono je ocenjeno kao ,,neprihvatljivo*
(1,0 £ 0,0). U vakuum pakovanju je bila vidljiva iz-
dvojena zamucena te¢nost, neprijatnog mirisa. Povr-
Sina june¢eg mesa je bila sluzava i lepljiva, nesvoj-
stvene, sivo—crvene boje, a miris mesa po povrsini
1 na presecima izrazito neprijatan. Rezultati senzor-
skih 1 hemijskih ispitivanja junece ruze upakovane
u vakuumu, koji se odnose na ispitivanja 28. dana
(konstatovan kvar mesa) nisu predstavljeni u ovom
radu, niti su uzeti u obzir prilikom obrade podataka.
S obzirom da je primenjenom kvantitativno-deskrip-
tivnom skalom kao granica prihvatljivosti definisana
ocena 2,0, dobijene vrednosti ocena pokazuju da je
upakovana juneca ruza u vakuumu zadrzala prihvat-
ljiva senzorska svojstva u sva tri ciklusa ispitivanja
zaklju¢no sa 21. danom ispitivanja.

Rezultati senzorskog ispitivanja u ovom
radu su u saglasnosti sa rezultatima Karan i dr.

(neobjavljeni podaci) koji su ispitivali odrzivost ju-
neceg mesa upakovanog u vakuumu (juneca plecka
bez kosti 1 june¢i but bez kosti) pri temperaturi skla-
diStenja +4°C 1 ustanovili da je junece meso u vaku-
um pakovanju zadrzalo prihvatljiva senzorska svoj-
stva 20 dana.

Na senzorska svojstva govedeg mesa utiCu
brojni faktori koji se mogu podeliti na premortal-
ne (rasa, starost, pol, klani¢na tezina, ishrana, izlo-
zenost stresu) 1 tehnoloske (postupci na liniji klanja,
hladni lanac, vreme zrenja i dr.), (Dransfield i dr.,
1992). Sa druge strane, oCuvanje kvaliteta svezeg
mesa upakovanog u vakuum zavisi od vise faktora,
pre svega inicijalne mikrobioloske kontaminacije,
temperature skladiStenja, propustljivosti materijala
za pakovanje (Stiles, 1991). Shodno tome i rezulta-
ti pojedinih ispitivanja odrzivosti ukazuju na razlike
u senzorskim osobinama juneé¢eg mesa upakovanog
u vakuumu. Dostupni podaci iz literature o uticaju
vakuum pakovanja na senzorska svojstva juneceg
mesa su vrlo oskudni i uglavnom su u vezi sa istra-
zivanjima u kojima je uporedo pracen uticaj razli¢i-
tih smesa gasova i vakuuma (uglavnom koris¢en kao
»kontrola“) na odrzivost upakovanog mesa.

Ispitivanja Lagerstedt-a i dr. (2011), koja su
sprovedena na govedim odrescima m. longissimus
dorsi upakovanim u vakuumu i smesu gasova (80%
0,120% CO,), su pokazala da je grupa uzoraka upa-
kovana u vakuumu nakon termic¢ke obrade ocenje-
na kao socnija, mekSe teksture, sa izraZenijim mi-
risom i ukusom u odnosu na uzorke upakovane u
MAP. Prema ispitivanju Torngren-a (2003), meko-
¢a govedih odrezaka (m. longissimus dorsi) upako-
vanih u smesu gasova (80% O, i1 20% CO,) ocenjena
je nizom ocenom u poredenju sa meko¢om odrezaka
pakovanim u atmosferu sa 50% CO, 1 50% N i pa-
kovanim u vakuumu, $to potvrduju rezultatima svo-
jih ispitivanja i Grobbel i dr. (2008) 1 Sorheim i dr.
(2004).

Pojedina istrazivanja ukazuju na pozitivan uti-
caj vakuum pakovanja na stabilnost boje juneceg
mesa u odnosu na pakovanje u smesi gasova (MAP).
Tako su Insausti i dr. (1999) ustanovili vecu stabil-
nost boje govedeg mesa upakovanog u vakuumu u
odnosu na boju mesa upakovanog u smesu gaso-
va (60% O; : 30% CO; : 10% N») tokom petnaest
dana skladistenja na temperature 2 + 1°C. Canga-
nella i dr. (1993) su ispitali stabilnost boje govedeg
mesa skladiStenjem do 21. dana na 2—4°C u vakuu-
mu i smesi gasova (80% N, : 20% CO;). U pome-
nutoj studiji, utvrdena je veca stabilnost boje mesa
pakovanog u vakuumu, §to je u saglasnosti sa rezul-
tatima nasih ispitivanja, u kojima je boja mesa upa-
kovanog u vakuumu i 21. dana u sva tri ciklusa ispi-
tivanja bila ,,veoma prihvatljiva“.
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Tabela 1. Senzorska ocena sveze junece ruze u vakuum pakovanju
Table 1. Sensory evaluation of fresh beef thick flank in vacuum packaging

JUNECA RUZA U VAKUUM PAKOVANJU
BEEF THICK FLANK — VACUUM PACKAGING

O;(')“l:;;e/ CIKLUS I/dan ispitivanja CIKLUS Il/dan ispitivanja CIKLUS IlI/dan ispitivanja
Cycle I/examination day Cycle II/examination day Cycle I1I/examination day
1 8 15 21 1 8 15 21 1 8 15 21
Izgled mesa/ | 5,040,0' | 4,8£0,3! | 4,604 | 3,7+0,5' | 5,040,0' | 4,5£0,0' | 4,5+0,0' | 3,70,3' | 5,0+0,0' | 5,0£0,0' | 4,740,3' | 3,70,5'
Appearance of 0? 0,5 1,0? 1,5% 0? 0? 0? 0,52 0? 02 0,52 1,52
meat 0,08 5,8 8,28 14,13 0,08 0,03 0,0° 7,08 0,0° 0,03 5,5 14,13
Bojamesa | 5.0 01 | 474031 | 4,6£02' | 372031 | 5,0£0,01 | 4,5£0,0' | 45:0,0' 375,03 | 5,0£0,0' | 5,0:0,0' | 472031 | 3.720,5'
Vréini/ 9 9 9 9 bl 9 9 9 9 9 9 b 9 9 9 sV 9 9 9 9 9 9 9 9
Clg‘l’oli‘; (O I 0,52 0,52 0,52 02 02 02 0,52 02 02 0,52 1,5
0,0 5,5 4,6 7,08 0,08 0,03 0,0° 7,08 0,0° 0,08 5,5 14,13
surface
Bojamesa | 5.0 011 480031 | 462041 | 3.0:041 | 5,0£0,0' | 45:0,0' | 450,01 | 382031 | 5,0:0,0' | 5,0:0,0' | 5,020,0' | 42:031
na preseku/ 9 9 9 9 9 9 9 9 9 9 9 9 9 b b 9 9 9 9 9 9 b b 9
0 0,52 1,02 1,02 0 02 02 0,52 0 02 02 0,52

Cplor of meat 0.0° 5.3 8,23 9.6 0,08 0,0° 0,03 6,73 0,03 0,03 0,0° 6,2°
ntersection

Strukiur/ | SOHEO0" | 482031 | 482031 | 4,120.21 | 5,00,0' | 4,803 | 480,31 | 382031 | 5,0£0,0' | 5,0£0,0' | 5,0£0,01 | 4,2£0,3!
Structure o 0,52 0,52 0,52 0 0,5* 0,5 0,5 0? 02 02 0,52
000 | 53 | 83 | 500 | 00 | 53 | 58 | 73 | 00 | 00 | 00 | 62

Tekstura/ | SO0 | 4.8£0.31 | 4,6+0.41 | 3,60,7" | 5,0:0,0 | 4,503 | 452031 | 3,503 | 5,0:0,01 | 5,040,0' | 4,7£03" | 3,5+0,6!
Tee sture 0? 0,52 1,02 1,5 02 1,02 1,02 1,0° 02 0 0.5 1.5
X 0,0° 5.8 8,23 18,6° | 0,0 7,0° 7,03 9,0° 0,0° 0,0° 5,5 18,13
MIMS SVE2eg | 502001 | 4,8£03' | 482031 | 3,6:0,7" | 5,0:0,01 | 472031 | 47£03' 352031 | 5,040,0' | 5,0:0,0' | 482031 | 350,61

mesa/ 02 0,52 0,52 1,5 02 0,52 0,52 1,02 0 02 0,52 1,5

Smelrlnfc’itfr“h 0,0° 5,3° 58 | 186 | 00 5,5° 5,53 9,0° 0,0° 0,0° 53 | 18,18
Miris posle
probe kuvanja/|5,0£0,0' [4,8+0,3! |4,840,3" |3,8+0,6! |5,0£0,0' [4,7+0,3! |4,7+0,3" |3,5+0,5! |5,0£0,0' |5,0+0,0! |4,8+0,3" |3,8+0,61'
Smell of meat 02 0,52 0,52 1,52 02 0,52 0,52 1,02 02 02 0,52 1,52
after cooking 0,0° 5,33 5,8 16,33 0,0° 5,5% 5,5 12,8° 0,0° 0,0° 5,33 15,8
test
Ukus posle
probe kuvanja/|5,0£0,0' [4,8+0,3! |4,6+0,2! |3,7+0,3! |5,0+0,0' [4,5+0,0' [4,5+0,0' |3,5+0,3! |5,040,0' |5,0+£0,0' |4,7+0,3' |3,7+0,6!
Taste of meat 0? 0,52 0,52 0,52 0? 02 02 1,02 0? 02 0,52 1,52
after cooking 0,0 5,8 4,53 7,03 0,0 0,0° 0,0° 9,0 0,0 0,0 5,5 16,5
test
Ukus posle
probe pecenja/ | 5,0+£0,0" |4,8+0,3" |4,7£0,3" (3,7+0,3" |5,0£0,0' [4,7+0,3' |4,7£0,3! [3,5+0,3" |5,0£0,0' [5,0+0,0' |4,8£0,3! |3,5+0,6'
The taste of 0? 0,52 0,52 0,52 0? 0,52 0,52 1,0 0? 0? 0,52 1,5
meat after 0,03 5,8 5,5 7,08 0,03 5,5 5,58 9,08 0,03 0,03 53 18,0°

roasting test

Legenda/Legend: 'X=+ Sd (aritmeti¢ka sredina + standardna devijacija/mean value + standard deviation); Iv (interval varijacije/varia-
tion interval); 3Cv (%) (koeficijent varijacije/variation coefficient)

procedura u industrijskom objektu na liniji klanja,
rasecanja i pakovanja, kao i hladnog lanca tokom
skladi$tenja i dostavljanja uzoraka u laboratoriju na
ispitivanje, tokom sva tri ciklusa.

Na osnovu vrednosti koeficijenta varijacije
(Cv%) moze se zakljuciti da je ocenjivacki panel sa-
stavljen od Sest ocenjivaca bio homogen i da je po-
stignuta konzistentnost u rezultatima tokom sva tri
ciklusa ispitivanja. Utvrdeno je da ne postoji stati-
sti¢ki znacéajna razlika (p > 0,05) srednjih vrednosti
ispitanih senzorskih svojstava junece ruze upakova-
ne u vakuumu izmedu ciklusa ispitivanja (tabela 2).

Dobijeni rezultati senzorskog ispitivanja mogu

Hemijska i fizicko-hemijska ispitivanja

Rezultati hemijskih i fizicko-hemijskih ispi-
tivanja prikazani su u tabeli 3. Iz tabelarnog prika-

se tumaciti ujednacenim inicijalnim kvalitetom ju-
ne¢eg mesa, postovanjem svih implementiranih

za se moze videti da su najnize ay vrednosti izme-
rene 1. dana ispitivanja u drugom i tre¢em ciklusu
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Lukic Mirjana i db.

Uporedni prikaz rezultata senzorskih i hemijskih i fizicko-hemijskih ispitivanja svezeg ohladenog juneceg mesa upakovanog u vakuum tokom cuvanja u maloprodajnim uslovima

Tabela 2. Senzorska ocena sveze junece ruze u vakuum pakovanju — zbirni prikaz po ciklusima

Table 2. Sensory evaluation of fresh beef thick flank — vacuum packaging — summary by cycles

JUNECA RUZA U VAKUUM PAKOVANJU
BEEF THICK FLANK — VACUUM PACKAGING

Osobine/Traits CIKLUS I/ CIKLUS I/ CIKLUS I1I/
ZBIRNO ZBIRNO ZBIRNO
Cycle I/total Cycle II/total Cycle Il/total
Izgled mesa/Appearance of meat 4,5+0,6! 13,52 4,440,5! 11,42 4,6+0,61 13,52

Boja mesa po povrsini/Color of meat-surface 4,5+0,5 12,12 4,4+0,5 11,42 4,6+0,6! 13,52
Boja mesa na preseku/Color of meat intersection 4,6+0,5! 10,12 4,5+0,41 9,92 4,8+0,41 8,12
Struktura/Structure 4,7+0,41 8,82 4,6+0,6! 11,92 4,84+0,41 8,12
Tekstura/Texture 4,5+0,71 14,92 4,4+0,6! 14,02 4,5+0,7! 15,52

Miris svezeg mesa/Smell of fresh meat

4,5+0,7! 14,9

4,6+0,6! 14,0 4,6+0,7! 15,72

Miris posle probe kuvanja/Smell of meat after cooking test

4,6£0,6' | 13,12

4,5+0,6! 14,42 4,7+0,6! 12,5%

Ukus posle probe kuvanja/Taste of meat after cooking test

4,5+0,6! 12,3

4,4+0,6! 13,2 4,6+0,6! 13,9

Ukus posle probe pecenja/The taste of meat after roasting test

4,5+0,6! 12,42

4,5+0,6! 14,0 4,6+0,7! 15,72

Legenda/Legend: 'X + Sd (aritmeticka sredina + standardna devijacija/mean value + standard deviation);

2Cv (%) (koeficijent varijacije/variation coefficient)

(0,962 £+ 0,002 i 0,966 £+ 0,002, respektivno), od-
nosno 8. dana ispitivanja u prvom ciklusu (0,962
+ 0,001), dok su najvise a, vrednosti zabeleZene
21. dana u prvom i tre¢em ciklusu (0,993 + 0,002 i
0,990 + 0,001, respektivno), odnosno 8. dana (0,974
+ 0,002) i 21. dana (0,974 £ 0,002) u drugom ci-
klusu. S obzirom da sveze meso uglavnom ima a,,
vrednost ve¢u od 0,85, potrebno je hladenjem ili na
neki drugi nacin kontrolisati rast patogena (Smith i
Stratton, 2006). Vrednosti a,, od 0,980 do 0,995 naj-
vise pogoduju razvoju mikroorganizama.

Kod svih analiziranih uzoraka iz sva tri ci-
klusa, doslo je do pada pH vrednosti tokom prvih
osam dana ispitivanja, nakon ¢ega se pH vrednost
postepeno povecavala i 21. dana iznosila 5,93 +
0,02 (prvi ciklus); 5,97 £+ 0,02 (drugi ciklus); 6,13
+ 0,01 (treci ciklus). Prema rezultatima Russell i
dr. (1996), za rast bakterija kvara mesa najpogod-
nija je pH vrednost od 5.5 do 7,0. Formiranje sluzi,
degradacija strukturnih komponenata, kao i poja-
va neprijatnog mirisa u mesu, mogu biti posledi-
ca rasta mikroorganizama u ovoj oblasti pH vred-
nosti. Utvrdene pH vrednosti, u nasem ispitivanju,
za sva tri ciklusa ispitanih uzoraka bile su u opse-
gu od 5,68 (min.) do 6,13 (max.). Prema Khaksar
i dr. (2010), sadrzaj hidroperoksida kao mera ok-
sidativne razgradnje lipida znacajnije raste pri pH
6,8 nego pri pH 3, Sto dodatno znaci i veéi sadrzaj
malondialdehida pri pH 6,8. Ali, nastanak mle¢ne

kiseline, kao rezultat rasta bakterija mlecnokise-
linskog vrenja je od najveeg znacCaja za opadanje
pH vrednosti u upakovanom mesu. Naime, vaku-
um pakovanje potencira rast fakultativno anaerob-
ne mikroflore, ukljucujuc¢i bakterije mlecne ki-
seline, bakterije iz familije Enterobacteriaceae i
Brochothrix thermosphacta (Balti¢ i dr., 2012). U
pakovanju se povecava sadrzaj CO,, laktata i dru-
gih kiselih proizvoda, §to dovodi do snizavanja pH
vrednosti, pri ¢emu, u ovom procesu ne ucestvu-
ju samo mikroorganizmi, ve¢ i enzimi samog mesa
(Radeti¢ i dr., 2007).

Vrednost kiselinskog broja (mg KOH/g), to-
kom perioda ispitivanja, pokazuje permanentni
i brzi porast u sva tri ciklusa (prvi ciklus, 1. dan
ispitivanja — 1,08 £ 0,10 i 21. dan — 2,79 + 0,45;
drugi ciklus, 1. dan ispitivanja — 1,24 + 0,24 i 21.
dan — 3,49 + 0,28; tre¢i ciklus, 1. dan ispitivanja

rast kiselinskog broja, u svim ispitivanim uzorcima,
u sva tri ciklusa, utvrden je u zavrsnoj fazi skladi-
Stenja, odnosno u periodu od 15. do 21. dana (ta-
bela 3). Ovaj parametar je pokazatelj pocetka hi-
droliticke degradacije lipida u mesu i njegov porast
tokom Cuvanja mesa je uobicCajena pojava. Vred-
nost kiselinskog broja je u vezi sa sadrzajem vode
u mesu, koja doprinosi reakcijama hidrolize (Naz i
dr., 2005). Takode, niza pH vrednost uti¢e na sma-
njenje lipolize (Khaksar i dr., 2010).
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Tabela 3. Hemijski i fiziCko-hemijski parametri odrzivosti sveze junece ruze u vakuum pakovanju

Table 3. Chemical and physico-chemical parameters of the fresh beef thick flank shelf-life in vacuum packaging

Ispitivani CIKLUS I/dan ispitivanja CIKLUS II/dan ispitivanja CIKLUS III/dan ispitivanja

parametar/ Cycle I/day of examination Cycle II/day of examination Cycle I1I/day of examination

Examined

parameter 1 8 15 21 1 15 21 1 8 15 21

Ukupno isparljivi

azot TVB-N 33,54£0211 | 3491£040' | 30,51£0,18' | 45,19£0,26' | 3023037 | 31,0740,13' | 31,18£031' | 34,042020' | 30,14£028' | 3496£0,16' | 31,08£0,35' | 35,040,48'

(mg/100g) Total | 33,22-33,80° | 34,19-35,307 | 30,37-30,872 | 44,79-45,48 | 29,75-30,76 | 30,88-31,207 | 30,80-31,38" | 34,003,287 | 29,68-30,382 | 34,71-35,20° | 30,80-31,64 | 34,72-35,822

volatile basic 0,623 1,14 0,59° 057 1208 099° 0,58 092’ 045 1,12 1,73

nitrogen(mg/100)

E;lsegg;‘/bgfj 1,080,100 | 165038 | 2,170,141 | 2,79£045' | 12480241 | 2,0720,14" | 2,16£006' | 349:028' | 1530341 | 2482041 | 3,1060,60' | 50720441

Acfdvalueg 0961200 | 1,041,950 | 2,052,402 | 223338 | 095-150° | 1962102 | 208223 | 2933618 | 108187 | 2,17-2.8% | 2634002 | 437-5502
9,25} 23,03 6,45 16,12 19,35 6,76 277 8,02° 200 16,53 19.35° 8,67

(mg KOH/g)

Peroksidni broj

(mmolkg) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Peroxide value

(mmol/kg)

TBK test/TBA 0,08£0,01' | 0,16£0,02' | 0392001 0,08:0,02 | 0,132001' | 0,14£0,01' 0,05:001' | 0,15£001' | 0,09£0,01"

value 000 | 0070100 | 0,14-0,18 | 037:0412 | 000 | 0060112 | 0,130,142 | 0,120,152 | 000 | 004005 | 0,14-0,16> | 0,080,102

(mg MAL/kg) 15 12,5 256 25,00° 7,69° 7,14 20,00° 6,66 IR

HvrednostioH 6,030,031 | 5,68£0,00' | 587+0,04' | 593:0,02' | 6,04£0,02' | 5960,04 | 6,06£0,02' | 5970,02' | 6,05£0,02' | 5840,01 | 5930,02' | 6,13£0,01!

salue PR | 600607 | 568568 | 580-593 | 591-596 | 6006060 | 589598 | 6,006,160 | 5956000 | 603607 | 583-585 | 591594 | 6,12-6,14
0,50 0,00° 0,68 033 033 0,67 033 034 033 0,17 034 0,16

- akiivnostvode/ | 096420002 [0.962:0.001" | 0972:0,001' | 0.993:0.002' 0.962:0,002'| 09740002 096420,003' | 0.97420,002' | 0.966:0,002'| 09830,004' | 097420.001' | 0,990,001

| 09610965 [ 0960-0963* | 0.991-0.994° | 0991-0.996" | 0960-0964° | 0.961-0979° | 0.960-0.966° | 0972-0978 | 096209707 | 0.980-0.989" | 09710976 | 0.988-0991°

w WAITACIVI | 013 0,10° 0,10° 020° 020° 020° 031° 020° 020° 040° 0,10° 0,10°

Legenda/Legend: 'X + Sd (aritmeticka sredina + standardna devijacija/mean value + standard deviation ); 2Iv (interval varijacije/va-

riation interval ); 3Cv% (koeficijent varijacije/variation coefficient)

U vakuum upakovanoj junecoj ruzi, peroksidni
broj je, u sva tri ciklusa, u svim ispitivanjima, izno-
sio 0,00 mmol/kg, $to ukazuje da nije utvrden na-
stanak primarnih proizvoda oksidacije. Vrednost
peroksidnog broja je, uglavnom u vezi sa pH vred-
nos¢u mesa. Naime, kada je pH vrednost bliza vred-
nosti 7, uslovi za oksidaciju su ,,povoljniji* (Xie i
Wang, 2007).

U junecoj ruzi, upakovanoj u vakuum, sa-
drzaj malondialdehida (MAL) je u sva tri ciklu-
sa 1. dana iznosio 0,00 mg/kg, odnosno nije utvr-
deno prisustvo sekundarnih proizvoda oksidacije. U
prva dva ciklusa ispitivanja, u periodu od 8. do 21.
dana, kolicina MAL se povecavala, tako da je 21.
dana iznosila 0,39 = 0,01 mg/kg (1. ciklus) i 0,14 +
0,01 mg/kg (2. ciklus). U tre¢em ciklusu, 15.dana,
utvrden je porast sadrzaja MAL, 0,15 = 0,01 mg/kg,
dok je 21. dana sadrzaj MAL pao i iznosio je 0,09
+ 0,01 mg/kg. Prema rezultatima studije Wong i dr.
(1995), uzeglost se moze detektovati kada sadrzaj
malondialdehida dostigne koli¢inu od 3 mg/kg. U
svim ispitanim uzorcima mesa utvrdene MAL vred-
nosti TBK-testom su bile daleko ispod ove kriti¢ne
vrednosti (max. 0,39 + 0,01 mg MAL/kg). Prema

rezultatima studije Zhao i dr., 1994, lipidna oksida-
cija se pojavljuje kasnije i sporije napreduje u po-
redenju sa uocljivijim mikrobiolo§kim promenama i
diskoloracijom tokom skladi$tenja mesa koje je bilo
pakovano u aerobnim uslovima.

Smatra se da je za slab intenzitet oksidacionih
procesa odgovorna ishrana goveda od kojih meso
potice. Naime, veci sadrzaj prirodnih antioksidanasa
u ishrani, kao $to je vitamin E na primer, dovodi do
povecanja sadrzaja vitamina E u misi¢nom tkivu go-
veda i tako sprecava razvoj oksidacionih procesa u
mesu (Yang i dr., 2002 1 Gatellier i dr., 2005).

U nekoliko studija prikazana je dobra kore-
lacija izmedu izmerenih TBK vrednosti i senzor-
skih svojstava, kojom je potvrdena uzeglost pile-
¢eg (Salih i dr, 1987) i svinjskog mesa (Tutner i dr.,
1954), ali, organolepti¢ke promene su ustanovljene
samo u kuvanom, a ne i u salamurenom mesu. Mel-
ton (1985) je pokazao da se promena mirisa i uku-
sa moze detektovati pri vrednosti TBK od 0,3 do
1,0 mg MAL/kg, u govedem i svinjskom mesu, i od
1,0 do 2,0 mg MAL/kg, u pilecem mesu. Medutim,
ove vrednosti za TBK se ne mogu smatrati ,,referen-
tnim®, jer zavise od ishrane, starosti zivotinja, kao
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od izlaganja/neizlaganja termickoj obradi. Cesto se
u ohladenom mesu registruje organolepticki inten-
zivnija uzeglost nego §to pokazuju vrednosti za pe-
roksidni i TBK broj, i te razlike izmedu senzorskih
zapazanja i hemijskih pokazatelja su verovatno, po-
sledica smanjene mogucénosti ekstrakcije fosfolipi-
da iz ohladenog mesa i moguceg gubitka malondi-
aldehida u reakcijama sa sastojcima mesa pri niskim
temperaturama (Butkus, 1967).

Koli¢ine TVB-N su 1. dana ispitivanja u drugom
1 trecem ciklusu bile sli¢ne (30,23 = 0,37 mg/100g i
30,14 + 0,28 mg/100g, respektivno), dok je 1. dana is-
pitivanja u prvom ciklusu utvrden ve¢i sadrzaj uku-
pnog isparljivog azota (33,54 + 0,21 mg/100g), (tabe-
la 3). Na osnovu prikazanih rezultata moZze da se uoci
mena skladiStenja, Sto je u skladu sa navodima Sunki
idr., 1978. Tako su poslednjeg, 21. dana ispitivanja,

Tabela 4. Vrednosti Pearsovog koeficijenta korelacije (r) izmedu ispitanih senzornih svojstava i hemijskih i
fizicko-hemijskih parametara

Table 4. Values for Pearsons correlation coefficient between the examined sensory properties and chemical
and physico-chemical parameters

JUNECA RUZA - U VAKUUM PAKOVANJU/BEEF THICK FLANK — VACUUM PACKAGING
Redni broi Izgled Boja Boja mesa | Struktura/ | Tekstura/ Miris Miris posle | Ukus posle | Ukus posle
ciklusa/ ! Osobine/ mesa/ mesa po | na preseku/ | Structure Texture svezeg probe probe probe
Cyele Traits Appearance | povrSini/ Color of mesa/ kuvanja/ | kuvanja/ | pecenja/
nufn ber of meat Color of the meat Smell of Smell of Taste of | The taste of
the meat- | intersection fresh meat | meat after | meat after | meat after
surface cooking cooking roasting
test test test
TVB-N -0,735 -0,814 -0,685 -0,713 -0,780 -0,754 -0,812 -0,837
Kiselinski
I broj/acid -0,816 -0,820 -0,768 -0,739 -0,692 —0,743 -0,767 -0,747
Ciklug/ | Value
Cycle 1
TBK test/ -0,814 -0,915 -0,817 -0,841 -0,814 -0,836 -0,814 -0,937 -0,919
TBA value
ay -0,786 -0,843 -0,800 -0,778 -0,756 -0,761 -0,754 -0,872 -0,841
TVB-N —0,943 -0,936 -0,917 -0,881 -0,871 -0,934 -0,910 -0,943 -0,932
Kiselinski
I broj/acid -0,970 -0,936 -0,949 -0,841 -0,884 -0,880 -0,886 -0,941 -0,882
Ciklus/ value
Cycle I1 TBK fest/
fes -0,761 -0,761 -0,798 -0,546 -0,677 -0,611* -0,595 -0,733 -0,611
TBA value
ay -0,692 -0,699 -0,693 -0,577 -0,657 -0,679 -0,633 -0,686 -0,690
TVB-N —0,452%* | —0,469%* -0,557* —0,543* —-0,456* -0,476* —0,465%* | —0,448%* -0,513*
Kiselinski
111 broj/acid -0,817 -0,749 -0,803 -0,830 -0,801 -0,834 -0,721 -0,747 -0,789
Ciklus/ value
Cycle 111
. TBK tesy / / / / / / / / /
TBA value
ay -0,627 -0,619 -0,676 -0,658 -0,628 -0,600%* -0,606* -0,595% -0,623

Legenda/Legend : Ukupno isparljivi azot/TVB-N (total volatile basic nitrogen); Test tiobarbiturne kiseline/TBA (thiobarbituric acid
number); a,—aktivnost vode/(water activity value);

Napomena: Prikazane vrednosti za koeficijente kolerelacije su na nivou znacajnosti p<0,001;
Footnote: Presented correlation coefficients are given at the level of significance p<0.001;

p<0,001; * p<0,01; ** p<0,05;/nisu utvrdene statisticki znacajne korelacije/correlations were not registered.
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koli¢ine TVB-N u sva tri ciklusa bile znacajno vece
u odnosu na vrednosti utvrdene na pocetku ispiti-
vanja i iznosile su 45,19 + 0,26 mg/100g (prvi ci-
klus), 34,04 + 0,20 mg/100g (drugi ciklus) i 35,04
+ 0,48 mg/100g (tre¢i ciklus). Takode, Balamatsia
i dr. (2006), su u studiji u kojoj je prac¢ena odrzi-
vost neupakovanog pile¢eg mesa (kontrolna gru-
pa), pakovanog u vakuum i u MAP, utvrdili porast
TVB-N tokom skladistenja, od pocetne koli¢ine od
oko 20 mg/100g do 54,5 mg/100g u neupakovanom
mesu, 45,8 mg/100 g u vakuumu i 43,12 mg/100 g
u MAP upakovanom mesu (15. dan odrzivosti). Do-
bijeni rezultati su najverovatnije u vezi sa poveca-
nim stepenom degradacije proteina u zavrsnoj fazi
ispitivanja mesa. Kolicina TVB-N moze posluziti
kao indikator svezine i odrzivosti mesa (Byun i dr.,
2003). Naime, koli¢ine TVB-N od 20 i 30 mg/100g
za svinjsko i govede meso, respektivno, se smatra-
ju grani¢nim prihvatljivim vrednostima za procenu
svezine mesa (Connell, 1990). Medutim, u pomenu-
toj studiji je prikazano da meso (svinjsko ili gove-
de) koje je ¢uvano na adekvatan nacin i sa sadrzajem
ukupnog isparljivog azota bliskim gore navedenim
grani¢nim vrednostima ne mora se nuzno smatrati
pokvarenim odnosno neupotrebljivim.

U tabeli 4 prikazani su koeficijenti korelacije
izmedu ispitanih hemijskih, fizi¢ko-hemijskih i sen-
zorskih parametara. U prva dva ciklusa ispitivanja,
u veéini slu¢ajeva, utvrdena je umerena do jaka ne-
gativna korelacija ispitanih hemijskih parametara i
senzorske ocene juneceg mesa, dok je u III ciklusu
uocena slaba negativna korelacija.

Koeficijenti korelacije za TVB-N vrednosti u |
i II ciklusu ispitivanja su bili od —0,685 do —0,943,
a povezanosti su kategorisane kao izrazito negativ-
no korelisane (koeficijenti korelacije izmedu —0,750
1 —1,000). U III ciklusu ove korelacije su bile u in-
tervalu —0,448 do —0,543 i klasifikovane kao nega-
tivno slabo povezane (koeficijenti korelacije izmedu
—0,250 1 —0,500). Moze se pretpostaviti da je porast
sadrzaja TVB-N, koji nastaje kao posledica mikro-
bioloske aktivnosti i pove¢ane degradacije proteina,
u vezi sa promenjenim izgledom mesa, bojom mesa
po povrsini i bojom mesa na preseku, kao i mirisom
i ukusom posle probe kuvanja.

U pogledu vrednosti kiselinskog broja i jacine
njegove veze sa ispitanim senzorskim svojstvima ju-
neéeg mesa, uocava se najjaca povezanost u Il ci-
klusu ispitivanja. Naime, u II ciklusu uocava se vrlo
jaka negativna korelacija izmedu vrednosti kiselin-
skog broja i izgleda mesa, boje mesa na povrsini i

preseku (tabela 4), u odnosu na I i III ciklus ispitiva-
nja. Pretpostavka je da su pocetne hidroliticke pro-
mene u lipidima u mesu upakovanom u vakuumu,
uslovile slabiju ocenu, pre svega, izgleda mesa, boje
na povrsini i preseku mesa. lako su utvrdene TBK
vrednosti bile daleko manje od 3 mg/kg (vrednost
pri kojoj se detektuje uzeglost), u I ciklusu se uoca-
va vrlo jaka negativna korelacija izmedu vrednosti
ovog parametra i senzorskih svojstava, a narocito u
odnosu na senzorsku ocenu ukusa posle probe kuva-
nja (r = -0,937) i posle probe pecenja (r =—-0,919).
U II ciklusu, ove korelacije su bile —0,733 (ukus po-
sle probe kuvanja) i —0,611 (ukus posle probe pece-
nja). U I ciklusu nije utvrdena statisticki znacajna
korelacija izmedu TBK vrednosti i rezultata senzor-
skih ispitivanja. U pogledu a,, vrednosti i njene ko-
relacije sa ispitanim senzorskim svojstvima juneceg
mesa, u Il 1 III ciklusu uoc¢ava se prili¢no ujednace-
na negativna, umerena povezanost (koeficijenti ko-
relacije izmedu —0,500 i —0,750), dok je u ciklusu
ova korelacija klasifikovana kao vrlo jaka negativna.

Zakljucak

Na osnovu dobijenih rezultata ispitivanja sve-
ze ohladene junece ruze ustanovljeno je da je vaku-
um pakovanje imalo pozitivan uticaj na usporavanje
senzorskih i hemijskih promena i o¢uvanje pozelj-
nih svojstava. Upakovana juneca ruza u vakuumu je
sa aspekta senzorskih osobina i hemijskih promena
pri datim uslovima skladistenja i u ambalazi korisce-
noj za pakovanje, bila prihvatljiva zaklju¢no sa 21.
danom ispitivanja, u sva tri ciklusa. Konzistentnosti
rezultata senzorskih ispitivanja i rezultata hemijskih
i fizicko-hemijskih ispitivanja, u sva tri ciklusa, zna-
¢ajno je doprineo ujednaceni inicijalni kvalitet june-
¢eg mesa. Na osnovu vrednosti Pirsonovog koefici-
jenta korelacije I, u 11 II ciklusu ispitivanja, u vec¢ini
slucajeva, utvrdena je umerena do jaka negativna
korelacija ispitanih hemijskih parametara i senzor-
ske ocene junec¢eg mesa, dok je u III ciklusu uoce-
na slaba negativna korelacija. Moze se zakljuciti da,
u uslovima dobre proizvodacke prakse, koja polazi
od zdravstvenog stanja i dobrobiti zivotinja za kla-
nje, preko postovanja svih procedura na liniji klanja,
rasecanja i pakovanja, kao i hladnog lanca i proce-
sne higijene, vakuum pakovanje svezeg, ohladenog
juneceg mesa daje veoma dobre rezultate u pogledu
produzenja odrzivosti i o¢uvanja prihvatljivih sen-
zorskih karakteristika mesa.
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Comparison of results of sensory and chemical and
physico-chemical investigations of fresh chilled beef
packaged in vacuum during storage in retail conditions

Luki¢ Mirjana, Vrani¢ Danijela, Turubatovi¢ Lazar, Petrovi¢ Zoran, Milicevi¢ Dragan, Karan Dragica,
Milijasevi¢ Milan

Summ ary: Vacuum packaging of fresh meat can contribute to prolonged shelf-life, slower chemical changes in meat, and
maintaining of desirable sensoric properties. The main goal of this work was the comparative examination of sensory and chemical
properties relevant for oxidative and hidrolytic changes of cooled fresh beef cuts (m.quadriceps femoris) in vacuum packaging, and the
determination of interdependence of hydrolytical and oxidative changes regarding to sensory characteristics. The beef flank cuts taken
from primal cuts (quarters) of 3 Simmental steers (average weight of 400 kg, one steer per testing cycle) after slaughtering, dressing
and cooling were taken for the experiment. Cutting and packaging in vacuum thermo-shrinkable multilayered bags was performed in
the industrial meat establishment, within 40 hours after slaughtering. The vacuum packaged beef cut samples were stored under con-
trolled temperature conditions (0-2°C) in refrigerated retail show case. During the night, samples were removed from show case and
stored in cold storage room in the same establishment (0-4°C). This method was repeated as daily routine during examination period.
Sensory and chemical examination dynamics was set as: day 1 (immediately after packaging), days 15, 21 and 28 in each particular
testing cycle (3). Sensory properties were evaluated by using quantitative-descriptive test, on a scale of 1 to 5. The following properties
were evaluated: appearance of meat, the colour of meat surface, the colour of meat intersection, structure, texture, smell of the fresh
meat, smell of the meat after cooking, taste of the meat afier cooking and roasting.

The examined chemical propertiess indicating oxidative and hydrolytic changes were: acid value, peroxide number, TBA test (test
with thiobarbituric acid to determinate malonaldehide content), TVB-N (total volatile basic nitrogen), a,, (water activity value) and pH.
Sensory and chemical qualities of vacuum packaged beef flank under established storage conditions were acceptable in all three testing
cycles, ending with the 21° day. In the first and second cycle, in most cases, there were confirmed medium to strong correlations of all
examined chemical parameters with the sensoric characteristics of beef. In the third cycle, the registered above mentioned correlations
between chemical parameters and sensory properties were classified as negative weak correlations.

Key words: fresh beef, vacuum packaging, sensory properties, chemical changes.

Rad primljen: 9.09.2013.
Rad prihvacen: 13.09.2013.
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Comparative mycological analysis of spices used in meat
industry

Jankovi¢ Vesna', Borovi¢ Branka', Velebit Branko!, Mitrovi¢ Radmila', Lakic¢evi¢ Brankica', Spiri¢ Danka’,
Balti¢ Tatjana’

Abstract: Spices are often considered as one of the possible sources of meat products contamination with toxigenic moulds.
Since spices are possible source of contamination of the final product and potential producers of mycotoxins, it is necessary to estimate
the degree of moulds contamination. Therefore it is necessary to conduct an adequate and continuous control of spices on presence of
the moulds. The choice of a culture media to carry out mycological analysis of food is extremely important to guarantee the reliability
of the analysis. This paper presents an overview of the analysis of different spices (n=15) for the presence of xerophilic moulds, by using
Dichloran Rose-Bengal Chloramphenicol Agar” (Oxoid, CM 727) and “Dichloran-Glycerol (DG18) Agar Base” (Oxoid, CM 729).,
Black and white grounded pepper, were the most contaminated (3.62-3.79 log cfu/g) of 15 samples tested, while in the remaining

samples an average contamination level of 2.7 log,y cfu/g was established.

Key words: a,, selective medium, xerophilic moulds.

Introduction

Spices and herbs are valued for their distinc-
tive flavours, colours, and aromas and are among
the most versatile and widely used ingredients in
food preparation (Skrinjar et al., 2012). Modern
meat industry cannot be imagined without utiliza-
tion of spices. However, spices, together with all
other dried material of herbal origin, are never ster-
ile. As is the case with many other agricultural prod-
ucts, spices and herbs may be exposed to a wide
range of microbial contamination pre — and post —
harvest (Hashem and Alamri, 2010). In most cases,
they contain sporogenic bacteria and moulds. These
microorganisms can cause spoilage of the product
by their metabolic activity, consequently resulting in
significant economic losses.

Presence of moulds in spices and later in sau-
sages or other meat products can result in produc-
tion of toxic metabolites — mycotoxins independ-
ent of contamination degree (Koci¢-Tanackov et al.,
2007). Mycotoxins are fungal secondary metabolites
identified in many agricultural products screened for
toxigenic moulds (Clevsrton and Ljunggren, 1985).
Mycotoxins have been reported to be carcinogen-
ic, teratogenic, tremorogenic, hemorrhagic, and der-
matitic to a wide range of organisms, and known to

cause hepatic carcinoma in man in humans and an-
imals (Frisvad et al., 2005; Zinedine et al., 2006).
Production of toxins primarily depends on genetic
factors; however, environmental conditions at the
site of mould growth (temperature, water activity,
matrix composition, moisture content, pH of the me-
dium, contamination and physical destruction of the
substrate, antifungal properties and other factors) are
considered highly significant (Skrinjar et al., 2012).

It has been reported that principal contaminants
of spices are xerophilic moulds from the genera Eu-
rotium, Aspergillus and Penicillium (Dimi¢ and
gkrinjar, 1995; Dimi¢ et al., 2000; Romagnoli et al.,
2007). Enumeration of yeasts and filamentous fun-
gi usually involves the inoculation of samples in sol-
id culture media through surface or pour plate meth-
od (Beuchat and Hocking,1990; Beuchat, 1998). In
general, culture media for fungal evaluation need
to be highly selective, suppressing the fast growing
bacterial contamination (4skun et al., 2007) and lim-
iting the growth rate and spread of fungal colonies,
but should allow the enumeration of theoretically all
species present in the samples. More recently, me-
dia supplemented with antibiotics, as the dichloran
rose of bengal and chloramphenicol (Skrinjar et al.,
2012), emerged as more efficient alternative. These
media show less toxic effect to the damaged cells,
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they are more effective to inhibit the bacterial devel-
opment and are used to induce a smaller amount of
food particles precipitation due its higher pH (Medi-
na et al., 2005). Routinely, dichloran rose of ben-
gal has been successfully applied to control the rate
dissemination of fungal species, limiting the rapid
spread of zygomycetes on the plate surface (Pardo
et al., 2006). Later, media with reduced activity of
water (a,) were introduced, as the dichloran glyc-
erol agar 18% (ay 0.95), for a general quantification
of moderately xerophilic fungi, those with fastidious
growth, which in a medium with traditional activity
of water (ay 0.99) may have their growth inhibited
due to the rapid development of other species.

In this paper, the efficacy of these two culture
media for quantification of fungi from different spic-
es was evaluated.

Materials and methods

Samples

A total of fifteen (n = 15) samples of commer-
cially available spices were analyzed for mould con-
tamination. The samples were provided from the
health food stores in bulk and from supermarkets.

Methods

The samples were processed according to the
ISO 21527-1:2008 and ISO 21527-2:2008 meth-
ods. All analyses were performed in triplicate under
aseptic conditions. Samples were inoculated by sur-
face plate technique according to the dilution per-
formed. For surface plating, 0.1mL aliquots were in-
oculated in plates with solidified medium, spreading
the inoculum on media surface. For the enumera-
tion, two different selective media were used: dichl-
oran 18% glycerol (DG18) agar and dichloran Rose-
Bengal chloramphenicol (DRBC) agar. The plates
were incubated at 28°C for 57 days and examined
for presence of moulds. The results were expressed
as colony forming unit per sample gram (CFU/g).

Identification of the isolates

For the identification of the cultures, each iso-
late was inoculated on Czapek-Dox Agar (CZ, Ox-
oid CM97). Macroscopic and microscopic morpho-
logical characteristics were used in the identification
process. Colony colour, texture and diameter, the
production of diffusible pigments, and exudates were
among macroscopic features, while conidia and con-
idiophore arrangements were the microscopic ones.

Isolates were identified according to standard
mycological procedures (Pitt and Hocking, 1995;
Samson and Pitt., 2000).

Results and discussion

Table 1 shows the results of mycological anal-
yses — enumeration of moulds in 15 different spice
samples using two different selective media, DG18
and DRBC. These media have different composition
of added sugars and water activity (a,). Numerous
xerophilic moulds, which are carriers of spices con-
tamination, have optional a,, below 0.90. Collabora-
tive investigations using those two selective media
provide more accurate perspective on micro popu-
lations. From fifteen spices, all samples were with
growth (Table 1), while samples 5 and 6 had the
highest contamination level (3.62-3.79 log), cfu/g).
Generally, the moulds were found with the mean
concentration of 2.7 log;o cfu/g.

DG18, of all the media evaluated, showed bet-
ter efficacy of fungal contamination in spices used in
meat industry. DG18 presented the better results in
the quantity from the evaluated spices.

Isolated moulds were classified into four gen-
era (Aspergillus, Alternaria, Paecylomyces and
Penicillium). Considering DG18, mycological re-
search showed better fungal diversity and the dom-
inant presence of genus Aspregillus (47.82%). The
remaining moulds were from genus Penicillium
(39.13%), Paecylomyces (8.69%), and Alternaria
(4.34%). On DRBC, contamination level was the
same for Aspergillus spp. and Penicillium spp. (Ta-
ble 2). In addition, the number of different genera
present was greater on the DG18 agar plates than on
the DRBC plates.

Dichloran 18% glycerol (DG18) agar was orig-
inally developed to enumerate xerophilic foodborne
moulds. However, some laboratories are using DG18
agar as a general medium to enumerate foodborne
moulds and yeasts. These results pointed to the fact
that media with limited amount of free water sup-
pressed the growth of moulds that are not extreme-
ly xerophilic in nature. It is also known that xero-
philic moulds can be divided into fast-growing and
slow-growing forms (Kocic-Tanackov et al., 2007).
Slow-growing moulds, even under optimal condi-
tions can be overgrown by fast-growing xerophiles.
The emergence of Aspergilli and Penicillia species
on the two different media indicated the presence of
these moulds as the dominant mycofiora of different
spices. This observation was greatly in agreement
with other authors who studied mycoflora of spices
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Table 1. Average total count of moulds obtained by different culture media in spices

Tabela 1. Prose¢ne vrednosti ukupnog broja plesni utvrdene u za¢inima koris¢enjem razlicitih podloga

total count (log;o cfu/g)
Sample ]1; gig DREC
1. Clove/Karanfili¢ 2.95 2.93
2. Rosemary/Ruzmarin 2.30 2
3. Sesame/Susam 2.20 2
4. Ginger/Dumbir 2.50 2.41
5. White pepper —ground/Mleveni beli biber 3.79 3.77
6. Black pepper — ground/Mleveni crni biber 3.66 3.62
7. White pepper in grain/Beli biber u zrnu 2.51 3.46
8. Black pepper in grain/Crni biber u zrnu 3.62 3.70
9. Oregano/Origano 2 2
10. Caraway/Kim 3.54 3.46
11. Chilli/Cili 2.51 2.49
12. Curry/Kari 3.55 3.49
13. Thyme/Timijan 2.34 2.32
14. Bay leaf/Lovorov list 2 2
15. Sweet basil/Bosiljak 2.07 2

and medicinal herbs (Dimi¢ et al., 2008; Jankovic¢ et
al., 2008; gkrinjar etal., 2012).

The variation in frequency of mycopopulation
of spices cultivated on DG18 and DRBC media is
most probably related to the strain type within one
species. Environmental factors also have significant
effect and can induce the growth of mycopopulation
on lower a,, values (optimal temperature and type of
nutritive components in the medium). Xerophiles,
especially selective ones tend to be very sensitive on
environmental conditions.

Askun et al. (2007) used Rose-Bengal chlo-
ramphenicol Agar (Oxoid, CM 549) and Dichlo-
ran-Glycerol (DG18) Agar (Oxoid, CM 729) for de-
termination of xerophilic moulds. Other media can
also be used such as Dichloran-Glycerol (DG18)

Agar Base (Pitt and Hocking, 1985), MY70FG and
MY50FG (Beuchat, 1998), MY50S and MY40S
(Beuchat and Hocking, 1990).

Moulds fall into two ecological categories,
e.g., field and storage moulds. Field moulds were
observed to invade developing or mature seeds
while they are on the plant, the major field moulds
genera being Alternaria, Fusarium and Clad-
osporium. On the other hand, storage moulds are
those encountered on plants in conditions of mois-
ture commonly found in stored products. These
moulds principally belong to species Aspergillus
and Penicillium (Abou Donia, 2008). The spices
can undergo fungal contamination mainly during
spice processing, storage and transport (Dimic et
al., 2008).
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Table 2. Review of moulds genera isolated from spices

Tabela 2. Pregled izolovanih rodova plesni iz za¢ina

Penicillium spp.

Genus
Sample
DGI18 DRBC
1. Clove/Karanfili¢ Asp ?rgi{lus SPP-, Asp e il]us SPP-,
Penicillium spp. Penicillium spp.
. Aspergillus spp., o
2. Rosemary/Ruzmarin Penicillium spp. Penicillium spp.
3. Sesame/Susam Penicillium spp. Penicillium spp.
4. Ginger/Dumbir Aspergillus spp., Aspergillus spp.,

Penicillium spp.

5.White pepper ground/Mleveni beli biber

Aspergillus spp.,
Penicillium spp.

Aspergillus spp.,
Penicillium spp.

6. Black pepper ground/Mleveni crni biber

Aspergillus spp.,

Paecylomyces spp. Aspergillus spp.

7. White pepper grain/Beli biber u zrnu

Aspergillus spp.,

Penicillium spp. Penicillium spp.

8. Black pepper grain/Crni biber u zrnu

Aspergillus spp Aspergillus spp

9. Oregano/Origano

Aspergillus spp.,

Alternaria spp. Aspergillus spp.,

10. Caraway/Kim

Penicillium spp. Penicillium spp.

11. Chilli/Cili

Aspergillus spp Aspergillus spp

12. Curry/Kari

Aspergillus spp Aspergillus spp

13. Thyme/Timijan

Penicillium spp. Penicillium spp.

14. Bay leaf/Lovorov list

Aspergillus spp.,
Alternaria spp.

Aspergillus spp.,
Alternaria spp.

15. Sweet basil/Bosiljak

Penicillium spp. Penicillium spp.

Conclusion

Based on obtained results, it can be conclud-
ed that it is necessary to use different selective me-
dia adjusted to specific requirements of xerophiles in
order to achieve proper isolation and accurate con-
tamination degree of spices by xerophilic moulds.

Utilization of selective media enables acquiring rep-
resentative insight into spices mycopopulation.

Our investigation showed that DG18, of all the
media evaluated, showed better efficacy in determi-
nation and enumeration of moulds in spices, fungal
diversity and the dominant presence of genus Asper-
gillus (47.82%) in spices used in meat industry.
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Komparativna mikoloSka analiza zaCina koji se Koriste
u industriji mesa

Jankovié¢ Vesna, Borovi¢ Branka, Velebit Branko, Mitrovi¢ Radmila, Lakiéevi¢ Brankica, Spiri¢ Danka,
Balti¢ Tatjana

R ez im e: Jedan od mogucih izvora kontaminacije proizvoda od mesa su i zacini. Kao i svi susSeni biljni materijali, zacini
nikada nisu sterilni. Sadrze, najcesce, sporogene bakterije i razne vrste plesni. Nezavisno od stepena kontaminacije, prisustvo plesni
u zacinima, a posledicno i u proizvodima od mesa, pod odredenim uslovima, moze da dovede do sinteze toksicnih metabolita — miko-
toksina. Sinteza mikotoksina uslovljena je, pre svega, genetskim faktorima, ali zavisi i od uslova spoljne sredine u kojoj se plesni
razmnozZavaju (temperatura, sastav supstrata, sadrzaj vliage, pH sredine, aktivnost slobodne vode — a,, prisustvo antifungalnih kom-
ponenti itd.).

Kao glavni kontaminenti zacina navode se kserofilne vrste plesni, sa rodovima Eurotium, Aspergillus i Penicillium kao pred-
stavnicima. S obzirom na to da zacini predstavljaju potencijalni izvor kontaminacije proizvoda od mesa, cilj rada je bio da se utvrdi
stepen rasprostranjenosti odredenih vrsta plesni koriséenjem razlicitih selektivnih podloga.

Zbog cinjenice da ne postoje odgovarajuce mikrobioloske podloge koje bi bile pogodne, istovremeno, za rast i odredivanje
,umereno ‘i ,,ekstremno* kserofilnih vrsta plesni, neophodno je kombinovanje selektivnih podloga kod kojih je a,-vrednost znatno
redukovana. Koriséenjem dve selektivne podloge DG 18 i DRBC, a u cilju izolovanja i utvrdivanja ukupnog broja plesni u zacinima
(n = 15), dobijeni su rezultati koji su dali preporuku za njihovu dalju primenu u slicnim ispitivanjima. Izolovane plesni klasifikovane
su u Cetiri roda: Aspergillus, Alternaria, Paecylomyces i Penicillium. Na osnovu mikoloskih istrazivanja, DG 18 podloga pokazala je
izrazeniji diverzitet i veci stepen efikasnosti u detekciji Aspergillus vrsta (47,82%). Preostale plesni pripadale su rodovima Penicillium
(39,13%), Paecylomyces (8.69%) i Alternaria (4,34%). Za DRBC podlogu, utvrden je isti nivo kontaminacije za Aspergillus spp. i
Penicillium spp. Na osnovu dobijenih rezultata, moze se zakljuciti da je, u cilju izolovanja i utvrdivanja realne mikopopulacije plesni u
zacinima, neophodna primena selektivnih podloga koje su prilagodene specificnim svojstvima ispitivanih kserofila.

Kljuéne redi: a,, selektivne podloge, kserofilne plesni.
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Changes in the proximate and fatty acid composition in
carp meat during the semi intensive farming

Trbovi¢ Dejana’, Markovi¢ Zoran?, Petronijevi¢ Radivoj!, Milijasevi¢ Milan!, Spiri¢ Danka’,
Vrani¢ Danijela!, Spiri¢ Aurelija’

Summary: The aim of this study was to examine and evaluate the proximate composition and fatty acid profiles of carp (Cyprinus
carpio) during rearing in the semi-intensive farming conditions, supplementary fed extruded feed. Carp at the age of two years was submit-
ted to trials, from spring to autumn, at the fish farm ,, Ecka“AD. Samples of carp were collected in April, June, September and October.

The protein content in fish sampled in September was significantly different from the protein content in fish sampled in April,
June and October (p<0.001), (17.48%, 17.27%, 18.28% and 17.26%, respectively). The quantities of total lipids slightly increased
(2.25%, 2.37%, 3.02% and 4.72%, respectively) with the increase of the fish weight (598 g, 874 g, 1439 g and 1984 g, respectively), but
significant increases occurred between September and October (p <0.001). The moisture content decreased (79.55%, 78.86%, 77.46%
and 75.72%, respectively). Principal Component Analysis (PCA) and Linear Discrimination Analysis (LDA) indicated that there were
significant changes in the fatty acid composition of carp during growth. Starting from April to October the quantities of fatty acids were
as follows: SFA (saturated fatty acids) — 28.47%, 28.97%, 24.86% and 23.66%, respectively; MUFA (monounsaturated fatty acids)
—38.57%, 40.52%, 41.68% and 42.43%, respectively; PUFA (polyunsaturated fatty acids) — 32.53%, 30.49%, 31.53% and 32.55%, re-
spectively. The additional feeding of carp with the extruded feed influenced the increase in quantities of MUFA and n-6 PUFA (24.98%,
22.86%, 26.96% and 27.99%, respectively), and the decrease in quantities of the nutritionally important n-3 PUFA (5.13%, 6.59%,
4.57% and 4.57%, respectively). The highest n-3/n-6 ratio was obtained in June (0.30) and the lowest in October (0.16), indicating that
the applied extruded feed was rich in n-6 and poor in n-3 PUFA. PCA and LDA have shown that significant changes in the fatty acid
composition of carp during the breeding occured. Separation of the carp according to the sampling period was achieved by the LDA
analysis, which is consistent with the type of ingested food.

Key words: carp, semi intensive farming, proximate composition, fatty acids, analysis of variance (ANOVA), Principal compo-
nent analysis (PCA), Linear discrimination analysis (LDA).

Introduction on the favourable effect of n-3 polyunsaturated fat-
ty acids from fish on human health, confirming that
increased fish consumption has a role in the preven-

tion of coronary heart disease, especially myocar-

The limited resources of marine fish species
and the growing demand for fish for human con-

sumption have led to the expansion of aquaculture in
many countries worldwide. Fatty acids (FA) which
are provided by water resources play an important
role in human nutrition (Ackman, 2000; Hunter and
Roberts, 2000). Long-chain n-3 polyunsaturated fat-
ty acids (PUFA) cannot be synthesized in the hu-
man body, and, therefore, they have to be ingested
through diet (Alasalvar et al., 2002). There are nu-
merous studies (Arts et al., 2001; Von Shacky, 2001;
Mozaffarian et al., 2004; Givens et al., 2006; Sahe-
na et al., 2009; Barcelo-Coblijn and Murphy, 2009)

dial infarction, arteriosclerosis, hypertension and
other cardiovascular diseases. In addition to the pre-
vention of coronary heart disease and hypertension
reduction, the beneficial effect of n-3 PUFA is re-
flected in the prevention of the inflammatory (More-
no and Mitjavila, 2003) and autoimmune diseases
(Zamaria, 2004 ), and cancer (Terry et al., 2004), di-
abetes (Nettleton and Katz, 2005), etc.

Cyprinidae fish family dominates world aquacul-
ture, and the common carp is one of the oldest domes-
ticated fish species for food (Balon, 2006). In Europe,
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particularly in the Central and Eastern Europe, cyprin-
ids are one of the most important fish family in aqg-
uaculture production, and, among them, the common
carp (Cyprinus carpio) is the most cultivated species.
The dominant form of common carp production is
the semi-intensive farming system, where the diet of
the fish is based on a combination of natural food and
supplementary feed (cereals, such as wheat, maize
and barley). To improve and intensify the carp pro-
duction cereals are replaced by extruded feed (Stef-
fens and Wirth, 2007; Markovic et al., 2009).

The meat composition and fatty acid profile
of farmed carp are, to great extent, influenced by
diet (Caballero et al., 2002; Valente et al., 2007,
Ljubojevic¢ et al., 2012). Generally, under the same
farming conditions, feed rich in n-3 fatty acids great-
ly increases the n-3/n-6 PUFA ratio in the fish tissue
(Robin and Skalli, 2007; Al-Souti et al., 2012). How-
ever, the lipid content and fatty acid composition of
fish can differ within species depending on a variety
of conditions, including gender, the state of the eco-
system inhabited by the fish, and the environmen-
tal conditions (Zmijewski et al., 2006; Vandeputte et
al., 2008; Prato and Biandolino, 2012). Some oth-
er factors such as water temperature and its quality,
the type and the availability of food, the season, age,
and individual differences can influence these vari-
ations, as well (Rasoarahona et al., 2004; Guler et
al., 2008; Trbovic et al., 2009).

Considering the carp farming, literature data in-
dicate that changes in the muscle mass of fish, which
are reflected on its nutritional value, are caused by
genetic factors, diet and environmental conditions
(Gery et al., 1995; Fauconneau et al., 1995). It has
been demonstrated providing to carp high-ener-
gy feed, in order to stimulate growth and to shorten
the breeding time, mostly contributes to the increase
in fat content, and protein content remains constant
(Kaushik, 1995).

Fatty acid composition of farmed fish differs
from the fatty acid composition of the fish from
open waters, mainly because of diet, and fish from
open waters is considered to contain larger amounts
of n-3 PUFA. However, some research indicate that
farmed fish contain higher amounts of n-3 PUFA,
compared to the fish from open waters, when the fat-
ty acids are expressed as mg/100 g of the fish, in-
stead as a weight percentage of the total fatty acids
(Cahu et al. 2004).

Convenient climate conditions, and numerous
rivers and rivers’ accumulations in the lowlands of
the country, contributed to a long-standing tradition
in the cultivation of cyprinids, mainly carp, and in the
creation of habits for carp consumption. Thus, fresh-
water fish belonging to the cyprinid family became

economically and nutritionally important for Serbi-
an population, and carp is nowadays one of the most
cultivated fish species in the country. The increasing
demands for higher productivity of carp farms, and
for higher quality of the carp meat are contributing to
improving the farming conditions. Carp is cultivated
on farms with semi-intensive production systems, in
which, except naturally occurring food, fish is addi-
tionally fed extruded feed or cereals.

Multivariate data analysis might correlate the
fatty acid composition of the fish fed different di-
ets to the fatty acid profiles of the feed (Barrado et
al., 2003). The use of multivariate methods, such as
principal component analysis (PCA) and linear dis-
crimination analysis (LDA), enables a better under-
standing of the fatty acid composition of the carp
meat according to the fish diet and summarizes the
statistical correlation among fatty acids.

The aim of this study was to investigate and
evaluate the proximate composition and fatty acid
profiles of carp during rearing in semi-intensive
farming conditions supplementary fed extruded feed.
Data on the effect of supplementary diet on the li-
pid content and fatty acid composition of carp will
be used to improve the nutritional value of carp meat.

Materials and methods

Fish samples

One-year old carp was submitted to trials from
spring to autumn at the fish farm ,,E¢ka“AD, a farm
with semi-intensive carp breeding system. The con-
ditions on the farm were convenient for carp breed-
ing, since the historical data indicate that an or-
ganized carp production started in the year 1891
(www.ribnjakecka.com). Carp samples were collect-
ed from spring to fall (April, June, September and Oc-
tober). Except naturally occurring food, according to
the breeding season and to the fish farm productivi-
ty, fish were additionally fed extruded feed consisting
of maize, soybean meal and fish meal. The feed con-
tained 23.81% proteins and 6.97% lipids. Feed provid-
ed to the fish was as follows: in April 0.1% to 0.3%, in
May 0.3% to 1%, in June 1% to 2%, in July and Au-
gust 3%, in September 2% to 3%, with respect to fish
biomass and depending on the water temperature, its
saturation with oxygen and on the amount of accessi-
ble natural food. The weight of each fish was deter-
mined in the laboratory, on a technical balance. The
fish samples were kept at -25°C until analyses. Before
analysis, fish was left at room temperature for an hour
to defrost partly, so that the skin, heads, tails, fins and
intestines could be removed, and fish afterwards was
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filleted. Fish fillets were disintegrated in a CombiMax
600 blender (Braun GmbH, Kronberg, Germany). De-
termination of proximate composition was performed
in triplicate, while fatty acid analyses in duplicate.

Chemicals and standards

The chemicals for proximate composition anal-
ysis were of analytical grade purity. The solvents
for GC analysis were of GC-grade purity, obtained
from Merck (Darmstadt, Germany) and Sigma-Al-
drich (Munich, Germany). Following regular clean-
ing according to the standard laboratory procedure, all
glassware was rinsed sequentially with acetone and
hexane. Solvent blanks were checked whenever new
lots of reagents were used. The reagent for derivatiza-
tion of fatty acids, 0.25 M TMSH (trimethylsulphoni-
um hydroxide) in methanol, grade for GC derivatiza-
tion, was purchased from Fluka (Buchs, Switzerland).
Heneicosanoic acid methyl ester (p.a. >99%, Fluka,
Buchs, Switzerland) was used as internal standard.

The standards used for determination of fatty
acids (Supelco 37 comp. FAME mix, 10 mg mL-! in
CH,Cl), analytical standard grade, were purchased
from Supelco (Bellefonte, USA). Before gas chro-
matographic analysis all sample extracts were fil-
tered through a 0.2 pm nylon syringe filters (Nipro
Europe N.V., Zaventem, Belgium).

Proximate composition analysis

The proximate composition of fish samples
was determined using standard SRPS ISO methods.
Protein content in fish filets (N x 6.25) was deter-
mined by the Kjeldahl procedure on a Kjeltec Auto
1030 Analyzer (Tecator, Hogands, Sweden). Mois-
ture content was determined by drying of samples at
103 £ 2°C to constant mass (SRPS ISO 1442:1998).
Total fat content was determined by extraction of the
weighted amount of fish flesh with petroleum ether
(30-50°C b.p.) in a Soxhlet apparatus, after acid hy-
drolysis of the sample (SRPS ISO 1443:1992). The
ash content in the sample was determined by dry
ashing at 550 + 25°C (SRPS 1SO 936:1999).

GC analysis of fatty acid

Total lipids were extracted from the fish fillets
using accelerated solvent extraction (ASE 200, Di-
onex, Sunnyvale, CA, USA), as previously reported
(Spiri¢ et al., 2010). Fatty acid methyl esters (FAME)
were prepared by transesterification using 0.25M
TMSH (EN ISO 5509:2000). Prior to transesterifica-
tion, 0.05 mL (10 mg/mL) of heneicosanoic acid me-
thyl ester solution was added as an internal standard.

Fatty acid methyl esters were determined by
GC Shimadzu 2010 (Kyoto, Japan) equipped with a
split/splitless injector, fused silica cyanopropyl HP-
88 column (length 100 m, i.d. 0.25 mm, film thick-
ness 0.20 pum, J&W Scientific, Orangevale, CA,
USA), flame ionization detector and work station.
The injection volume was 1pL, in the split ratio of
1:50. Nitrogen was used as carrier gas at flow rate
of 1.33 mL min'. The injector and detector temper-
atures were 250°C and 280°C, respectively. Hydro-
gen and air were used as flame gases, at flow rates of
40 mL min! and 400 mL min’!, respectively. Nitro-
gen was used as a make-up gas at flow rate of 30 mL
min~!. The programmed column oven temperature,
starting at 125°C and ending at 230°C, was applied.
More detailed data on the operating conditions have
been previously reported (7rbovié et al., 2013). To-
tal analysis time was 50.5 min. Chromatographic
peaks in the samples were identified by comparing
their relative retention times to FAME peaks reten-
tion times in the Supelco 37 Component FAME mix
standard. Chromatographic peak areas were correct-
ed by response factors. Response factors were calcu-
lated by the ratios between the peak area of the in-
dividual fatty acid methyl ester and of the internal
standard. Relative quantities of fatty acids were ex-
pressed as weight% of the total fatty acids. The sig-
nal to noise (S/N) ratio was used for the estimation
of the limit of detection, LOD (LOD = 3%S/N) and
of the limit of quantification, LOQ (LOQ = 10xS/N).

Statistical analysis

Analysis of variance (ANOVA) with Tukey —
Kramer test was used to analyze the data at P = 0.05
level. Principal component analysis (PCA) and lin-
ear discrimination analysis (LDA) were performed
using JMP 8.0.1 software (SAS Institute Inc. NC,
USA).

Results and discussion

Data on the water temperature on the farm, and
the average carp weight during rearing are presented
in Table 1. A significant increase in the fish weight
between June and September (p<0.001), and Sep-
tember and October (p<0.001) was established. The
significant increase in the carp weight was a conse-
quence of the intensive feeding of fish during sum-
mer, when carp consumed large quantities of sup-
plementary feed. The favourable environmental
conditions in the aquatic environment contributed to
the increase of fish biomass, as well.
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Table 1. Water temperature and carp weight during rearing
Tabela 1. Temperatura vode i masa Sarana u toku uzgoja

April (n = 6) June (n =7) September (n=7) October (n =8)
Water temperature, °C/
Temperatura vode, °C 14 2 20 6
Carp weight, g/
598 + 162¢ 874 + 142¢ 1439 + 1738 1984 + 3224

Masa Sarana, g

n —number of samples;* B € — Values in the same row followed by the same letters do not differ significantly (P>0.05)/
n — broj uzoraka; - B € — Vrednosti u istom redu sa istim slovnim oznakama se zna¢ajno ne razlikuju (P>0.05)

Data for the proximate composition of carp
during rearing are presented in Table 2.

The protein content in fish sampled in Sep-
tember was significantly different from the pro-
tein content in fish sampled in April, June and Oc-
tober (p<0.001). The total lipids slightly increased
with the increasing size of the fish, but a signifi-
cant increase occurred from September to October
(p<0.001). On the contrary, the moisture content de-
creased (p<0.001). Generally, the total lipids in the
carp meat were in the range from 2.25-4.72%, what
classifies the carp from aquaculture in a low fatty
fish (Huss, 1995). Ash content was significantly dif-
ferent in carp sampled in June from the carp sam-
pled in September (p<0.01) and October (p<0.01).
As ash content is endogenously regulated, this might
be a consequence of biological changes during the
fish growth (Shearer, 1994).

Fatty acid composition (% of total fatty acids)
of carp during rearing is presented in Table 3.

From the presented data, it is noticable that the
levels of MUFA significantly increased during fish
grow, while the levels of SFA decreased. The share
of total PUFA in the fillets did not change signifi-
cantly during carp rearing (p>0.05).

ANOVA test indicated that between June and
September the content of n-6 PUFA significantly in-
creased (p<0.01), while the content of n-3 PUFA
decreased (p<0.01), what is associated with an in-
creased feed intake during summer period, The in-
crease in n-6 PUFA led to a reduction in the n-3/n-6
ratio, and, thus, to the reduction of the quality of
the fish. The n-3/n-6 ratio was the highest in June
(0.30), and the lowest in October (0.16), indicat-
ing the quality of the carp feed, which was rich in
n-6 and poor in n-3 PUFA, in October. Henderson
and Tocher (1987) have reported n-3/n-6 values of
0.5-3.8 for freshwater fish.

Changes in the fatty acid profiles in carp dur-
ing rearing are better visualized by PCA (Figure 1
and 2).

Table 2. Proximate composition of carp during rearing

Tabela 2. Hemijski sastav Sarana u toku uzgoja

Chemical parameters/

Hemijski parametri April (n = 6) June (n=7)  September (n=7) October (n=28)
Proteins,%/Proteini,% 17.48 + 0.628 17.27 £ 0.478 18.28 + 0.29A 17.26 £0.30°
Moisture,%/Vlaga,% 7955+ 1148 78864060  7746+1208 02 E09%
Total lipids,%/Ukupni lipidi,%  2.25%0.71° 2.37+0.29° 3.02+ 1038 472£0.71%
Ash,%/Pepeo,% 11701178 1.26+0.134 1.05 £ 0.06% 111 + 0.06°

n — number of samples; B € — Values in the same row followed by the same letters do not differ significantly (p>0.05)
n — broj uzoraka; * B € — Vrednosti u istom redu sa istim slovnim oznakama se zna¢ajno ne razlikuju (p>0.05)
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Table 3. Fatty acid composition (% of total fatty acids) of carp during rearing
Tabela 3. Sastav masnih kiselina (% od ukupnih masnih kiselina) Sarana u toku uzgoja

ll\?;;gl::(ii(:zine April (n = 6) June (n =7) September (n =7) October (n = 8)
14:0 1.23 £0.244 1.21+£0.154 0.82 +0.05® 0.84 £ 0.068
15:0 0.34 £0.224 0.33+0.16* 0.22 £0.03~ 0.18 £0.044
16:0 19.89 £2.4148 20.86 £ 1.134 18.28 + 0.898¢ 17.80 £ 0.76¢
16:1 6.32+1.134 5.43 +£1.3248 3.97 £ 0.438 5.01 £0.834B
17:0 0.64 +0.31~ 0.61 +£0.094 0.39 £ 0.048 0.34 +£0.08B
18:0 6.37 £1.042 5.95+0.524 5.15+0.448 4.48 +£0.28¢
18:1n-9 26.68 +3.208 30.74 £ 1.5848 33.55+£2.594 33.09 £ 2.464
18:1n-7 3.93£1.194 2.84 £ 0.328 2.42 £0.088 2.57+0.188
18:2n-6 22.30+4.198 21.45+£3.248 25.04 £ 0.62A8 26.09 £ 1.814
18:3n-6 0+0¢ 0.12 £0.20¢B 0.25 +0.04B 0.34 £ 0.05%
18:3n-3 2.24 +0.528 3.86 £ 0.544 2.12+£0.34B 2.23+£0.278
20:1 1.74 £ 0.074 1.51 £0.088 1.70 £ 0.24A8 1.76 £ 0.244
20:2 1.02+£0.132 0.66 +0.12B 0.81 +£0.13B 0.68 £ 0.098
20:3n-6 1.41 £0.494 0.64 + 0.08B 0.86 + 0.448 0.85+0.41B
20:3n-3 0.50 + 0.0948 0.50+£0.108 0.70 £ 0.224 0.47+0.118
22:14+20:4 2.41+0.194 1.04 £ 0.28® 1.25+0.148 1.35+0.288
20:5n-3 0.89 +0.26* 0.96 £ 0.26* 0.52+0.168 0.58+0.13B
22:5n-3 0.52 +£0.124 0.46 +£0.134 0.29 + 0.09B 0.28 £0.07®
22:6n-3 1.21 £0.294 0.81 £0.204 0.94 +0.224 1.01 £0.274
SFA 28.47 £3.924 28.97 £ 1.254 24.86 £ 1.03B 23.66 + 0.80B
MUFA 38.57 £2.038 40.52 +2.484B 41.68 £2.594 42.43 +£2.934
PUFA 32.52 +£3.384 30.49 +£3.124 31.53+1.914 32.55+£2.374
n-3 5.13+0.908 6.59 +0.894 4.57 £0.598 4.57 £ 0.668
n-6 24.98 + 3.834B 22.86 +3.24B 26.96 £ 1.754 27.99+1.914
n-3/n-6 0.21 £ 0.068 0.29 £0.074 0.17 £ 0.028B¢ 0.16 £ 0.02€

n — number of samples;* B- € — Values in the same row followed by the same letters do not differ significantly (p>0.05)

n — broj uzoraka; A B € — Vrednosti u istom redu sa istim slovnim oznakama se zna¢ajno ne razlikuju (p>0.05)

PCA of the fatty acid profiles, taking carp
weight and lipid content as variables, resulted in
two principal components model describing 60.3%
of the total data variability. In particular, PC1 ex-
plained 42.8% of the variability and PC2 explained
about 17.5%. The score plot of the first two princi-
pal components (Figure 1) indicated to the group-
ing of carps during growth according to the months
of sampling.

Considering groups of FA and the most im-
portant fatty acids, such as oleic, 18:1n-9; linoleic,
18:2n-6; linolenic acid, 18:3n-3; EPA, 20:5n-3;

DPA, 22:5n-3 and DHA, 22:6n-3, the PCA clearly
differentiated carps according to the period of sam-
pling.

As it can be seen from the Figure 2, oleic acid
contributed to the great extent to the variability on the
positive part of the PC1. High positive correlation of
oleic acid with carp weight and total lipids (r>0.6;
p<0.0001) indicated that the total lipids and the con-
tent of oleic acid increased with the increase of carp
weight. Linoleic acid that contributed to the positive
part of the PC2 enabled to distinguish carp in Septem-
ber and October with higher amounts of this fatty acid.
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Figure 1. Principal component analysis score plot of the fatty acid profiles of carps during rearing

Slika 1. Vrednosti skorova dobijenih analizom glavnih komponenti za sastav masnih kiselina Sarana u toku uzgoja

On the negative part of the PC1, DPA, EPA
and linolenic acid correspond to carp which con-
tained higher quantities of these fatty acids in April
and June. Carp can adjust the fatty acid metabolism
to the prevailing temperature in such a way that in-
creases in the temperature gives rise to the increased
metabolism of saturated fatty acids (7ocher, 2003).

This is, probably, the reason why SFA were present-
ed in June in higher quantities, when temperature
was the highest. The presence of the linolenic acid
and of the long-chain PUFA (EPA, DPA) in carps in
April and June could be a consequence of the higher
intake of natural food. The natural food, represented
by plankton and benthos, is a source rich in linolenic

+PUFA
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Figure 2. Principal component analysis loading plot of the fatty acid profiles of carps during rearing

Slika 2. Projekcija vektora dobijenih analizom glavnih komponenti za sastav masnih kiselina Sarana u toku uzgoja

44



Tehnologija mesa 54 (2013) 1, 39—47

Canonical 2
N
1

" o September
o 48
a
o A
tober

T T T T
-120 -115 -110

Canonical 1

Figure 3. Canonical plot of the fatty acid profiles of carps during rearing

Slika 3. Kanoni¢ni prikaz sastava masnih kiselina Sarana u toku uzgoja

acid and EPA (Domaizon et al., 2000; Bogut et al.,
2007; Zivic et al., 2011), but poor in DHA. Bell et
al. (1994) have reported that DHA in freshwater in-
vertebrates was present in small amounts. The avail-
ability of natural food in April and June, probably,
caused an increase in the content of n-3 fatty acids
in carp, what consequently resulted in a better qual-
ity of the fish meat.

The separation of carps during rearing might
be improved by the linear discrimination analysis.
From the data presented in Figure 3, a clear differ-
entiation of carps in four groups is noticable, ac-
cording to the months of sampling. The grouping
was very satisfactory, and allowed 96% of the fish
to be correctly grouped. Out of the 28 tested sam-
ples, 27 were classified according to the months of
sampling.

LDA demonstrated that the first discriminant ei-
genvalue (27.7) explained 67% of the total variance
and the second eigenvalue (11.7) explained 28% of
the total variance. The established Wilks value was
equal to 0.0009 (p<0.0001). By canonical correla-
tion, the first and the second discriminant functions
were established to be 0.982 and 0.960, respectively.

As the distances between the points on the ca-
nonical plot are shorter, the differences in the FA
profiles of the fish samples are smaller. As it can be
seen, fish in April and June are distant one from the
other and far from September and October, which is
in correlation to the type of the ingested food in that
period. The shortest distance, e.g. the greatest simi-
larity in the FA profiles, was observed between carps
in September and October, due to the reduction of

natural food on the farm and to the higher intake of
the supplementary feed.

Conclusion

The obtained data indicate that the protein con-
tent in fish sampled in September was significantly
different from the protein content in fish sampled in
April, June and October (p<0.001). The quantities
of the total lipids slightly increased with the increase
of the fish weight. But, significant increase occurred
from September to October (p<0.001). On the con-
trary, the moisture content decreased.

Based on the PCA and LDA, it can be conclud-
ed that there were significant changes in the fatty acid
composition of carp during the investigating period of
growth. Except supplementary feed, the availability of
natural food on the carp farm influenced the fatty acid
composition of carp during rearing. However, the ad-
ditional feeding of carp with extruded feed influenced
the increase in quantities of MUFA and n-6 PUFA, and
the decrease in the quantities of nutritionally impor-
tant n-3 PUFA. The highest n-3/n-6 ratio was obtained
in June (0.30), and the lowest in October (0.16), indi-
cating that the applied extruded feed was rich in n-6
and poor in n-3 PUFA. Analysis of the fatty acid com-
position in combination with multivariate analysis is
a powerful tool in differentiation of carp during rear-
ing according to the food available on the farm, and to
the offered supplementary feed, as well. Based on this
analysis, it can be concluded that the quality of supple-
mentary feed has to be improved in order to achieve
better nutritional quality of the final product.
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Promene hemijskog i masnokiselinskog sastava mesa
Sarana u toku poluintenzivnog uzgoja

Trbovi¢ Dejana, Markovi¢ Zoran, Petronijevi¢ Radivoj, Milijasevi¢ Milan, Spiri¢ Danka, Vrani¢ Danijela,

Spiri¢ Aurelija

R e zime: Cilj ovog rada bio je ispitivanje osnovnog hemijskog i masnokiselinskog sastava sarana (Cyprinus carpio) u toku uz-

goja u poluintenzivnom sistemu uz prihranjivanje ribe ekstrudiranom hranom, kao i statisticka evaluacija dobijenih rezultata. Eksperi-
ment je realizovan od proleca do jeseni, na ribarskom gazdinstvu ,, Ecka“AD, a koriséen je dvogodisnji Saran u nasadu za dvogodisnji.
Uzorci Sarana su uzimani u toku aprila, juna, septembra i oktobra meseca.

Sadrzaj proteina u Saranu koji je uzorkovan u septembru znacajno se razlikovao od sadrzaja proteina u Saranu koji je uzorkovan
u aprilu, junu i oktobru (p <0,001), (17,48%, 17,27%, 18,28% i 17,26%, respektivno). Kolic¢ine ukupnih lipida su blago rasle (2,25%,
2,37%, 3,02% i 4,72%, respektivno) sa povecanjem mase ribe (598 g, 874 g, 1439 g i 1984 g, respektivno), a izmedu septembra i
oktobra doslo je do znacajnog povecanja ukupnih lipida (p <0,001). Sadrzaj vlage se smanjivao (79,55%, 78,86%, 77,46% i 75,72%,
respektivno). Analiza glavnih komponenti (Principal Component Analysis, PCA) i diskriminaciona linearna analiza (Linear Discri-
mination Analysis, LDA) ukazuju da je u toku perioda rasta ribe doslo do znacajnih promena u sastavu masnih kiselina. U periodu
istrazivanja, od aprila do oktobra, kolicine masnih kiselina su bile sledece: ZMK (zasicene masne kiseline) —28,47%, 28,97%, 24,86%
i 23,66%, respektivno; MNMK (mononezasi¢ene masne kiseline) — 38,57%, 40,52%, 41,68% i 42,43%, respektivno, PNMK (polineza-
sic¢ene masne kiseline) — 32,.53% , 30,49, 31,53% i 32,55%%, respektivno. Prihranjivanje Sarana ekstrudiranom hranom uticalo je na
porast kolicina MNMK i n-6 PNMK (24,98%, 22,86%, 26,96% i 27,99%, respektivno), kao i na smanjenje kolicina nutritivno vaznih
n-3 PNMK (5,13, 6,59%%, 4,57% i 4,57%, respektivno). Najveci odnos n-3/n-6 masnih kiselina dobijen je u junu (0,30), a najmanji u
oktobru (0,16), Sto ukazuje da je ekstrudirana hrana koja je na ribnjaku korisé¢ena bila bogata sa n-6 i siromasna sa n-3 PNMK. PCA
i LDA su pokazale da je doslo do znacajnih promena u sastavu masnih kiselina Sarana tokom uzgoja. LDA analizom postignuto je
razdvajanje Sarana prema periodu uzorkovanja, a sto je u korelaciji sa vrstom unete hrane.

Kljucne reci: saran, poluintenzivni uzgoj, osnovni hemijski sastav, masne kiseline, analiza varijansi (ANOVA), analiza glavnih
komponenti (PCA), linearna diskriminaciona analiza (LDA).
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Hemijski sastav, sadrzaj holesterola i sastav masnih
Kiselina Sarana (Cyprinus carpio) iz slobodnog izlova,
poluintenzivnog i kaveznog sistema gajenja

Ljubojevi¢ Dragana’, Cirkovi¢ Miroslav', Pordevic¢ Vesna®, Trbovi¢ Dejana?, Vrani¢ Danijela’,
Novakov Nikolina?, Masié¢ Zoran!

Sadrzaj: Poznavanje hemijskog sastava mesa riba je vazno, posto je njegova potrosnja u porastu, na osnovu preporuka da ova
vrsta mesa treba da bude bitna komponenta zdrave ishrane. Osnovni cilj istrazivanja je bio ispitivanje i poredenje rezultata analiza mesa
Sarana iz slobodnog izlova (Dunav), poluintenzivnog sistema (RG ,, E¢ka ) i kaveznog sistema gajenja (kavezni sistem Vrbas). Rezultati
ispitivanja su pokazali da je postojala statisticki znacajna razlika (P < 0,05) u sadrZaju vode (73,58; 78,31 i 70,32%, respektivno) i masti
(6,95, 3,14; 9,79%, repektivno) u ispitanim uzorcima Sarana prema nacinu gajenja. Meso Sarana sa RG ,, Ecka * sadrzalo je manje masti
u poredenju sa mesom Sarana koji je izlovijen iz Dunava. Sadrzaj proteina se nije znacajno razlikovao izmedu ispitanih uzoraka sarana.
Sadrzaj holesterola je bio znacajno vecéi u uzorcima mesa riba iz Dunava (45,49 mg/100g) i ribnjaka Ecka (49,64 mg/100g), u odnosu
na uzorke mesa Sarana iz kaveznog sistema (26,53 mg/100g). Palmitinska kiselina je bila najzastupljenija zasicena masna kiselina
(polysaturated fatty acids) u mesu sve tri grupe Sarana i postojala je statisticki znacajna razlika (P < 0,05), izmedu grupa, pri Cemu je
najvisi sadrzaj izmeren kod Sarana iz Dunava. Ukupan zbir je bio najvecéi u Saranima iz Dunava, zatim slede Ecka i Vibas (27,59; 25,44
i 17,18% respektivno). Sadrzaj mononezasicenih masnih kiselina (monosaturated fatty acids), je bio najveéi u uzorcima fileta Sarana iz
Dunava (52,94%), a najmanji u uzorcima mesa ribe iz kaveznog sistema gajenja (37,25%). Sadrzaj najdominantnije, oleinske kiseline,
bio je priblizno isti u sve tri grupe Sarana. Ukupan sadrzaj polinezasic¢enih masnih kiselina (polyunsaturated fatty acids) je bio najveci u
uzorcima Sarana iz kaveznog sistema gajenja (45,46%), a najmanji u mesu Sarana iz Dunava (19,60%).

Razlog za to je visoki sadrzaj linolne kiseline u uzorcima Sarana iz kaveznog sistema, koji je bio dva puta veci u odnosu na Sarana
iz Ecke, a gotovo 5 puta veci u odnosu na Sarana iz Dunava. Najpovoljniji w-3/w-6 odnos je ustanovljen u filetima dunavskog Sarana
(0,44%), a najnepovoljniji kod Sarana iz kaveznog sistema gajenja (0,10%,). U filetima Sarana iz ribnjaka AD ,, Ecka* ustanovljen je
w-3/w-6 odnos od 0,29. Rezultati ovog istrazivanja doprinose boljem poznavanju nutritivnog kvaliteta mesa Sarana iz slobodnog izlova
i Sarana iz akvakulture i mogu biti od znacaja prilikom formulisanja kompletnih smesa za ishranu Sarana, u cilju postizanja optimal-
nijih proizvodnih rezultata, pozeljnog kvaliteta mesa, a ujedno i ekonomski isplativije proizvodnje.

Kljucne reci: saran, slobodan izlov, poluintenzivni sistem, kavezni sistem gajenja, hemijski sastav, holesterol, masne kiseline.

Uvod

Ishrana ribom obezbeduje ljudskom organiz-
mu dovoljne koli¢ine proteina, slobodnih amino-ki-
selina, minerala i vitamina (4ckman, 2000), a, pored
toga, i dovoljne koli¢ine polinezasi¢enih masnih ki-
selina (PUFA, polysaturated fatty acids), a posebno
n-3 PUFA (Kminkova i dr., 2001). Postoje ¢vrsti do-
kazi da PUFA snizavaju nivo holesterola u krvi, tako
da one mogu biti znacajne u prevenciji kardiovasku-
larnih bolesti (Conor i Conor, 2010), a poznato je i

da smanjuju mortalitet kod pacijenata sa koronarnim
oboljenjima (Kris-Etherton i dr., 2002). Pored toga,
n-3 PUFA smanjuju sadrzaj triacilglicerola, kao 1 li-
poproteina niske gustine u serumu ljudi i inhibira-
ju agregaciju trombocita, sprecavanju oste¢enja krv-
nih sudova i veoma su vazne u prenatalnom razvoju
nervnog sistema (A4/len i Harris, 2001). Dokazana je
njihova uloga u poboljSanju sposobnosti za ucenje
(Suzuki i dr., 1998). Takode, PUFA kako serije n-6,
a posebno n-3 ucestvuju u prevenciji bolesti nervnog
sistema i imaju vaznu ulogu u ontogenezi (4Arts i dr.,

Napomena: Prezentovani rezultati proistekli su iz rada na realizaciji Projekta ev. br. TR31011 koji, u okviru
Programa istrazivanja u oblasti tehnoloskog razvoja, finansira Ministarstvo prosvete i nauke Republike Srbije.
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2Institut za higijenu i tehnologiju mesa, Ka¢anskog 13, 11000 Beograd, Republika Srbija;
3Univerzitet u Novom Sadu, Poljoprivredni fakultet, Trg Dositeja Obradoviéa 8, 21000 Novi Sad, Republika Srbija.
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2001). Poznato je i da ljudski organizam ne moze
sintetisati masne kiseline dugog lanca (n-3 PUFA)
i da se one moraju uneti hranom (Alasalvar i dr.,
2002). Posto se n-3 PUFA, kao §to su a-linoleinska
kiselina (18:3 n-3, ALA), eikozapentaenska (20:5
n-3, EPA) i dokozaheksaenska (22:6 n-3, DHA), efi-
kasno sintetiSu samo kod akvati¢nih organizama,
ljudi mogu uneti u organizam ove esencijalne masne
kiseline konzumiranjem morskih i slatkovodnih riba
(Sushchik i dr., 2007).

Hemijski sastav, vrsta i koli¢ina masnih kise-
lina u mesu riba veoma varira u zavisnosti od na-
&ina ishrane (Cirkovié i dr., 2011; Ljubojevié i dr.,
2013Db), veliCine i starosti ribe, reproduktivnog sta-
tusa, geografskog polozaja, godiSnjeg doba (Celik i
dr., 2005; Guler i dr., 2008; Buchtova i dr., 2010).
Hemijski sastav mesa riba iz otvorenih voda je pod
velikim uticajem uslova zivotne sredine, koji odre-
duju dostupnost hranjivih materija (Izquierdo i dr.,
2003), dok se kod riba iz uzgoja, koje se hrane indu-
strijski proizvedenom hranom, nutritivne materije,
obezbeduju iz te hrane (Periago i dr., 2005). Medu-
tim, sadrzaj proteina u mesu je pod manjim uticajem
ishrane, poSto on najvise zavisi od egzogenih fak-
tora, kao Sto su vrsta ribe, starost i veli¢ina (Shea-
rer, 1994).

Upotreba ribe u ishrani ljudi danas je u pora-
stu, §to je u skladu sa preporukama koje ukazuju
na to da je ova vrsta mesa bitna komponenta zdra-
ve ishrane. Za potroSace je znaCajno poznavanje sa-
drzaja holesterola u mesu riba. Postoje studije koje
ukazuju na povezanost holesterola unetog hranom,
holesterola u krvnoj plazmi i ateroskleroze (Orban
i dr.,2006). Osim povecanog unosa holesterola hra-
nom, na nivo holesterola u krvi uticu i drugi faktori,
kao §to su prekomeran unos energije, pove¢an unos
pojedinih zasi¢enih masnih kiselina (SFA, saturated
fatty acids) i trans-izomera nekih nezasi¢enih ma-
snih kiselina (USFA, unsaturated fatty acids), (Kris-
Etherton i dr., 2002). Prema podacima iz literature,
sadrzaj holesterola u miSi¢nom tkivu Sarana znacaj-
no varira, u zavisnosti od vrste ribe, starosti, sistema
gajenja i godisnjeg doba (Bieniarz i dr., 2001; Cir-
kovi¢ i dr., 2011). Neki autori (Kopicova i Vavreino-
va, 2007; Piironen i dr., 2002) su proucavali sadrzaj
holesterola u mesu $arana i drugih vrsta riba i usta-
novili su isti ili neSto veci nivo holesterola kod ve-
¢ine ispitanih riba u poredenju sa govedim i svinj-
skim mesom.

Rasireno je verovanje potrosaca da je kvalitet
mesa riba iz slobodnog izlova bolji od mesa gajenih
riba (Mairesse i dr., 2005). Ukoliko se sagleda bez-
bednost potroSaca, treba imati u vidu da je, prema
dosadasnjim istrazivanjima, sadrzaj kontaminena-
ta u mesu riba iz ribnjaka daleko ispod maksimalno

dozvoljenih granica (Pinovi¢ i dr., 2010), Sto nije
bio slucaj sa ribom izlovljenom iz Dunava u okolini
Beograda (Trbovié i dr., 2011; Dordevic i dr., 2013).

U ovom radu je izvrSeno ispitivanje, a zatim po-
redenje hemijskog sastava, ukljucujuéi sadrzaj hole-
sterola 1 masnih kiselina, mesa Sarana iz slobodnog
izlova, Sarana gajenog u poluintenzivnom sistemu na
najvec¢em ribnjaku u Republici Srbiji (RG ,,Ecka‘) i
Sarana gajenog u kaveznom sistemu u Vrbasu, a u ci-
lju boljeg poznavanja nutritivnog kvaliteta mesa Sa-
rana iz slobodnog izlova i Sarana iz akvakulture.
Dobijeni rezultati mogu biti od koristi prilikom for-
mulisanja kompletnih smesa za ishranu Sarana, kako
bi se postigao $to pozeljniji kvalitet mesa.

Materijal i metode

Uzorci Sarana, priblizne mase oko 2100 g, uzeti
su u jesenjem periodu iz slobodnog izlova (Dunav),
sa ribnjaka RG ,,E¢ka®, gde se riba proizvodi u polu-
intenzivnom sistemu uz dodavanje gotovih smesa, i
iz kaveznog sistema u blizini Vrbasa. Po Sest uzora-
ka ribe je uzeto za svaku grupu i, u ru¢nim frizideri-
ma, otpremljeno u laboratoriju Instituta za higijenu
i tehnologiju mesa, iz Beograda. Priprema uzoraka
za ispitivanje je izvrSena tako $to je riba odmrznuta,
skinuta je koza, odstranjeni su glava i rep i obavlje-
na je evisceracija. Za analize su koris¢eni fileti dobi-
jeni od dorzalnih misiénih partija.

Analiza osnovnog hemijskog sastava ribe i
holesterola

Ispitivanje osnovnog hemijskog sastava mesa
ribe je izvrSeno prema metodama koje su, u svom
radu, naveli Trbovi¢ i dr. (2009). Sadrzaj proteina
(N x 6,25) odreden je na aparatu Kjeltec Auto 1030
Analyzer (Tecator, Sweden), metodom po Kjelda-
hlu; sadrzaj vode — suSenjem do konstantne mase;
sadrzaj ukupne masti — upotrebom aparature po
Soxletu, a sadrzaj pepela Zarenjem na temperaturi
od 550°C.

Sadrzaj holesterola odreden je metodom viso-
ko efikasne te¢ne hromatografije, na aparatu HPLC
Waters-2965 Separation modul, sa PDA detektorom
(Waters 2996 Photodiodearray detector) prema me-
todi Maraschiello i dr. (1996).

Odredivanje sastava masnih kiselina

Ispitivanje masnokiselinskog sastava je izvr-
Seno kapilarnom gasnom hromatografijom, prema
metodi koju su opisali Spiri¢ i dr. (2010). Nakon
ASE ekstrakcije ukupnih masti smeSom n-heksana
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1 2-propanola i transesterifikacije sa trimetilsulfoni-
jum hidroksidom, masne kiseline su odredene kao
metilestri masnih kiselina, tehnikom kapilarne gasne
hromatografije na apartu GC Shimadazu 2010 (Kyo-
to, Japan).

Statisticka obrada podataka

Dobijeni rezultati su obradeni u programskom
paketu Statistica 10.0. Rezultati su prikazani kao ari-
tmeticka sredina + standardna devijacija. Koris¢ena
je analiza varijanse (ANOVA) na nivou znacajnosti
p = 0,05, a kao post-hoc test je upotrebljen Tukey
HSD test.

Rezultati i diskusija

Rezultati ispitivanja hemijskog sastava i sa-
drzaja holesterola u filetima $arana iz sve tri grupe
uzoraka su prikazani u tabeli 1. Sadrzaj vode i sa-
drzaj masti se statisticki znacajno razlikovao izme-
du ispitanih grupa (p < 0,05). Sadrzaj proteina je bio
najveci kod Sarana iz poluintenzivnog sistema gaje-
nja (Ecka), ali nije bilo statisticki znacCajne razlike
izmedu grupa (p > 0,05). Periago i dr. (2005), ta-
kode, nisu zapazili znacajne razlike kada je u pita-
nju sadrzaj proteina kod lubina iz slobodnog izlo-
va i iz akvakulture. Hemijski parametari za meso
Sarana iz Dunava bili su pribliznih vrednosti kao i
za meso Sarana iz otvorenih voda (Ljubojevic i dr.
2013a), osim §to je prosecan sadrzaj masti bio nesto
nizi u ovom istrazivanju (6,95%), u odnosu na pret-
hodno (7,15%). Hemijski sastav mesa Sarana koji je
uzorkovan u E¢koj odgovarao je hemijskom sastavu
mesa Sarana koji je gajen u poluintenzivnim uslovi-
ma sa koris¢enjem kompletnih smesa za ishranu Sa-
rana, osim §to je u ovom ispitivanju dokazan nesto
nizi sadrzaja holesterola, u odnosu na rezultate koje
su ranije objavili Ljubojevic¢ i dr. (2013b). U istra-
zivanju Yeganeh i dr. (2012) utvrdeno je da je sa-
drzaj proteina bio visi kod riba iz prirodnih stanista
u poredenju sa jedinkama gajenim u poluintenziv-
nom sistemu (oko 17,7% naspram 16,2%). Rezulta-
ti iz pomenute studije nisu u saglasnosti sa rezultati-
ma dobijenim u okviru ovog eksperimenta. Naime,
sadrzaj proteina se nije statisticki znacajno razliko-
vao medu grupama ispitanih riba. Takode, u mesu
Sarana iz poluintenzivnog sistema proizvodnje (RG
»Ecka®) sadrzaj proteina je bio najveéi (17,3%),
dok je u mesu Sarana iz Dunava bio neSto manji
(16,57%), a najnizi je bio u filetima Sarana iz kave-
znog sistema (16,23%). Na osnovu nama dostupne
literature, moze se rec¢i da do sada nisu objavljeni
rezultati ispitivanja hemijskog sastava konzumnog

Sarana, gajenog u kaveznom sistemu. Sadrzaj masti
u mesu ribe zavisi od ishrane, godisnjeg doba, ge-
ografskog podrucja, starosti i polne zrelosti (Buch-
tova i dr., 2007; Guler i dr., 2008; Cirkovi¢ i dr.,
2012; Ljubojevié i dr., 2013b). Meso ribe iz slobod-
nog izlova, uglavnom, ima visok sadrzaj vode i ni-
zak sadrzaj masti, dok je za ribu iz uzgoja karak-
teristiCan nizak sadrzaj vode i visok sadrzaj masti
(Makalesi, 2012). U radu Yeganeh i dr. (2012), sadr-
zaj masti u filetima ribe se nije znacajno razlikovao
izmedu Sarana iz prirode i Sarana iz poluintenzivnog
sistema gajenja (p > 0,05). Periago i dr. (2005) su,
takode, ustanovili sli¢an sadrzaj masti kod lubina iz
izlova i lubina iz akvakulture. Sa druge strane, u naj-
veéem broju istrazivanja, sadrzaj masti u mesu riba
iz akvakulture je vec¢i u odnosu na ribu iz slobodnog
izlova (Alasalvar i dr., 2002; Olsson i dr., 2003; Pe-
riago i dr., 2005; Mnari i dr., 2007). U ovom istra-
zivanju, sadrzaj masti u filetima Sarana iz ribnja-
ka Ecka znacajno manji je bio u odnosu na sadrzaj
masti u filetima Sarana iz Dunava (3,41% naspram
6,95%). Najveci sadrzaj masti je dobijen kod Sara-
na iz kaveznog sistema gajenja, a ovaj sistem ujedno
predstavlja i najintenzivniji sistem proizvodnje ribe
u Srbiji. Uobicajeno je da gajena riba dobija velike
koli¢ine masti putem hrane (u sluc¢aju pojedinih vr-
sta 120%). Pored toga, u kavezima, riba ima ograni-
¢en prostor za fizicke aktivnosti, kao $to je plivanje,
te je potrosnja energije manja u odnosu na ribu koja
zivi slobodno, ili koja se gaji u poluintenzivnom si-
stemu proizvodnje, posebno na velikim povrSinama,
kao sto je slucaj na ribnjaku Ecka, a hrana je mnogo
dostupnija nego u prirodnim uslovima. Stoga, viSak
energije moze biti deponovan kao mast u misi¢nom
tkivu, ili oko i u unutra$njim organima.

Sadrzaj holesterola je bio znacajno vi$i u uzor-
cima fileta riba iz Dunava i iz ribnjaka Ecka, u od-
nosu na filete Sarana iz kaveznog sistema, bez obzi-
ra na znac¢ajno visi sadrzaj masti u poslednjoj grupi.
Cirkovi¢ i dr. (2012) su ustanovili znadajne razli-
ke u sadrzaja holesterola kod Sest vrsta slatkovod-
nih riba 1 utvrdili su da se on kretao u opsegu od
34,34 mg/100 g, kod soma do 62,32 mg/100 g kod
belog tolstolobika, dok je kod Sarana prosecna vred-
nost iznosila 55,81 mg/100 g. Istrazivanje koje su
sproveli Moreira i dr. (2001) vazano za sadrzaj uku-
pnog holesterola kod vise slatkovodnih vrsta riba
pokazalo je da se njegove vrednosti krecu od 40,99
do 52,79 mg/100 g. Preporuke vezane za dnevni
unos holesterola hranom su da on ne prelazi 300 mg
(James i Ralph, 2000). Stoga se moze re¢i da meso
Sarana iz sve tri ispitane grupe u ovom istrazivanju
predstavlja pogodnu namirnicu, kada se uzme u ob-
zir sadrzaj ukupnog holesterola i kada se isti prera-
cuna na porciju ribe.
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Tabela 1. Hemijski sastav i sadrzaj holesterola u filetima konzumnog Sarana iz Dunava, sa ribnjaka RG
»ECka 1 iz kaveznog sistema ,,Vrbas® (aritmeticka sredina + standardna devijacija), n =6

Table 1. Chemical composition and cholesterol content in fillets of marketable size common carp from the
Danube river, from the fish farm ,,E¢ka* and from the cage system ,,Vrbas*
(mean value = standard deviation), n =6

Parametri/Parameters Dunav/Danube Ecka/Ec¢ka Vrbas/Vrbas
Sadrzaj vlage%/Moisture content % 73,58 £ 1,21 78,31 £ 1,092 70,32 + 1,00¢
SadrZaj proteina %/Protein content % 16,57 £ 0,56 17,30 £ 0,39 16,23 £ 0,54
Sadrzaj masti %/Fat content % 6,95 + 0,89 3,41 +1,37¢ 9,79 £ 0,82
Sadrzaj pepela %/Ash content % 0,87 +0,05 1,04 +£ 0,02 0,88 £ 0,01
SadrzZaj holesterola mg/100g/ 45,49 + 7,00 49,64 + 5,89 26,53 = 5.56°

Cholesterol content mg/100g

Legenda/Legend: Vrednosti u istoj koloni oznaene razli¢itim oznakama u superskriptu znacajno se razlikuju (p<0,05)/ Values in the
same row followed by different letters in superscript are statistically significantly different (p<0.05), (JFCA,TM)

U tabeli 2 prikazan je sadrzaj pojedina¢nih ma-
snih kiselina (kao procentualni udeo u odnosu na
sve prisutne masne kiseline), ukupan sadrzaj SFA,
MUFA, PUFA, serije n-3 i n-6 masnih kiselina, kao
1 2n-3/ Zn-6, zatim PUFA/SFA i UFSA/SFA (UFSA,
unsaturated fatty acids) odnosi masnih kiselina. Na
osnovu prikazanih rezultata moze se konstatovati da
je palmitinska kiselina bila najzastupljenija SFA u
sve tri grupe uzoraka i da je postojala statisticki zna-
cajna razlika (P < 0,05) izmedu grupa. Najveci sadr-
zaj palmitinske kiseline je odreden u filetima Sara-
na iz Dunava, $to se odrazilo i na ukupan zbir SFA,
koji je bio najveci u ovoj grupi. Kod Sarana iz kave-
znog sistema nije detektovana pentadekanska kise-
lina, dok kod Sarana iz Ecke nije utvrdeno prisustvo
arahidske kiseline.

Kada su u pitanju MUFA, njihov ukupan sa-
drzaj je bio najveéi u uzorcima mesa Sarana iz Du-
nava, a najmanji u uzorcima mesa Sarana iz kave-
znog sitema gajenja, iako je sadrzaj najdominantnije
MUFA, oleinske kiseline, bio priblizno isti u sve tri
grupe. Medutim, vakcenska kiselina nije detektova-
na u uzorcima fileta Sarana iz kaveznog sistema, a
njen sadrzaj je bio znacajno veci u uzorcima ribe iz
Dunava. Takode je i sadrzaj palmitooleinske kise-
line bio znacajno najveéi u uzorcima iz slobodnog
izlova. Ukupan sadrzaj PUFA je bio najveci u fileti-
ma Sarana iz kaveznog sistema gajenja, a najmanji u
uzorcima ribe iz Dunava, najvise zbog visokog sadr-
zaja linolne kiseline, koji je bio dva puta veéi u od-
nosu na meso $arana iz E¢ke, a gotovo 5 puta veéi u
odnosu na meso Sarana iz Dunava. Ovo je doprinelo
i visokom sadrzaju n-6 masnih kiselina u ribi iz ka-
veznog sistema, kao i veoma nepovoljnom odnosu
n-3/n-6 masnih kiselina. Sadrzaj EPA, DPA i DHA
se nije statisticki znacajno razlikovao izmedu Sarana

iz Dunava i Ecke, a bio je znacajno nizi u uzorcima
iz kaveznog sistema. Sa druge strane, odnos PUFA/
SFA, koji predstavlja parametar kvaliteta mesa ribe,
bio je najpovoljniji u uzorcima Sarana iz kaveznog
sistema.

Rezultati koji su dobijeni za masnokiselinski
sastav mesa Sarana uzorkovanog iz Dunava su u sa-
glasnosti sa ranije objavljenim rezultatima Ljuboje-
vi¢ i dr. (2013a) za meso Sarana iz otvorenih voda.
Ukupan sadrzaj SFA je bio sli¢an kao i u radu Cir-
kovic¢a i dr. (2012), kod Sarana gajenog u polikultu-
ri u ekstenzivnom sistemu gajenja. Masnokiselinski
sastav mesa Sarana iz Ecke je, kada su u pitanju uku-
pne SFA, MUFA i PUFA, bio u saglasnosti sa rezul-
tatima Ljubojevic i dr. (2013b), za Sarana koji je ek-
sperimentalno gajen u poluintenzivhom sistemu sa
prihranjivanjem ribe kompletnim smeSama.

U istrazivanju Yeganeh i dr. (2012), masne ki-
seline koje su detektovane kod Sarana iz prirodnih
vodenih ekosistema bile su oleinska (21,9%), pal-
mitinska (14,6%), dokozaheksaenska (8%), palmi-
toleinska (6,5%), stearinska (5,4%), arahidonska
(5%), eikozapentaenska (4,4%) i linolna kiselina
(3,1%), dok je kod Sarana iz poluintenzivnog si-
stema zastupljenost pojedinacnih masnih kiselina
bila nesto drugacija: oleinska (32,1%), palmitinska
(17%), linolna (15,3%), stearinska kiselina (5,3%),
palmitooleinska (5,2%), arahidonska (3,2%), DHA
(2,9%), linoleinska (2,6%) i EPA (2%). U ovom
istrazivanju, za meso Sarana izlovljenog iz Duna-
va i iz poluintenzivnog sistema proizvodnje moze
se reci da je zastupljenost individualnih masnih ki-
selina sli¢na kao i u prethodno navedenom ogle-
du (Yeganeh i dr., 2012), s tim da je sadrzaj DHA
i EPA, ali i arahidonske kiseline, bio znac¢ajno ma-
nji u odnosu na prezentovane rezultate. To moze
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Tabela 2. Sastav masnih kiselina (% od ukupnih masnih kiselina) u filetima konzumnog $arana izlovljenog iz
Dunava, RG ,,Ecka“ i iz kaveznog sistema ,,Vrbas‘ (aritmeticka sredina + standardna devijacija), n =6

Table 2. Fatty acids composition (% of total fatty acids) in the fillets of marketable size of common carp
collected from the Danube river, fish farm ,,E¢ka* and cage system ,,Vrbas*
(mean value + standard deviation), n =6

Fatty acids, % Dunav/Danube Ecka/Ecka Vrbas/Vrbas
C14:0 2,88 £0,112 0,77 £0,1° 0,35 +0,06°
C15:0 0,60 +0,07° 0,24 + 0,042 0,00 £ 0°
C16:0 19,45+ 0,212 18,85+ 0,18 12,52 +0,42¢
C16:1 13,82 £0,152 522+0,21° 1,94 +£0,14¢
C17:0 0,67 + 0,132 0,40 + 0,08° 0,06 £ 0,02¢
C18:0 3,86 £0,17¢ 5,18+0,112 4,19 +0,14>
C18:1cis-9 30,23 £0,19° 32,56 £2,172 33,55 +0,142
C18:1cis-11 7,16 £ 0,162 2,97 +0,17° 0,00 + 0,00°
C18:2, ®-6 8,67 £0,28¢ 19,63 £ 1,58° 38,43 £ 0,612
C18:3,0-6 0,26 £ 0,42 0,20 + 0,06 0,60 = 0,04
C18:3, »-3 2,73 £ 0,07% 2,23 +£0,32° 3,160,172
C20:0 0,13 +0,032 0,00 £ 0,00¢ 0,06 + 0,04
C20:1 1,73 +£0,08° 2,48 £0,172 1,76 £ 0,08
C20:2 1,55 +0,12 0,60 +0,11° 0,63 +0,05°
C20:3, »-6 0,75+ 0,12 0,87 +0,15 0,78 + 0,04
C20:3, »-3 0,36 +0,08° 0,67 + 0,152 0,07 +0,02¢
C20:4 ©-6 2,4240,12 1,17 +0,16° 1,13+0,16°
C20:5, »-3 1,33 + 0,082 1,17+0,312 0,20 + 0,29
C22:5, »-3 0,64 £ 0,052 0,57+ 0,22 0,14 £ 0,05
C22:6, »-3 0,89 + 0,082 1,18 +£0,29? 0,43 £ 0,520
SFA 27,59 +£0,228 25,44 +0,26° 17,18 £0,39¢
MUFA 52,94 + 0,192 43,22 +£2,11° 37,25 +0,17¢
PUFA 19,60 + 0,54¢ 28,38+0,89° 45,46 + 0,832
-6 13,64 £ 0,46¢ 22,48+1,97° 41,56 + 0,632
-3 5,96 £0,16° 5,90+ 1,167 4,00 + 0,88
®-3/m-6 0,44 £ 0,022 0,29 +0,07° 0,10 +0,02¢
®-6/m-3 2,29 +0,08¢ 3,90 + ,46° 10,79 £2,16*
PUFA/SFA 0,71 £ 0,02¢ 1,12 £ 0,03° 2,65+0,12
USFA/SFA 2,63 +£0,03° 2,82 +£0,12° 4,82 +£0,142

Legenda/Legend: Vrednosti u istoj koloni oznacene razli¢itim oznakama u superskriptu znacajno se razlikuju (p < 0,05)/Values in the
same row followed by different letters in superscript are statistically significantly different (p < 0.05), JFCA,TM)

biti posledica geografskog polozaja, posto se istra-
zivanje Yeganeha i dr. (2012) odnosilo na meso
riba iz severnih krajeva, gde su prosec¢ne tempera-
ture vode znacajno nize. Dokazano je da tempera-
tura vode znacajno utiCe na masnokiselinski sastav
mesa Sarana (Guler i dr., 2008), jer pri nizim tem-
peraturama dolazi do povecéanja stepena desatura-
cije 1 beta oksidacije masnih kiselina i, na taj na-
¢in, se udeo nezasi¢enih masnih kiselina povecava
(Cordier i dr., 2002; Tocher i dr., 2004).

Prema rezultatima Makalesi (2012) nivo linolne
kiseline kod gofa iz kaveznog sistema je bio skoro de-
set puta veci u odnosu na istu vrstu ribe iz slobodnog
izlova, $to je potvrdeno i u ovom istrazivanju, kada
je Saran u pitanju. Linolna kiselina je najzastupljenija
PUFA i veoma je zastupljena u uljima biljnog porekla,
kao $to su sojino, suncokretovo, kukuruzno i sezamo-
vo ulje (Chu i Hwang, 2002), koja su, ¢esto, kompo-
nente industrijski proizvedene hrane za ishranu riba.
U slucaju Sarana iz kaveznog sistema u Vrbasu, sojino
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ulje je bilo ukljuceno sa 6% u smesu hrane za ishranu
ribe. PoviSen nivo linolne kiseline, u odnosu na lino-
leinsku kiselinu, dovodi do trosenja rezervi dugolan-
¢anih n-3 masnih kiselina, uklju¢uju¢i DHA, putem
kompeticije za enzime koji su neophodni za desatu-
raciju i elongaciju (Horrocks i Yeo, 1999). Dodavanje
ulja biljnog porekla u hranu za ribe, kao izvora ener-
gije, je uobicajena praksa prilikom proizvodnje hrane
za ribe. Sustinski, sve smese u kojima se nalaze bilj-
na ulja povecéace sadrzaj linolne kiseline u hrani, a sa-
mim tim 1 u mi§i¢nom tkivu riba, u odnosu na smese
koje sadrze riblje ulje, $to je i zabelezeno u tkivu ribe,
a posebno u jetri lososa (Pratoomyota i dr., 2008).
Medutim, sli¢na pojava ne zapaza se uvek u slucaju li-
noleinske kiseline. Naime, povecanje koli¢ina linole-
inske kiseline u hrani nije dovelo do povecéanja sadr-
zaja EPA 1 DHA u mesa ribe u istoj meri kao kod kod
lososa koji je hranjen smesom koja je sadrzala riblje
ulje (Pratoomyota i dr., 2008).

Sadrzaj arahidonske kiseline bio je dva puta
veci u filetima Sarana iz Dunava u odnosu na file-
te Sarana iz druge dve grupe. Ve¢i sadrzaj arahidon-
ske kiseline kod riba iz prirode u odnosu na ribe iz
uzgoja je, takode, zabelezen ranije u radu koji su
objavili Fuentes i dr. (2010). Kod riba u prirodnim
stani$tima je, najverovatnije, veci alimentarni unos
ove masne kiseline u odnosu na ribe iz uzgoja, naj-
viSe zahvaljujuci ingestiji raci¢a i raznih mekusaca.
Ljudski organizam sintetiSe arahidonsku kiselinu iz
esencijalne linolne kiseline, ali sinteza ne zadovolja-
va uvek potrebe organizma, pa se ova masna kiseli-
na mora uneti hranom, a glavni izvori su riba, meso i
jaja, ali i u ovim izvorima je koncentracija arahidon-
ske kiseline relativno niska (Nisha i dr., 2009).

Ukupne n-6 polinezasi¢ene masne kiseline su
znacajno vise zastupljene u mesu riba iz uzgoja, pa
je tako njihov sadrzaj u mesu Sarana iz ribnjaka Ecka
bio 1,6 puta veéi u odnosu na meso Sarana iz Duna-
va, a kod mesa Sarana iz kaveza ¢ak 3 puta veci u
odnosu na Sarana iz Dunava i 1,8 puta veci u odnosu
na meso Sarana iz ECke. Ukupne n-3 masne kiseline
nisu se znacajno razlikovale izmedu fileta Sarana iz
slobodnog izlova i fileta Sarana iz poluintenzivnog
sistema gajenja, dok je njihov sadrzaj bio nesto nizi
kod mesa Sarana iz kaveznog sistema gajenja.

Generalno, masti riba imaju relativno nizak
procenat SFA (<30%), sa izuzetkom nekoliko vrsta
(Guler i dr., 2008), sto odgovara rezultatima prika-
zanim u ovom radu. Prema rezultatima Gulera i dr.
(2008) 1 Yeganeha i dr. (2012), oleinska kiselina je
bila dominantna MUFA kod Sarana, §to je u sagla-
snosti sa rezulatatima prikazanim u ovom radu. Pre-
ma navodima iz literature, oleinska kiselina, tako-
de, ima ulogu u prevenciji kardiovaskularnih bolesti
(Chong i Ng, 1991; Peterson i dr., 1994). Csengeri

i Farkas (1993), Kolakowska i dr. (2000) su dobi-
li sli¢ne razultate za sadrzaj MUFA u mesu $arana.
Visok sadrzaj oleinske, palmitooleinske i arahidon-
ske kiseline je karakteristiCan za masti slatkovodnih
riba (Andrade i dr., 1995). Prema navodima Sargent
i dr. (2002), arahidonska kiselina je prekursor pro-
staglandina i tromboksana, koji ima uticaj na formi-
ranje ugrusaka u krvi i njihovo pri¢vr§¢ivanje za en-
dotelno tkivo tokom procesa zarastanja rana, a, pored
toga ima ulogu i u rastu. Kminkova i dr. (2001) su
ustanovili da je sadrzaj arahidonske kiseline kod $a-
rana 1,3%, a Guler i dr. (2008) i do 5,6%, §to je u sa-
glasnosti sa prikazanim rezulatatima. Kminkovd i dr.
(2001) su utvrdili da je zbir EPA i DHA kod Sarana
u opsegu 2,9-6,9%, §to je neSto vise u odnosu na re-
zultate dobijene u ovom radu. Yeganeh i dr. (2012) su
utvrdili odnos n-3/n-6 koji je bio 1,6 u mesu Sarana
iz slobodnog izlova i 0,4 kod Sarana iz poluintenziv-
nog sistema gajenja, dok u nasim istrazivanjima ovaj
odnos u filetima Sarana iz Dunava iznosi 0,44, u file-
tima $arana iz ribnjaka Ecka 0,29, a u filetima Sarana
iz kaveznog sistema samo 0,1, zbog veoma visokog
sadrzaja n-6 PUFA. Wood i dr. (2008) su dali prepo-
ruku da odnos PUFA/SFA, koji je vazan pokazatelj
kvaliteta masti treba da bude iznad 0,4 i ovaj zahtev
ispunjava meso $arana iz sve tri ispitane grupe.

Odnos USFA/SFA je od velike vaznosti za pro-
cenu kvaliteta masti kod riba. Pretpostavlja se da je
odnos iznad 0,35 povoljan (Kminkova i dr., 2001). U
ovom istrazivanju je odnos USFA/SFA kod Sarana iz
Dunava 2,63, kod Sarana iz poluintenzivnog sistema
2,82, akod Sarana iz kaveznog sistema gajenja 4,82, te
je, 1 sa ove tacke gledista, meso Sarana podesna kom-
ponenta u ishrani ljudi. Preporuc¢eni odnos n-6/n-3
trebao bi da bude manji od 4 (Scollan i dr., 2006), kao
Sto je slucaj sa Saranom iz Dunava i sa ribnjaka Ecka.
S obzirom na nepovoljan odnos n-6/n-3 masnih kise-
lina ima negativan efekat na zdravlje ljudi. Pojedini
autori (Grigorakis i dr., 2002) smatraju da u hrani za
ribe treba smanjiti koli¢inu n-6 masnih kiselina i time
povecati odnos n-3/n-6 najmanje do preporucenih ni-
voa. Imajuéi u vidu da hraniva biljnog porekla sadrze
relativno visok procenat n-6 PUFA, smatra se da one
predstavljaju znacajnu alternativu hranivima animal-
nog porekla, ¢iji su resursi veoma ograniceni.

Zakljucak

Znacaj prikazanih rezultata lezi u Cinjenici da su
rezultati ispitivanja sastava mesa Sarana, kao najzastu-
pljenije riblje vrste u ribnjacima u Srbiji, vredna in-
formacija za ekologe, nutricioniste, proizvodace, kao
i za Siru nau¢nu javnost. Meso Sarana predstavlja va-
Zan izvor nutritivnih materija u ishrani ljudi. Hemijski
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1 masnokiselinski sastav Sarana mesa ispitanih gru-
pa Sarana je varirao, $to je posledica razlicitih na¢ina
ishrane. Ogranic¢ene mogucénosti kretanja Sarana u ka-
veznom sistemu proizvodnje, uticali su na visok sadr-
7aj masti i nepovoljni odnos n-3/n-6 masnih kiselina.
Odnosi PUFA/SFA i USFA/SFA u mesu svih ispita-
nih grupa Sarana su odgovarali preporucenim vredno-
stima. Potencijal za povecanje proizvodnje Sarana kao
visoko vredne namirnice postoji i, zbog toga, postoji i
potreba za pouzdanim analitickim podacima. Buduca
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Chemical composition, cholesterol content and fatty
acid profiles of common carp (Cyprinus carpio) from
free-catch, semi-intensive and cage system

Ljubojevi¢ Dragana, Cirkovi¢ Miroslav, Pordevi¢ Vesna, Trbovi¢ Dejana, Vrani¢ Danijela,
Novakov Nikolina, Masi¢ Zoran

Summ ary: Knowledge of the chemical composition of fish meat is important, as its consumption is increasing based on the
recommendations that fish meat should be an essential component in a healthy diet. The main goal of this investigation was the determi-
nation and the comparison of the results obtained in the analysis of meat of common carp from free catch (the Danube), from the semi-
intensive system of rearing (fish farm “Ecka”) and from the cage system of rearing (cage system “Vrbas”). The results obtained showed
that there was statistically significant difference (P<0.05) in the content of fat (6.95; 3.14 and 9.79% respectively) and water (73.58,
78.31 and 70.32% respectively) in the examined groups of carp. It is important to stress that carp from the fish farm “Ecka” contained
less fat compared to carp caught in the Danube. There was no statistically significant difference regarding the protein content between
tested groups. The amount of cholesterol in fish fillets was significantly higher in the samples of carp from Danube (45.49mg/100g)
and “Ecka”(49.64 mg/100g) in comparison with the carp from cage system of rearing (26.53 mg/100g), despite the significantly higher
content of fat in the last mentioned group. Palmitic acid was the dominant saturated fatty acid (SFA) in all the groups, and there was
statistically significant difference (P<0.05) regarding its content between the examined groups. The highest content was established
in fillets of common carp from the Danube, which reflected on the total sum of SFA (Danube-27.59; Ecka-25.44 and Vrbas-17.18%),
which was the highest in this group. The total amount of monounsaturated fatty acids (MUFA) was the highest in samples from the
Danube (52.94%), and the lowest in carp samples from cage system (37.25%), although the content of predominant MUFA, oleic acid,
was almost the same in all three groups. Total amount of polyunsaturated fatty acids (PUFA) was the highest in samples obtained from
cage system of rearing( 45.46%), and the lowest was measured in samples from the Danube (19.60%), mostly because of high level of
linoleic acid in the samples from cage system which was twice as high in comparison with the carp from “Ecka”, and almost five times
in comparison with the carp from the Danube. The best w-3/ w-6 ratio was obtained for carps from free catch (the Danube), (0.44), and
the worst for carps from cage system “Vrbas” (0.10). This study contributes to a better understanding of the nutritional quality of carp
from free catch (wild carp) and carp from aquaculture (cultured carp), and can help in the formulation of industrial feed mixtures for
carp in order to achieve the optimum production results, a desirable quality of meat, and also the cost effective production.

Key words: common carp, chemical composition, cholesterol, fatty acids, free catch, semi-intensive system, cage system
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Effect of pre-processing of trout by freezing on the
characteristics of smoked trout fillets
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Abstract: In the situation when the capacities of production and further treatment of smoked fish are insufficient, it is neces-
sary to freeze fresh fish during the fishing season and treat it later, when the season is over. That was the reason why the aim of our study
was to explore effects of freezing on certain quality parameters of smoked fish. Experimental design included trout separated into two
groups: the control group of fresh fish and the experimental group of frozen fish. During production process, total bacterial count was
examined, and at the end of the process, chemical composition of the final product (vacuum-packed cold smoked trout) was determined.
During the storage of the product at 4°C up to 21 days, microbiological, physicochemical and sensory analyses were performed at
regular intervals. Overall, the results of the present study demonstrated that pre-processing freezing of trout is suitable and, in periods

of large catches, even recommendable step in smoked trout production, at least for smaller processors.

Key words: cold smoking, storage, quality.

Introduction

Smoked fish is a ready—to—eat product, con-
sumption of which had increased considerably in the
last decade in many European countries (Gallart-
Jornet et al., 2007). In 2009, more than 121 million
tonnes of world fish production was used for direct
human consumption. 57 million tonnes, (46.8%),
of the fish intended for human consumption was in
live and fresh form. 65 million tonnes, (53.2 %), of
the world’s fish production underwent some form
of processing. About 35 million tonnes, (28.6 %)
of the total processed fish was used for manufactur-
ing products for direct human consumption in fro-
zen state, followed by canned fish, about 17.5 mil-
lion tonnes (14.4 %), and smoked fish, about 12.4
million tonnes (10.2 %), (4non, 2009). This was ac-
companied by a significant increase in production of
farmed salmon (Atlantic salmon), (Cardinal et al.,
2001). At the time, nearly 40-50% of the Europe-
an farmed salmon was consumed as a cold-smoked

product (Rora et al., 1999). For example, each year
45,000 tons of farmed salmon are used in France
to produce 18,000 tons of smoked salmon, 15% of
which is exported in Italy, Belgium and Germany
(Cardinal et al., 2004). Production of smoked fish
and especially smoked salmon is one of the most im-
portant sectors in European fishery nowadays. Al-
though smoked salmon was earlier considered as
a “luxury” food item, it is now more a product of
general consumption. In Serbia, within such type of
fish products, smoked trout (Sa/mo gairdneri) and
smoked carp (Cyprinus carpio) are becoming par-
ticularly and increasingly popular, so there is a sig-
nificant market demand for these products.
Production and retailing of cold smoked fish
is a complex multi-step process, including salt-
ing, smoking, packaging in vacuum or modified
atmosphere packaging MAP (Babié¢ et al., 2009;
Milijasevié et al., 2010), and storage-retail under
refrigeration conditions (below 4°C). The shelf-
life of the final product depends on numerous and
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interrelated production parameters such as char-
acteristic of raw material, process hygiene, salting
method, salt level, smoking conditions, packaging in
vacuum or under modified atmosphere, storing con-
ditions, etc. Therefore, it is of great importance to
optimize the individual processing steps involved in
the production (Gallart-Jornet et al., 2007).

Salting of fish is the first step in the smoked
fish production process, which is critical for the shelf
life, good quality and yield of the final product. The
preservative effect of salting is due to lowering of
water activity (ay), (Jittinandana et al., 2002; Leroi
and Joffraud, 2000), and thus reducing growth of
many spoilage microorganisms (Horner, 1997, Ror-
vik, 2000). Dry salting is traditional but still the most
common method of fish salting, whilst wet salting is
rare in practice. In the latter case, e.g. with the At-
lantic salmon fillet, the yield after salting was high-
er when more diluted brines were used, compared
to usage of saturated brine and dry salting (Gallar-
Jornet et al., 2007). Nevertheless, it should be not-
ed that, in modern times, fish products are relative-
ly lightly salted. Both the salt content and the level
of smoking applied vary among and within Europe-
an countries (Cardial et al., 2001; Rora et al., 2004;
Gallart-Jornet et al., 2007).

Smoking is a subsequent step in the smoked
fish production process. The preservative effects of
smoking depend also on other factors, including the
composition and processing of raw material, and rel-
ative humidity (Kolodziejska et al., 2002). Smoke
consists of numerous components including alde-
hydes, ketones, alcoholes, acids, hydrocarbons, es-
ters and phenols (Doe et al., 1998; Shahidi, 1998;
Guillen and Errecalde, 2002; Guillén et al., 2006).
Smoking extends the shelf-life of smoked fish as a
result of the combined effects of dehydration, anti-
microbial and antioxidant activity of some of smoke
constituents (Doe et al. 1998; Horner, 1997, Leroy
and Joffraud, 2000; Rorvik, 2000). Nevertheless,
today, the main reason for smoking is manufactur-
ing of fish products of desirable sensory properties,
so “current” smoked fish products typically contain
higher moisture and lower salt content (so lower ay,)
than traditional, intensively smoked products.

Lightly salted and mildly heated smoked fish
may contain bacteria — both spoilage organisms and
foodborne pathogens — that, either survive the pro-
duction process, or are present on the final product
during the post-processing handling. Due to the fact
that the temperature during the cold smoking never
exceeds 28 °C, it does not have any significant an-
timicrobial effect on pathogens in cold smoked fish
(Gudbjornsdottir et al., 2010). Spoilage of fish, char-
acterised by production of the spoilage odours and

flavours, is due to metabolism of the microorganisms
and the fish tissue autolytic enzymes having a ma-
jor impact on textural deterioration (Hansen et al.,
1996). In addition to salting and smoking effects, the
shelf-life of smoked fish is affected by storage condi-
tions. Differences in packaging— and temperature-re-
lated parameters throughout the storage period result
in different product shelf-lives (Church and Parsons
1995; Cutter, 2002; Buguerio et al., 2003).

Decision taken by a producer regarding choice
of smoked fish technology and related parameters
to be used is influenced by the market demand and
by the need for economical profit, as well. Further-
more, the choice of the process control parameters,
such as duration of salting, concentration of brine
and smoking temperature, is also influenced by spe-
cific characteristics of the final product that need to
be achieved (Cardinal et al., 2004).

Good knowledge and appropriate selection of
raw material is a prerequisite for effective process
controls, good yield and required smoked fish quality
(Beltran and Moral, 1991; Rora et al., 1999; Cardi-
nal et al., 2001; Birkeland et al., 2004). Frozen fish is
frequently used for production of smoked fish prod-
ucts. This is particularly the case during periods when
the fish catch exceeds the processing capacities, a sit-
uation occurring more often with smaller processors.
Therefore, the main objective of this study was to de-
termine the effect of freezing of raw material (fish)
on the quality parameters (sensory, chemical and mi-
crobiological) of smoked trout fillets.

Material and methods

Fresh whole trout (average mass of 1 kg) were
obtained from the fishery BocCac, Banja Luka, Re-
public of Srpska — Bosnia and Herzegovina, and
transported to the fish processing plant in special re-
frigerated vehicles, at 4°C. The fish was subsequent-
ly slaughtered and separated into two groups: fish in
the control group, which remained unfrozen, whilst
those from the experimental group were frozen at —
40°C. Trout from the control group were rinsed in
potable water and subsequently wet salted for 24 h in
brine solution (9% salt) containing rosemary (quan-
tum satis), in a temperature-controlled room (4°C).
After salting, before smoking, fish was drained for
one hour at 20°C in smoking chambers. The smok-
ing was performed in automated smoke chambers
at the temperature of 28°C during the period of 8
hours. The smoke was produced from beech wood
sawdust in a generator separated from the smoking
chamber. Subsequently, fish was cooled (at 2°C, for
10 h), and then sliced (each slice 0.5 cm thickness;
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150 g). During the slicing, both, the skin and the rib
bones were removed. Finally, the smoked trout fil-
lets were vacuum packaged. Trout from the exper-
imental group were frozen in a freezing tunnel (air
temperature — 40°C), placed individually in plas-
tic bags and stored at —20°C. After 20 days, the fish
were thawed by submersion in water (10 °C) for 5
hours and subjected to the processing in the same
manner as described for the control group. The vac-
uum-packed, smoked trout fillets from both, control
and experimental, groups were stored for 21 days at
4°C and sampled for analysis at 0, 7™, 14% and 21*
days of the storage. Smoked trout fillets from both
groups were analysed at 0, 7%, 14" and 21% days of
storage for total viable count.

Microbiological analysis

Sampling of fish skin during processing

Skin of both, control and experimental, fish
groups was sampled after the fish cleaning, evis-
ceration, and cooling. Skin of the experimental fish
was also sampled after thawing. From each group of
samples, at each sampling point, a total of ten fish
were sampled. Skin sample of 25 cm? was excised
from the location behind gills of each fish, kept at
4°C, and analysed for the total viable count (TVC)
of bacteria within 30 min.

Sampling of fish fillets

From each group, at each sampling point, total
of ten vacuum-packages of smoked trout fillets were
sampled 0, 7%, 14% and 21%t days of storage. Each
sample, comprising of 10 g of the product, was kept
at 4°C and analysed for the total viable count (TVC)
of bacteria within 30 min. Smoked trout fillets from
both groups were analysed at 7%, 14t and 21% days
of the storage for total lactobacilli count.

Microbiological methods

Total viable count (TVC) of bacteria was de-
termined according to Roberts et al. (1995). Briefly,
each 10 g sample (skin or fillet) was homogenized
in stomacher bag with 90 ml of MRD (Maximum
Recovery Diluent, Biolife, Italy) for 2 minutes,
and then further decimal dilutions in MRD were
prepared. From appropriate dilutions, volumes
of 0.1 mL were surface plated on PCA agar plates
(Plate Count Agar, Biolife, Italy), the plates were
incubated for 72 h at 30°C, and subsequently logo
CFU/cm? or g of sample was calculated. Lactobacil-
li count was determined according to Cook (1991).
Briefly, samples were homogenized and decimally
diluted in MRD in the same manner as described for

TVC. Volumes of 0.1 mL were surface plated onto
MRS plates (MRS Agar with Tween 80, Biolife, Ita-
ly), and each was subsequently overlaid with 10 ml
of melted and cooled (to 45°C) PCA agar to obtain
microaerophylic conditions for growth of lactoba-
cilli. The inoculated plates were incubated for 72 h
at 30°C and subsequently log CFU/g of sample was
calculated.

Physicochemical and chemical analysis

Chemical composition of samples was ana-
lysed at 0 day of storage according to standard meth-
ods. Moisture content was determined in 5 g of fish
fillet samples by oven-drying at 105 £+ 1°C until a
constant weight was obtained (4non, 1998). Fat con-
tent was determined using Soxhlet method, by ex-
traction of fat by petrol ether from the dried sam-
ple, followed by distillation and drying of sample
extract at 105 + 1°C until constant weight was ob-
tained (Anon, 1992a). Protein content was deter-
mined using Kjeldalh method with apparatus “Teca-
tor” (Anon, 1992b). Ash content was determined by
ashing the sample at 550°C until constant mass was
obtained (4non, 1999a). Total salt content was de-
termined using Volhard method (4non, 1999b). Salt
content in water phase (SWP) was calculated from
the corresponding total salt and water contents, us-
ing the equation:

SWP= % salt * 100 / % salt + % water

Water activity (a, value) was calculated from
the corresponding SWP value, using the equation
(Gimenéz and Dalgaard, 2004):

aw=1-0.0052471 x SWP-0.00012206 x SWP?

Ethanol content was determined in smoked
trout samples (at 0, 7%, 14" and 21% days of stor-
age) according to Beutler (1988), using standard en-
zyme kits based on alcohol dehydrogenase (Mega-
zyme Inter. Ireland Lim).

Sensory analysis

Smoked trout fillets were subjected to the sen-
sory analysis (at 0, 7%, 14" and 21% days of stor-
age) by a panel of 14 trained evaluators. Selection of
evaluators was performed according to ISO standard
(Anon, 2002). Sensory evaluation was performed by
quantitative descriptive analysis (4non, 2001). The
questionnaire included evaluation of 5 quality pa-
rameters. Each property was evaluated using a rat-
ing scale from 1 to 5. Marks 1 to 5 indicated lev-
el of property expression (sensation of smell and
taste to smoke, salinity, and tenderness) as well as
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acceptability of property (colour acceptability, total
acceptability). The lowest expressed property, or the
least acceptable property, was evaluated by 1 on a
scale from 1 to 5, and the highest expressed proper-
ty, or the most acceptable property, was evaluated by
5 on ascale from 1 to 5.

Statistical analysis

For each sample and each parameter tested, at
least 6 separate values were obtained. The results
were statistically analysed (mean value, standard de-
viation, standard error, coefficient of variation and
confidence interval for a variance), and statistical
significance calculated (#-test and analysis of var-
iance at 0.01 and 0.05) using Graphpad Prism 4.0
statistical package.

Results and discussion

Total viable count of bacteria on fish skin

It is known that TVC on the fish skin just af-
ter the catch is highly variable, between 102 and 107
(i.e. 2 and 3 log;y) CFU/cm? (Liston, 1980). In the
present study, the initial TVC (i.e. after slaughtering)
on the skin was 3-4 log;y) CFU/cm?. Subsequently,

TVC on the skin of the control fish group varied
during manufacturing process from 3.53+0.98 logy
CFU/em? to 1.64 + 0.24 log;o CFU/cm? (Figure 1.),
and in the final product it was significantly low-
er (p < 0.01) than after slaughtering and eviscera-
tion. Similarly, TVC on the skin of the experimental
group of fish varied from 3.79 + 0.57 log;y CFU/cm?
to 1.07 £ 0.40 log,) CFU/cm? and was significant-
ly lower (p < 0.01) in the final product as compared
with initial stages of the processing. It could be pre-
sumed that a part of the TVC reductions were due to
the removal of bacteria from the skin by washing,
normally applied after evisceration. Importance of
washing of fish after the first stage of fish processing
was stressed by Kolodziejska et al. (2002), who ob-
served significant TVC reduction after the washing.

During the later stages of the manufacturing
process (i.e. after salting, smoking and cooling),
TVC on the trout skin of the experimental group was
significantly lower compared to TVC on the trout
skin of the control group. After the draining stage
there was no statistical sign determined (p > 0.05). It
is well known that low temperatures inhibit activity
of microorganisms and enzymes, but also reduce the
count of microorganisms. Decrease of TVC on the
trout skin of both the control and experimental group
during manufacturing process was predominantly
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Figure 1. TVC on the skin of trout during manufacturing process (log CFU/cm?)
Note: Manufacturing phases — TVC on the fish skin 1— after slaughtering (control group only); 2 —after evisceration; 2*— after thawing;
3 — after salting; 4 — after draining; 5 — after smoking; 6 — after cooling

Slika 1. Ukupan broj bakterija na kozi pastrmke u toku procesa proizvodnje
Napomena: faze u toku procesa proizvodnje — ukupan broj bakterija na povrsini ribe 1 — posle klanja (samo kontrolna grupa);
2 — posle eviseracije; 2* — posle defrostracije; 3 — posle soljenja; 4 — posle cedenja; 5 — posle dimljenja; 6 — posle hladenja.
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due to the salt effect, both directly (its “toxicity™),
(Goulas and Kontominas, 2005), and indirectly
through decreasing of the water activity in fish meat
(aw value), which caused lowering of water content
available to microorganisms. Initial decrease of a
value progressively inhibits bacterial growth, while
further leading to growth cessation, however never
to death of bacteria. Sodium chloride is dissolving in
water and increases osmotic pressure. lons also tend
to bind with protein molecules. When there are no
such bonds enzymes of microorganisms can effec-
tively express their proteolytic activity. Previous re-
ports indicated that, amongst processing-related fac-
tors, fish salting caused the largest decrease of TVC
on fish skin (Kolodziejska et al., 2002). However,
not all of the bacteria are equally affected by salt-
ing. Although TVC on the fish is lower after salting,
some species can continue to grow even at higher
salt concentrations (Skjervold et al., 2001). The re-
sults of the present study indicate that TVC on the
skin of control group after salting (2.64 + 0.14 log;
CFU/cm?) was lower compared to TVC on the skin
of experimental the group (2.99 + 0.25 log;y CFU/
cm?) after salting. This phenomenon is likely to be
due to pre-processing freezing of the experimen-
tal group, which probably enhanced the salt pene-
tration into the fish tissues. Previous studies (Car-
dinal et al., 2001; Deng, 1977) demonstrated that
salt penetrates better into fish previously frozen, and
this is due to freezing-alterations of the tissue cell
structure (Sigurgisladottir et al., 2000). After smok-
ing, further decrease of the bacterial counts was ob-
served (Figure 1), probably due to antimicrobial ef-
fects of the smoke. This explanation is supported
by published data (Kolodziejska et al., 2002) indi-
cating that smoking significantly reduces TVC on
fish skin. In this study, TVC after smoking stage was
2.12 £0.52 log;9 CFU/cm? (control) and 0.98 = 0.23
logio CFU/cm? (experimental). Comparably slightly
higher TVCs (up to 3 log;y CFU/cm?) on fish skin

after smoking were reported in other studies (Hans-
en et al., 1995, Hansen et al., 1996; Hansen et al.,
1998; Leroi et al., 1998; Dondero et al., 2004). On
the other hand, it should be noted that post-smoking
TVC in the experimental group was lower than post-
smoking TVC in the control group (Fig. 1). This is
likely to be the consequence of pre-processing freez-
ing of the fish from the experimental group, which
altered the tissue cell structure (Sigurgisladottir et
al., 2000) enabling better penetration of the antimi-
crobial smoke components.

Chemical composition of the processed and

finished smoked trout fillets

Salt content in the experimental fillets was sig-
nificantly higher than in the control fillets (Table 1).
Similar differences in the salt content between salted
fish that was fresh or frozen before salting were re-
ported previously (Sigurgisladottir et al. 2000, Car-
dinal et al. 2001). These observations were probably
due to better salt penetration into freezing-altered
fish tissues. Similarly, SWP of the vacuum pack-
aged fillets from the control group (4.58 + 1.42%)
was significantly lower (p < 0.01) then the SWP of
the vacuum packaged fillets from the experimental
group (5.93 £ 0.61%). Hansen et al. (1995) showed
that increased SWP increases the shelf-life of vac-
uum packaged fish products. Calculated a, value
in control fillets was 0.98, whilst 0.97 in the exper-
imental fillets. a,, values in both groups, being not
lower than 0.97, were insufficient to inhibit growth
of microorganisms (Kolodziejska et al. 2002).

General microflora of the smoked trout fillets

Shelf-life of vacuum packaged smoked prod-
ucts depends on a number of factors, includ-
ing initial contamination, manufacturing condi-
tions, antimicrobial factors acting in the product,

Table 1. Chemical composition of the control and the experimental smoked trout fille

Tabela 1. Hemijski sastav kontrolnih i eksperimentalnih uzoraka fileta dimljene pastrmke

content of (%)/sadrzaj (%)

value of/vrednost

proteins/ lipids/ moisture/ ash/ a, value,
group/grupa belancevine lipidi salt/so vlaga pepeo SWP a, vrednost
control/kontrolna  21.08¥+1.03  2.082+ 0.46 325+ 1.01 71.002+2.43 4.38+0.92 436+ 1.29 0.98
experimental/ 19.00v+1.01  1.98"+0.65 427"+035 7224b+£193 523v+£036  5.59v+0.54 0.97
ekspeimentalna

Note: Students’ #-test — Means with different letter superscripts in the column are significantly different (a, b—p < 0.05; x, y —p <0.01)/
Napomena: Studentov #-test — srednje vrednosti u koloni, koje su oznacene razli¢itim slovima u eksperimentu, su signifikantno razli¢i-

te(a,b—p<0,05x,y—p<0,01)
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post-manufacturing handling and storage conditions
(Hansen et al., 1995; Hansen et al., 1996; Leroi et
al., 1998; Kolodziejska et al., 2002; Dondero et al.,
2004).

Total viable count of bacteria in both the con-
trol and the experimental group, TVC in vacuum
packaged trout fillets stored at 4 °C increased be-
tween 0 and 14" day, but subsequently significant-
ly decreased to the end of the 3-week storage (Fig.
2). At the very beginning (“0” sampling time) of the
storage, TVC in the experimental fillets was lower
than in the control fillets, but later (at 14" and 21+
days) TVC differences between the control and the
experimental fillets were statistically not signifi-
cant. Final TVCs (day 21) were approx. 2-2.5 log
CFU/g in both groups, which could be considered
as relatively low. Namely, numerous published data
indicate that TVCs in vacuum packaged fish prod-
ucts often reach 107-10% CFU/g, e.g. Dondero et al.
(2004) reported TVC as high as 10° CFU/g in vacu-
um packaged trout fillets after 3 weeks of storage at
4°C. Such a large difference in TVCs between dif-
ferent studies is probably caused by large differ-
ences in study conditions. It should be noted that in
most EU countries related legislation does not lim-
it TVC in vacuum packaged smoked fish products,

although French legislation states 10° log;o CFU/g as
maximum permissible TVC in such products (Car-
dinal et al., 2004). The observed changes of TVC in
smoked fillets during storage were probably due to
a number of interrelated factors, including microbial
competition for nutrients and antagonism amongst
the microflora that exists within any specific ecolog-
ical niche (Gram, 1993). Nevertheless, no chang-
es in TVC in vacuum packaged smoked trout were
observed during 3-week storage in an earlier study
(Kolodziejska et al., 2002), but the storage tempera-
ture (2°C) was lower than in the present study (4°C).
On the other hand, Hansen et al. (1995) has reported
comparably much higher TVC (10® CFU/g) in vac-
uum packaged smoked fish products stored for 21
day, but at somewhat higher temperature (5°C) than
in the present study. It should be noted that a number
of published studies indicated that high TVC did not
necessarily lead to spoilage of the product. For the
vacuum packaged smoked fish products spoilage,
much more relevant is the composition of the micro-
flora and the activity of the specific spoilage micro-
organisms than TVC (Hansen et al., 1995; Hansen
et al.,, 1996; Hansen et al., 1998; Leroi et al., 1998;
Lyhs et al., 1999; Gonzdles-Rodrigez et al., 2002;
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Figure 1. TVC on the skin of trout during manufacturing process (log CFU/cm?)
Note: Manufacturing phases — TVC on the fish skin 1- after slaughtering (control group only); 2 —after evisceration; 2*— after thawing;
3 — after salting; 4 — after draining; 5 — after smoking; 6 — after cooling

Slika 1. Ukupan broj bakterija na kozi pastrmke u toku procesa proizvodnje
Napomena: faze u toku procesa proizvodnje — ukupan broj bakterija na povrsini ribe 1 — posle klanja (samo kontrolna grupa);
2 — posle eviseracije; 2* — posle defrostracije; 3 — posle soljenja; 4 — posle cedenja; 5 — posle dimljenja; 6 — posle hladenja.
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Figure 2. TVC in vacuum packaged smoked trout fillets during storage at 4°C

Slika 2. Ukupan broj bakterija u vakuum pakovanim dimljenim filetima pastrmke u toku skladiStenja na 4°C

Cardinal et al., 2004; Dondero et al., 2004; Espe et
al., 2004).

Lactobacilli count

Smoked trout fillets from both groups were an-
alysed for total lactobacilli count at 7%, 14" and 21*
days of the storage. The results indicated that lac-
tobacilli (LAB) counts in both control and experi-
mental vacuum packaged smoked trout fillets signif-
icantly increased between 7% and 14™ day of storage
at the 4° C, and then decreased (Figure 3). LAB
counts in the control fillets were significantly higher
(p <0.01) than in the experimental fillets, at both 7"
and 14" day, but LAB difference between the con-
trol and experimental fillets on 215t day was not sig-
nificant (approx. between 2.5 and 3 /log;) CFU/g). In
other studies, numerous authors investigated LAB
count in vacuum packaged cold-smoked products,
and LAB counts varied between 103-10% CFU/g dur-
ing 21 day of storage at 4°C (Hansen et al., 1998;
Leroi et al., 1998; Dondero et al., 2004). Lactobacil-
lus species are considered as the most prominent and
the most important microorganisms for shelf-life of
cold-smoked vacuum packaged fish products. Lac-
tobacilli can inhibit growth of other bacteria by pro-
ducing lactic acid and associated pH decrease and/or
producing bacteriocins and/or competing for nutrient
compounds, so their presence in vacuum packaged

products can extend the shelf-life (Gram and Dal-
gaard, 2002). Among lactobacilli, dominant species
in vacuum packaged smoked fish products are L.
sakei, L. curvatus, L. homohiochii, L. plantarum, L.
delbrueckii, L. casei, L. coryneformis, L. alimentari-
us (Gonzales-Rodrigez et al., 2002). In addition, the
second group of microorganisms most frequently
isolated from vacuum packaged smoked fish prod-
ucts belong to Enterobacteriaceae: Proteus mirabi-
lis, Proteus vulgaris and Serratia liquefaciens. The
third group of microorganism that can be found in
vacuum packaged smoked fish products belong to
micrococci, with coagulase-negative staphylococ-
ci being predominant. Frangos et al. (2010) have
observed that Lactobacilli and Enterobacteriaceae
were also found to be a significant part of the mi-
crobial flora of trout fillets, irrespective of packag-
ing and antimicrobial treatment. Leroi et al. (1998)
have demonstrated that Gram-negative microflora
is dominant during the first two weeks of vacuum
packaged smoked fish storage, but it is subsequent-
ly replaced by Gram-positive microorganisms, pre-
dominantly lactobacilli. Overall, the results of this
study indicated that hygienically obtained frozen
fish is suitable raw material for production of mi-
crobiologically high quality smoked trout product.
In this study, in the product that was frozen before
manufacturing, both TVC and LAB counts during
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Figure 3. Lactobacilli (LAB) count in vacuum packaged trout fillets during storage at 4°C

Slika 3. Broj laktobacila (LAB) u vakuum pakovanim filetima pastrmke u toku skladistenja na 4°C

21-day chilled storage were lower than in the prod-
uct produced from fresh fish.

Lactobacilli count versus ethanol content in the
smoked trout fillets

Ethanol is a product of bacterial metabolism
during anaerobic fermentation (glycolysis) and/or
as a product of dezamination and decarboxylation
of amino acids such as alanine (Huss, 1995). This
suggests that ethanol could be used as an indicator
of microbiological status of foodstuffs, as well as
of their shelf-life. In the present study, the changes
in ethanol content (Table 2) reflected the changes

in LAB counts (Fig. 3) at corresponding times of
the storage at 4°C, in both the control and the ex-
perimental smoked fished fillets. This could indi-
cate that ethanol content may be a useful indicator
of the dynamics of LAB microflora in the product
under given conditions. The association between
ethanol content and LAB counts in vacuum pack-
aged cold-smoked fish products was also reported
by Hansen et al. (1995). However, Gonzales-Ro-
drigez et al. (2002) claim that no correlation ex-
ists between ethanol and LAB counts, on one
hand, and sensory assessment of the product, on
the other.

Table 2. Ethanol content (mg/kg; mean values) in vacuum packaged smoked trout fillets stored at 4°C for 3
weeks

Tabela 2. Sadrzaj etanola (mg/kg; srednje vrednosti) u vakuum pakovanim filetima ribe pastrmke
skladistenih na 4°C u toku tri nedelje

Day of storage/dani skladiStenja

group/grupa

0 7 14 21
control/kontrolna 391 4.84 6.32 4.74
experimental/eksperimentalna 4.5 5.61 7.65 5.6

64



Tehnologija mesa 54 (2013) 1, 5768

Table 3. Evaluation scores of selected sensory properties of smoked trout

Tabela 3. Rezultati evaluacije odabranih organoleptickih osobina dimljene pastrmke

Tenderness/

Sensation of smell and taste to

Total acceptability/Ukupna

Colour/Boja Neinost, Mekoca smoke/Osecaj mirisq i ukusa Salinity/Slanost prikvatljivost
na dim
Experimental Experimental Experimental Experimental Experimental
sto‘rIZy Z/{;j; i Control group/ group/ Control group/ group/ Control group/ group/ Control group/ group/ Co:;::i(g;';::p / group/
P klm§§ten i kontrolna grupa eksperimentalna kontrolna grupa eksperimentalna kontrolna grupa eksperimentalna kontrolna grupa eksperimentalna rupa eksperimentalna
Y grupa grupa grupa grupa srp grupa
0 436°+040 4042029  423*+042  4.61°£049 4.49+0.47 443 £0.35 4000029  4.86'+0.38 4.57+048 427+040
1 423025  446'+0.11 439+0.42 4.61+0.35 4.68+0.32 436+0.50 3.93¥+£0.19  4.71¥+0.49 4.50+0.48 432+042
14 443*+£0.18  4.19*+0.23 4.37+0.40 4.14+0.29 436+0.23 421+0.26 407+0.19  44%+0.19 4294024  3.99%+0.31
21 4044024 3.62°+£0.55 4.02+£0.26 3.80+0.49 4.01£0.26 3.82+0.26 3.618+020  421¥+0.27 4.01£0.25 3.77+031

Note: Students’ r-test — Means with different superscript between control and experimental group are significantly different
(a, b—p<0.05; x, y — p<0.01)/Napomena: Studentov #-test — srednje vrednosti koje su oznacene razli¢itim slovima, izmedu kolona i
eksperimantalnih grupa, su signifikanto razlicite (a, b — p<0,05; x, y — p<0,01)

Sensory scoring of the smoked trout fillets

Overall, mean scores of selected parameters of
sensoriy properties of both control and experimental
vacuum packaged smoked trout fillets decreased over
the 3-week storage period, and the final scores were
significantly lower than the initial ones (Table 3).
This was expected, and decrease of sensory quali-
ties of such products over their shelf life have been
reported earlier (Goulas and Kontominas, 2005). In
general, at any given evaluation time, no significant
differences in the total acceptability between the con-
trol and the experimental fillets were observed. How-
ever, although non-significant, somewhat higher to-
tal acceptability scores were noted with the control
smoked fillets produced from fresh (unfrozen) fish.
Many consumers accentuate colour intensity as the
main indicator of quality of smoked fish, as report-
ed for German and French consumers (7orrissen et
al., 2000). In the present study, mean scores for the
colour of control fillets (days 0, 7, 14 and 21) were
significantly higher (p < 0.05 to p < 0.01) than those
of the experimental fillets Table 3). Similar results
have been reported before (Cardinal et al., 2001),
that smoked fish produced from pre-processing fro-
zen fish had less intense colour than in case when
the fish was not frozen before processing. In con-
trast, some other authors (Leroi et al., 2001) have re-
ported no significant colour variations in smoked fish
(stored 3 weeks at 4 °C) attributable to pre-process-
ing fish freezing. It should be considered that some
other factors could also affect the colour scoring of
the smoked fish. For example, a positive correlation
between fat content and colour intensity of smoked
products has been reported (Rora et al., 1999). Mean
scores for tenderness were significantly higher in the

control fillets than in the experimental fillets only at
day O of the storage, but no significant differences
were observed on days 7, 14 and 21 (Table 3). It is
likely that the initial difference in the tenderness was
caused by the corresponding differences in the salt
content in the products. Mollifying of fish is a con-
sequence of autolytic processes due to catepsin ac-
tivity, and increased salt content inhibits activity of
catepsins, thus decreasing mollifying (Reddi et al.,
1972). On the other hand, some other authors (Cardi-
nal et al., 2001) have reported that smoked fish prod-
ucts obtained from frozen raw material were softer.
Mean scores for salinity were significantly higher
(p <0.01) in the experimental smoked fillets than in
the controls throughout the 3-week storage period at
4°C (Table 3). The main reason for that was better
penetration of salt in tissue cells altered by freezing,
as indicated before. In some other studies, smoked
fish products made from frozen fish also had more
intense taste of salinity than the products made from
fresh fish (Cardinal et al., 2001). The authors consid-
ered that freezing-altered tissue texture stimulated sa-
linity perception causing impression of the salt con-
tent being higher than actual.

Conclusions

As far as general microflora (TVC and LAB)
is concerned, cold smoked, vacuum-packaged trout
fillets produced from pre-processing frozen fish had
superior microbiological characteristics compared to
those produced from pre-processing unfrozen fish.
Freezing-alterations of the fish tissues enabled bet-
ter penetration of salt leading to higher salt-in-wa-
ter content and lower water activity which, in turn,
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contributed to the extended shelf life of the prod-
uct. At the same time, pre-processing freezing had
no significant detrimental effect on the total sensory
acceptability of the smoked vacuum-packaged trout
fillets, neither initially or after 3-week cold-storage.
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Uticaj prethodne obrade pastrmke zamrzavanjem na
karakteristike fileta dimljene pastrmke

Pavliéevi¢ Natasa, Pordevi¢ Vesna, Dimitrijevi¢ Mirjana, Karabasil Nedeljko, Balti¢ 7. Milan,
Boskovi¢ Marija, Petrovic Jelena

Sazetak: Usituaciji kada su kapaciteti za proizvodnju i dalji tretman dimljene ribe nedovoljni potrebno je da se sveza riba
tokom sezone izlova zamrzne i da se preradi kasnije, kada se sezona zavrsi. To je bio razlog zasto je za cilj nasih istrazivanja postavlje-
no da se ispitaju efekti zamrzavanja na odredene parametre kvaliteta dimljene ribe. Za eksperiment, pastrmke su bile podeljene u dve
grupe: kontrolna grupa, koju je sacinjavala sveza riba i eksperimentalna grupa, koju je sacinjavala smrznuta riba. Tokom procesa pro-
izvodnje ispitan je ukupan broj bakterija, a na kraju procesa, u konacnom proizvodu (vakuum-pakovana hladno dimljena pastrmka),
odredeni su hemijski parametri. U toku skladistenja proizvoda na +4°C tokom 21 dan, u redovnim intervalima su izvrSena mikrobiolos-
ka, fizicko-hemijska i senzorna ispitivanja. Generalno, rezultati ovih istrazivanja su pokazali da je prethodna obrada pastrmke zamrza-
vanjem pogodna i, u vreme velikih izlova, ¢ak i preporucljiv korak u proizvodnji dimljene pastrmke, bar Sto se tice manjih proizvodaca.

Kljucne reci: hladno dimljenje, skladistenje, kvalitet.
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Distribucija organohlornih pesticida i polihlorovanih
bifenila u dve vrste riba iz Dunava

Dinovié-Stojanovié¢ Jasna', Spasic¢ Jelena?, Popovi¢ Aleksandar?, Vrani¢ Danijela’, Nikcevi¢ Miroslay’,
Hegedis Aleksandar’, Nikoli¢ Dragica’

Sadrzaj: Uovom radu prikazana je distribucija i sadrzaj organohlornih pesticida (organochlorine pesticides, OCP) i
polihlorovanih bifenila (polychlorinated biphenyls, PCB) u ribama krupatici (Blicca bjoerkna) i mreni (Barbus barbus) iz Dunava
u blizini Batajnice. Ispitano je 16 organohlornih pesticida i 7 kongenera polihlorovanih bifenila. Anlizirana su sledeca jedinjenja:
o-heksahlorocikloheksan (o-HCH), p-heksahlorocikloheksan (-HCH), heksahlorobenzen (HCB), y-heksahlorocikloheksan (y-HCH),
o-heksahlorocikloheksan (6-HCH), heptahlor, aldrin, cis-heptahloroepoksid (cis-HCE), trans-heptahloroepoksid (trans-HCE),
y-hlordan, o-hlordan, p,p'-dihlorodifenildihloroetilen (p,p'-DDE), dieldrin, endrin, p,p'-dihlorodifenildihloroetan (p,p"-DDD) i p,p'-
dihlorodifeniltrihloroetan (p,p’-DDT) i PCB kongeneri oznaceni IUPAC brojevima 28, 52, 101, 138, 153, 180 i 118. Kvalitativna i
kvanitativna ispitivanja ovih jedinjenja radena su GC-ECD metodom. Sadrzaj proteina, lipida, vlage i pepela u filetima riba odreden je
koris¢enjem standardnih SRPS ISO metoda. Utvdena je statisticki znacajna razlika (p < 0,05) izmedu sadrzaja organohlornih pesticida
u krupatici i mreni, kao i izmedu sadrzaja polihlorovanih bifenila u ispitanim ribama. Najveci sadrzaj medu ispitivanim organohlornim
pesticidima, u obe vrste ribe utvrden je za XDDT (pp'-DDT + pp'-DDE + pp'-DDD), (13,8 ng/g ribe — krupatica, 2,6 ng/g ribe — mre-
na). Ukupan sadrzaj PCB jedinjenja u filetima krupatice (40,8 ng/g ribe) bio je znacajno veci nego u filetima mrene (7,2 ng/g ribe).
Na osnovu rezultata Studentovog t-testa (p = 0,05) utvdeno je da postoji statisticki znacajna razlika u sadrzaju masti, viage, pepela i
izracunate energetske vrednosti izmedu fileta ispitanih riba. Cetiri puta veéi sadraj masti u filetima krupatice (4,25%) u odnosu na
filete mrene (1,07%) jedan je od glavih razloga veéeg sadrzaja organohlornih pesticida i polihlorovanih bifenila u krupatici nego u
mreni, koje su uzete sa istog lokaliteta (Dunav, Batajnica).

Kljucne reci: Krupatica, mrena, organohlorni pesticidi, polihlorovani bifenili, hemijski sastav.

Uvod strukture bioloskih membrana, nakon ¢ega se depo-
nuju u masnom tkivu (Naso i dr., 2005).

Perzistentni organski zagadivaci (Persistent Organohlorni pesticidi i polihlorovani bifenili
Organic Pollutants, POPs) su sloZena organska je- dospevaju u zivotnu sredinu kao posledica primene
dinjenja velike molekulske mase, koja, esto, sadrze u poljoprivredi i industriji (Nie i dr., 2012, Meng i
halogene elemente, uglavnom hlor. To su jedinjnja dr, 2013). Iako je njhova proizvodnja i upotreba za-

branjena, ili ograni¢ena, krajem 80-tih godina pros-
log veka, mnoga istrazivanja ukazuju da su i OCP i

. . . . . PCB jedinjenja jos uvek prisutna u razli¢itim delo-
zistentni organski zagadivac¢i se mogu podeliti na . . . .
vima zivotne sredine, kao §to su voda, vazduh 1 ze-

pohclkpcne aromaticne ugljovo'donlke .(po.ly.cy?hc. mljiSte (Loganathan i Kannan, 1994; Castro-Jime-
aromatic hydrocarbons, PAH), tj. PAH jedinjenja i nez i dr, 2011; Barakat i dr., 2013). Kao posledica

koja su rezistentna na fotoliticku, biolosku i hemij-
sku degradaciju. Na osnovu strukture molekula, per-

halogenovane ugljovodonike, kao $to su pesticidi, prisustva u Zivotnoj sredini, ova jedinjenja se mogu
polihlorovani bifenili, dioksini itd. POP jedinjenja naéi i u hrani (Babut i dr,, 2012, Shoiful i dr., 2013).
su slabo rastvorljiva u vodi, a veoma dobro u ma- Na taj na¢in dospevaju u lanac ishrane i mogu nega-
stima, tako da se lako transportuju kroz fosfolipidne tivno uticati na zdravlje ljudi (Baldassari i dr., 2007,

Napomena: Rezultati su proistekli iz rada na realizaciji projekata ev. br. TR 31075, koje finansira Ministarstvo
prosvete, nauke i tehnoloskog razvoja Republike Srbije.
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SInstitut za multidisciplinarna istraZivanja, Kneza Viseslava 1, 11000 Beograd, Republika Srbija
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Shi i dr., 2013). IzloZenost stanovniStva organohlor-
nim zagadivaCima je najveca preko hrane, a oko
90% ovih zagadivaca se unosi u organizam Coveka
konzumiranjem prehrambenih proizvoda Zivotinj-
skog porekla, pre svega ribe (Baldassari i dr., 2007,
Cole i dr., 2009).

Sadrzaji OCP i PCB jedinjenja u ribama mogu
da zavise od vise faktora, pre svega od zagadenja
zivotne sredine ovim organohlornim jedinjenjima,
zatim od vrste ribe, vremenskih prilika u pojedi-
nim geografskim oblastima, itd. (Eqani i dr., 2013).
Rezultati istrazivanja Lo Turco i dr. (2007) poka-
zuju da kavezno gajeni brancin (Dicentrarchus la-
brax), u Mediteranskom moru u Italiji, ima veci sa-
drzaj DDT (izrazen kao suma p,p’-DDE, o,p’-DDE,
p,p’-DDD, 0,p’-DDT i p,p’-DDT) i PCB jedinjenja
od brancina iz slobodnog izlova. Rezultati su poka-
zali da je sadrzaj DDT jedinjenja u misi¢nom tki-
vu i jetri kavezno gajenog brancina bio u opsegu
0,2—1,3 pg/kg (misi¢no tkivo) 1 9,6-48,4 ng/kg (je-
tra). U ribi iz slobodnog izlova sadrzaji DDT jedi-
njenja je bio znatno manji: 0,1 pg/kg u misi¢nom
tkivu 1 5,1-9,0 pg/kg u jetri. Ukupan sadrzaj PCB
jedinjenja u misi¢nom tkivu i jetri bio je, takode,
veci u gajenom brancinu (5,3-59,7 pg/kg — misic¢-
no tkivo, 74,4-267,4 ng/kg — jetra) u odnosu na istu
vrstu ribe iz slobodnog izlova (1,1-1,5 pg/kg — mi-
Si¢no tkivo, 63,2-109,4 pg/kg — jetra). Ove rezul-
tate autori objasnjavaju prisustvom organohlornih
zagadivaca u vodama Mediterana, ali i ve¢im sadr-
zajem masti u kavezno gajenoj ribi.

Medutim, kada je re¢ o Saranu, kao vrsti ribe
koja je najzastupljenija na trziStu u Srbiji, razulta-
ti ispitivanja zagadivaca iz zivotne sredine u $ara-
nu iz akvakulture (Pinovi¢ i dr., 2010; Trbovi¢ i dr,

2011; Milijasevié i dr., 2012) 1 Saranu iz slobodnog
izlova (Pinovic¢-Stojanovié¢ i dr., neobjavljeni rezul-
tati) su drugaciji od rezultata italijanskih israzivaca
(Lo Turco i dr, 2007). Naime, sadrzaj DDT (izra-
zen kao suma p,p’-DDE, p,p’-DDD, i p,p’-DDT)
u misi¢nom tkivu Sarana iz akvakulture (28,0 pg/
kg) 1 misi¢énom tkivu Sarana iz slobodnog izlova
(22,0 pg/kg) bio je priblizno isti, dok je sadrzaj po-
lihlorovanih bifenila u misi¢nom tkivu Sarana iz slo-
bodnog izlova (53,5 pg/kg) bio vec¢i u odnosu na
sadrzaj PCB jedinjenja u misi¢nom tkivu gajenog
Sarana (30,0 pg/kg).

U mnogim istrazivanjima, riba se, ¢esto, kori-
sti kao bioloski indikator zagadenja Zivotne sredi-
ne (Babut i dr., 2012; Thomas i dr, 2012; Shi i dr.,
2013). Sadrzaji OCP i PCB jedinjenja u razli¢itim
vrstama ribe moze da ukaZze na prisustvo razlii-
tih zagadivaca, ne samo u vodi, ve¢ i u sedimentu
i zemljistu. Harris i dr. (1999) su pokazali da od-
nos koncentracija p,p’-DDE i p,p’-DDT u humanom
mleku moze da posluzi kao indikator nedavne upo-
trebe p,p’-DDT u Zivotnoj sredini. Ako je taj odnos
veci od 0,5 moze se zakljuciti da p,p’-DDT nije bio
koris¢en, a njegovo prisustvo u ispitanim uzorcima
mleka, pre svega, je posledica ishrane, tj. posledica
kontamiranja hrane sa reziduama organohlornih je-
dinjenja. Medutim, kada se govori o bioloskim orga-
nizmima, kao §to je riba, Egani i dr. (2013) ukazuju
da odnosi koncentacija p,p’-DDE i p,p’-DDT, kao i
odnosi koncentracija p,p’-DDD i p,p’-DDT ne mogu
biti siguran indikator nedavne upotrebe p,p’-DDT,
jer se degradacija p,p’-DDT deSava i kao posledi-
ca metabolizma u zivim organizmima (Muralidha-
ran idr., 2009).
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Slika 1. Tok Dunava kroz Srbiju i lokacija uzimanja uzoraka ribe, Batajnica, april 2013.
Picture 1. Danube flow through Serbia and sampling location, Batajnica, april 2013.
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Sa druge strane, nutritivne i zdravstvene kori-
sti koje ljudi ostvaruju konzumiranjem ribe jedan su
od razloga za poveéanom potraznjom ribe na trzi-
Stu (Burger i Gochfeld, 2009). Sadrzaj proteina u ri-
bama krece se u opsegu od 12 do 24% i veoma je
sli¢an sadrzaju proteina u mesu sisara. Riblje meso
ima visok sadrzaj vode (60 do 80%) i zanemarljivo
nizak sadrzaj ugljenih hidrata (Cirkovié¢ i dr., 2002).
Nizak sadrzaj masti i relativno nizak sadrzaj holeste-
rola, kao i znacajan sadrzaj vitamina i esencijalnih
masnih kiselina ¢ine ribu jednom od nutritivno naj-
vrednijih prehrambenih proizvoda.

Cilj ovog rada bio je analiza sadrzaja i distri-
bucije organskih zagadivaca u ribama, i to orga-
nohlornih pesticida i polihlorovanih bifenila u kru-
patici (Blicca bjoerkna) 1 mreni (Barbus barbus) sa
lokaliteta Dunav kod Batajnice (slika 1). Takode je
odreden i poreden osnovni hemijski sastav ovih riba.
Eksperimentalno dobijeni podaci statisticki su obra-
deni Studentovim t-testom (p < 0,05).

Zakonska regulativa u Srbiji

Prema vaze¢im propisima Republike Srbi-
je, koji su u saglasnosti sa legislativom EU, mak-
simalno dozvoljena koli¢ina (MDK) za p,p'-DDT
i njegove derivate (p,p-DDE i p,p'-DDD) u mesu
sa sadrzajem masti ve¢im od 10% je 1 mg/kg ma-
sti, dok za meso sa sadrzajem masti manjim od 10%
MDK iznosi 0,1 mg/kg jestivog dela (SI. glasnik RS,
br. 25/2010, 28/2011 1 20/2013; Council directive
86/363/EEC). Navedene vrednosti se u praksi pri-
menjuju i za ribu, s obzirom da ni u Srbiji, a ni u
EU ne postoje limiti za p,p’-DDT u ribi i proizvodi-
ma od ribe. Komisija Codex Alimentarius propisuje
MDK za p,p’-DDT u ribi od 5 mg/kg masti. I u slu-
¢aju ostalih organohlornih jedinjenja, njihove MDK
vrednosti za meso primenjuju se, u praksi, i za ribu.

Pravilnik o bezbednosti hrane u Srbiji je do po-
lovine 2012. godine propisivao MDK za PCB jedi-
njenja, ne precizirija¢i o kojim se kongenerima radi.
Propisane vrednosti date su u tabeli 1.

U EU, MDK je propisana samo za dioksine, di-
benzofurane i dI-PCB (dioxin like PCB, dI-PCB) i
izrazava se u WHO-TEQDV (toksi¢ni ekvivalent uspo-
stavljen od svetske zdravstvene organizacije). TEQ se
bazira na relativnoj toksi¢nosti svakog kongenera u
toksic¢nost jednaka jedinici (Van den Berg i dr., 2006).
Vaze¢i Pravilnik Republike Srbije koji se odnosi na

) WHO-TEQ (World Health Organization, WHO — Toxic
Equivalent, TEQ)

Tabela 1. Maksimalno dozvoljene koli¢ine PCB za
neke vrste namirnica u Srbiji

Table 1. The maximum residue levels of PCBs in
some foods in Serbia

MDK, PCB
(mg/kg)/
MRL, PCB
(mg/kg)

Mleko i proizvodi od mleka 1
(izraZeno na sadrzaj masti)/

Milk and dairy products

(expressed in relation to fat

content)

Vrsta namirnice/

Type of food

Meso i proizvodi od mesa goveda, 2
ovaca, svinja, konja i Zivine

(izraZeno na sadrzaj masti)/

Meat and meat products — beef,

sheep, pork, horse and poultry

meat products (expressed in

relation to fat content)

Jaja (bez ljuske) 0,3
Ribe, skoljke, rakovi i mekusci 3
(izraZeno na jestivi deo)/

Eggs (without egg shell)

Fish, shellfish, crustaceans and

molluscs (expressed in relation to

edible part)

bezbednost hrane (S glasnik RS, br. 25/2010, 28/2011
120/2013) uskladen je sa EU propisima.

U pokusajima da se definiSu maksimalno dozvo-
ljene koli¢ine za ndl-PCB vise ekspertskih komisija je,
na nivou EU, donosilo radne verzije propisa. Posled-
nja, iz 2006. god. propisuje koli¢ine ndl-PCB u na-
mirnicama na osnovu ALARA (as low as reasonably
achievable) principa, a ne na osnovu toksikoloskih is-
pitivanja (FAO-WHO, 1997). MDK vrednosti za ndl-
PCB u nekim vrstama namirnica su date u tabeli 2.

Materijali i metode
Uzimanje uzoraka

Ribe krupatica i mrena izlovljene su iz Duna-
va, sa lokaliteta Batajnica (slika 1), u aprilu 2013.
godine. Za potrebe ispitivanja uzorkovano je po 6
jedinki svake vrste ribe. Prose¢na masa krupatice
bila je 174 g, a prosecna duzina 23 cm, dok je mre-
na imala prose¢nu masu 320 g i prose¢nu duzinu 31
cm. Uzorci su, do laboratorijskih ispitivanja, ¢uva-
ni na —18°C. Riba je, pre ispitivanja, ostavljena sat
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Tabela 2. PredloZene maksimalno dozvoljene koli¢ine za ndl-PCB u EU

Table 2. The proposed maximum residue levels for ndl-PCBs in the EU

Vrsta namirnice/

MDK, ndIl-PCB - suma kongenera/

Type of foods MRL, ndl-PCB — sum of congeners
28, 52,101, 138, 153 i 180 (ng/kg)

Mileko i proizvodi od mleka 50

(izrazeno na sadrzaj masti)/

Milk and dairy products (expressed in relation to fat content)

Meso (izrazeno na sadrzaj masti)/

Meat (expressed in relation to fat content) 50
v . 50

Prezivari/ruminants

G e . 50

zivina i divlja¢/poultry and wild game

svinje/pigs

Jetra (izraZzeno na sadrzaj masti)/liver 200

(expressed in relation to fat content)

Jaja (izrazeno na sadrzaj masti)/ 50

Eggs (expressed in relation to fat content)

Ribe i proizvodi od riba (izraZzeno na jestivi deo)/ 100

Fish and fish products (expressed in relation to edible part)

Jegulja (izrazeno na jestivi deo)/ 200

Eel (expressed in relation to edible part)

Masti i ulja/Fats and oils

Zivotinjska/animal 50

Biljna/plant 50

Riblja/fish 200

vremena na sobnoj temperaturi, da bi se delimi¢no
odmrzla i laksSe skinula koza, odvojila glava i rep
i uklonila utroba. Odvojeni fileti ribe su homoge-
nizovani u homogenizatoru Braun CombiMax 600
(Germany).

Analiza hemijskog sastava ribe

Hemijski sastav ribe odreden je prema stan-
dardnim SRPS ISO metodama. Sadrzaj proteina
(N x 6,25) odreden je metodom po Kjeldahlu, na
aparatu Kjeltec Auto 1030 Analyzer (Tecator, Swe-
den), (SPRS ISO 937/1992). Sadrzaj vlage odre-
den je susenjem na temperaturi od 103 + 2°C, do
konstantne mase (SPRS ISO 1442/1998). Ukupna
mast odredena je ekstrakcijom masti petroletrom,
koriS¢enjem aparature po Soxhletu, nakon kise-
le hidrolize uzorka (SPRS ISO 1443/1992). Sadr-
zaj pepela je odreden merenjem mase ostatka na-
kon zarenja na temperaturi od 550 + 25°C (SPRS
ISO 936/1999).

Organohlorni pesticidi i polihlorovani bifenili

Ostaci 16 organohlornih pesticida i 7 konge-
nera polihlorovanih bifenila odredeni su u misi¢-
nom tkivu riba. Nazivi i strukturne formule ana-
liziranih organohlornih jedinjenja prikazane su u
tabelama 3 i 4. Za potrebe odredivanja sadrzaja
OCP i PCB jedinjenja u ribi, ekstrahuje se mast iz
homogenizovanog uzorka ribe pomocu petroletra.
Rastvarac se upari na rotacionom vakuum upariva-
¢u, a od ekstrahovane masti odmeri se 0,1 g za da-
lju analizu. Odmereni ekstrakt masti precis¢ava se
na koloni sa aluminijum-oksidom, koji je prethod-
no deaktiviran vodom. Organohlorna jedinjenja se
iz ekstrahovane masti, koja je nanesena na kolonu,
eluiraju n-heksanom. Eluat se upari do suva, a suvi
ostatak se rasvori u 1 ml n-heksana. Organohlor-
ni pesticidi i polihlorovani bifenili su identifiko-
vani i kvantifikovani primenom gasne hromato-
grafije sa ®Ni detektorom sa zahvatom elektrona
(GC/ECD). Gasni hromatograf (GC Varian model
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Tabela 3. Nazivi i strukturne formule analiziranih organohlornih pesticida
Table 3. The names and structural formulas of the analyzed organochlorine pesticides

Naziv jedinjenja/ Strukturna formula/ Naziv jedinjenja/ Strukturna formula/
Name of the compound | Structural formula Name of the compound Structural formula
a-HCH? Heptahlor/

Heptachlor
3-HCH Heptahlor-endo-epoksid

Izomer A (trans)
(trans-HCE)/
Heptachlor-endo-epoxide
Isomer A (trans) (trans-HCE)

6-HCH Heptahlor-egzo-epoksid
Izomer B (cis)

(cis-HCE)/
Heptachlor-exo-epoxide
Isomer A (trans) (trans-HCE)

v-HCH -Lindan Endrin/
Endrin
"HCB Aldrin/
Aldrin
°p,p'-DDT Dieldrin/
Dieldrin
4p,p-DDE cis-hlordan/

cis-chlordane

¢p,p'-DDD Clw _Cl trans —hlordan

trans-chlordane
Cl I I Cl

*HCH - heksahlorocikloheksan; ® HCB — heksahlorobenzen; *DDT — p,p'—dihlorodifeniltrihloroetan; ¢ DDE — p,p'-dihlorodifenildihlo-
roeten; ¢ DDD — p,p'—dihlorodifenildihloroetan

@ HCH - hexachlorocyclohexane; ® HCB— hexachlorobenzene ¢ DDT — p p'—dichlorodiphenyltrichloroethane; ¢ DDE- p p'-dichloro-
diphenyldichloroethylene ¢ DDD — p p'-dichlorodiphenyldichloroethane

“Cl
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Tabela 4. Nazivi i strukturne formule analiziranih polihlorovanih bifenila?

Table 4. The names and structural formulas of analyzed polychlorinated biphenyls?

Naziv jedinjenja/ | Strukturna formula/ Naziv jedinjenja/ | Strukturna formula/
Name of the Structural formula Name of the Structural formula
compound compound

PCB 28 PCB 153

PCB 52 PCB 138

PCB 101 PCB 180

PCB 118

2 PCB—polihlorovanibifenili/* PCB — polychlorinated biphenyls:

2,4,4'trihlorobifenil (PCB -28)/ 2,4,4'trichlorobiphenyl (PCB -28)

2,2',5,5'tetrahlorobifenil (PCB-52)/ 2,2',5,5'-tetrachlorobiphenyl (PCB-52)
2,2'4,5,5'-pentahlorobifenil (PCB -101)/ 2,2',4,5,5'—pentachlorobiphenyl (PCB -101)
2,3'.4,4' 5—pentahlorobifenil (PCB -118)/ 2,3',4,4',5—pentachlorobiphenyl (PCB -118)
2,2'.4,4',5,5'-hexahlorobifenil (PCB -153)/ 2,2',4,4',5,5'-hexachlorobiphenyl (PCB -153)
2,2'3,4,4',5'-hexahlorbifenil (PCB 138)/ 2,2',3,4,4',5'-hexachlorbiphenyl (PCB 138)
2,2'3,4,4',5,5'-heptahlorobifenil (PCB -180)/ 2,2',3,4,4',5,5'-heptachlorobiphenyl (PCB -180)

CP-3380) radio je u spilit less modu, primenom
odgovaraju¢eg temperaturnog programa, a kori-
S¢ena je kolona Zebron ZB-1 (30 m x 0,25 mm i.d.
1 0,25 um debljina filma). Azot visoke Cistoce ko-
ri§¢en je kao noseci gas. Podaci su obradeni kori-
S¢enjem Varian Star softvera.

Statisticka analiza

Eksperimentalni podaci, prikazani kao srednja
vrednost + standardna devijacija, su statisticki obra-
deni Studentovim t-testom na nivou znacajnosti od

95%. Za statisticku obradu rezultata koriS¢en je sof-
tver Microsoft Office Excel 2007 i njegov standar-
dni dodatak Data Analysis ToolPak.

Rezultati i diskusija

Sadrzaji OCP i PCB jedinjenja u ispitanim
uzorcima riba prikazani u tabeli 5, a osnovni hemij-
ski sastav (sadrzaj proteina, lipida, vlage i pepela) i
izraCunate energetske vrednosti za obe vrste ribe pri-
kazano je u tabeli 6.
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Tabela 5. Sadrzaj organohlornih pesticida i polihlorovanih bifenila u dve vrste ribe iz Dunava
(srednja vrednost + standardna devijacija, n = 6)
Tabela 5. Content of OCPs and PCBs in two freshwater fish species from the Danube river
(mean value = standard deviation, n = 6)

Vrsta ribe /Fish species Krupatica/

(Silver Bream) Mrena/
Jedinjenja / Compounds [ng/g ribe/fish] (Barbel)
a-HCH nd” nd
B-HCH nd nd
HCB 0,38 + 0,07 nd
vy-HCH 0,38 + 0,08 nd
5-HCH nd nd
Heptahlor nd nd
Aldrin nd nd
cis-HCE 0,944 + 0,33 0,16°+ 0,05
trans-HCE nd 0,24 + 0,04
v-Hlordan nd nd
a-Hlordan nd nd
p,p’-DDE 9,068 + 1,74 1,72+ 0,35
Dieldrin nd 0,28+ 0,04
Endrin nd nd
p,p’-DDD 4,74+ 1,56 0,84+ 0,17
p,p’-DDT nd nd
*DDT* 13,802 £ 2,59 2,57°+ 0,52
XPCB™ 40,912+ 8,44 7,160+ 0,98

“nd — nije detektovano, ispod limita detekcije (0,001 pg/g masti)/nd — not detected, bellow limit of detection (0,001 pg/g lipid)

" 2DDT = X(p,p’-DDE + p,p’-DDD + p,p’-DDT)

"¥PCB = Z(28+52+101+153+138+180)

ab Vrednosti u istom redu oznaCene razli¢itim slovima se znacajno razlikuju (P < 0,05)/Values in the same row followed by different
letters are significantly different (P < 0.05)

Tabela 6. Hemijski sastav fileta krupatice i mrene (srednja vrednost + standardna devijacija, n = 6)
Table 6. Proximate composition of Silver Bream and Barbel fillets (mean value + standard deviation, n = 6)

Parametri/Parameters gl;lli, [::?t]i;fe/am) ?]/;;illl)ae/l)
Sadrzaj proteina, %/Protein content,% 19,63 £ 0,17 19,38 £ 0,30
Sadrzaj masti,%/Fat content,% 4,252+ 0,05 1,07+ 0,06
Sadrzaj vlage, %/Moisture content,% 75,142+ 0,23 78,310 +0,22
Sadrzaj pepela, %/Ash content,% 0,922+ 0,03 1,10+ 0,02
Energetska vrednost/Energy value, kcal/100g 117,01* £+ 1,06 87,73+ 0,72
Energetska vrednost/Energy value, kJ/100g 491,942 £ 4,45 371,490+ 3,09

n — broj uzoraka/number of samples

abVrednosti u istom redu oznacene razli¢itim slovima se znacajno razlikuju (P < 0,05)/Values in the same row followed by different
letters are significantly different (P < 0.05)
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Od organohlornih pesticida, cis-HCE, p,p-DDE
i p,p-DDD identifikovani su i kvantifikovani su u fi-
letima obe vrste riba. Njihovi sadrzaji u filetima kru-
patice 1 mrene su se statisticki znacajno razlikovali
(P < 0,005), (tabela 5), a veci sadrzaji ovih jedinje-
nja odredeni su u filetima krupatice. U filetima krupa-
tice kvantifikovani su jos i HCB i y-HCH, a u filetima
mrene i trans-HCE 1 dieldrin. Medu ispitanim pesti-
cidima u obe vrste ribe najveci sadrzaj utvrden je za
p,p'-DDE. Sadrzaj p,p'-DDT je bio ispod granice de-
tekcije (0,001 mg/kg) u obe vrste riba. Ovo se moze
objasniti kratkim vremenom poluraspada p,p-DDT u
ribi (~8 meseci) u poredenju sa vremenom poluras-
pada DDE i DDD, koji iznosi oko 7 godina (Binelli i
Provini, 2003). Ako se ukupni DDT (XDDT) posmatra
kao zbir p,p'-DDT, p,p'-DDE i p,p'-DDD, evidentno je
da najveci doprinos ukupnom DDT-u daje metabolit
p,p’-DDE, §to je u saglasnosti sa istazivanjima drugih
autora (Davodi i dr., 2011). p,p'-DDE nastaje razgrad-
njom p,p'-DDT, veoma je perzistentno u prirodi, i, sto-
ga, moze da posluzi kao mera ekspozicije p,p'-DDT u
proslosti. U obe vrste riba, a-HCH, f-HCH, 6-HCH,
heptahlor, aldrin, y-hlordan, a-hlordan i endrin nisu
detektovani iznad granice detekcije (0,001 mg/kg).
Ukupan sadrzaj PCB jedinjenja u filetima krupatice
(40,9 ng/g ribe) bio je veci nego u filetima mrene (7,2
ng/g ribe) i statisticki se znacajno razlikovao (p<0,05).

Dobijeni rezultati ispitanih organohlornih za-
gadivata u uzorcima ribe iz Dunava, Batajnica
(tabela 5), u pogledu sadrzaja XDDT i XPCB, mogu
se porediti sa sadrzajem ovih jedinjenja u istim vr-
stama riba iz razliitih evropskih i svetskih vode-
nih sredina. Na primer, u mreni koja je uzorkovana
u najvecoj i najpoznatijoj mocvari u Iranu utvrden je
prosecan sadrzaj XDDT od 340 ng/g masti (Davodi
idr, 2011), dok je u nasem istazivanju ta vrednost
za XDDT iznosila 240 ng/g masti. Medutim, sadr-
zaj sume 7 kongenera PCB u mreni u naSem istarzi-
vanju (~670 ng/g masti) je znatno ve¢i od rezultata
Davodi-a i dr. (2011), (£,PCB = ~215 ng/g masti).
Ako dobijene rezultate za mrenu (XDDT = 2,6 ng/g
ribe; X,PCB = 7,2 ng/g ribe), (tabela 1) poredimo sa
rezultatima grckih istrazivaca, koji su ispitali mre-
nu iz reke Nestos (XDDT = 0,47-0,25 ng/g ribe;
23PCB = 3,6-6,8 ng/g ribe), (Christoforidis i dr.,
2008) moze se zakljuciti da je Dunav u Srbiji zagade-
niji organohlornim zagadivac¢ima u poredenju sa re-
kom Nestos u Gr¢koj. Medutim, ako rezultate iz ove
studije za sadzaj PCB umreni (X,PCB =7,2 ng/gribe)
poredimo sa sadrzajem PCB u mreni iz vodotokova
na severu Luksemburga (Z,PCB = 14,8 ng/g ribe),
(Boscher i dr., 2010), mozZe se zakljuditi da je sadr-
zaj polihlorovanih bifenila u mreni iz Dunava kod
Batajnice dva puta manji.

Prema dostupnoj literaturi koji se odnose na
sadrzaj organohlormnih zagadivaca u krupatici iz
recnih vodotokova su veoma oskudni. U krupati-
ci, koja je, takode, uzimana iz Dunava, ali nizvod-
no od Panceva, utvrdeni sadrzaj polihlorovanih bife-
nila (Z,PCB = 36,8-40,4 ng/g ribe), (Jankovic i dr,
2011), bio je slican rezultatima naseg istrazivanja
(Z,PCB = 40,9 ng/g ribe).

Podaci koji se odnose na osnovni hemijski sa-
stav, kako fileta mrene tako i fileta krupatice, su do-
stupniji u litetaturi i znacajni su za poredenje sa do-
bijenim rezultatima u ovoj studiji (tabela 6). Na
osnovu rezultata Studentovog t-testa (P<0,05)
utvdeno je da postoji statisticki znacajna razlika u
sadrzaju masti, vlage, pepela i izraCunate energet-
ske vrednosti izmedu fileta krupatice i mrene. Jedino
u slucaju sadrazaja proteina nije utvrdena statisticki
znacajna razlika izmedu fileta ispitanih vrsta riba.
Sadrzaj masti bio je znatno veci (4,25%) u filetima
krupatice u odnosu na sadrzaj masti u filetima mre-
ne (1,07%). Rezultati istrazivanja Clement-a i dr.
(2012), koji su proucavali ribu iz reke Rone u Fran-
cuskoj, takode, pokazuju da je sadrzaj masti u file-
tima krupatice (16,3%—27,8%) bio veci od sarzaja
masti u filetima mrene (4,8%—-19,9%). Medutim, u
poredenju sa rezultatima ovog istrazivanja vidi se da
je sadrzaj masti u istoj vrsti ribe iz reke Rone znatno
veci u odnosu na ribu iz Dunava u blizini Batajnice.

Ekotosikoloske studije koje koriste ribu kao bi-
oindikatore isti¢u da bioloski faktori, kao Sto su vr-
sta ribe, starost, veli¢ina, njihovo fizioloSko stanje
i dr., mogu uticati na bioakumulaciju organskih za-
gadivaca (Fisk i dr., 2001; Borga i dr., 2004). Polo-
zaj ribe u lancu ishrane i sadrzaj lipida predstavljaju
drugi vazan faktor u akumulaciji organohlornih jedi-
njenja (Roche i dr., 2000; Zhou i Wong, 2004). Re-
zultati ovog istrazivanja mogu se objasniti razlikama
u hemijskom sastavu ove dve vrste riba, pre svega u
sadrzaju ukupnih lipida koji je Cetiri puta veci u file-
tima krupatice nego u filetima mrene. Shodno tome,
veci sadrzaj analiziranih lipofilnih jedinjenja je do-
kazan u krupatici nego u mreni, izuzev za trans-HCE
i dieldrin koji su detektovani samo u mreni.

Zakljucak

Rezultati ovog istrazivanja su pokazali da po-
stoje statisticki znacajne razlike (na nivou znacajno-
sti od 95%) izmedu sadrzaja organohlornih pesticida
i polihlorovanih bifenila u krupatici i mreni iz Duna-
va. Utvrdeno je da je sadrzaj ispitanih organohlor-
nih jedinjenja u krupatici ve¢i nego u mreni, sem
za trans-HCE 1 dieldrin. Statisticki znacajna razli-
ka utvrdena je izmedu vecine parametara osnovnog
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hemijskog sastava ispitanih riba (mast, vlaga, pepeo,
energetska vrednost), izuzev za sadrzaj proteina.
Prisustvo organohlornih pesticida i1 polihloro-
vanih bifenila u ribama iz Dunava (Batajnica, Sr-
bija) ukazuje na potrebu za kontinuiranim prace-
njem organohlornih, ali i nekih drugih zagadivaca u
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Distribution of organochlorine pesticides and
polychlorinated biphenyls in two spices of fish from

Danube

Dinovic-Stojanovic Jasna, Spasic Jelena, Popovi¢ Aleksandar, Vrani¢ Danijela, Nikcevi¢ Miroslav,

Hegedis Aleksandar, Nikoli¢ Dragica

Summ ary: The distribution and contents of organochlorine pesticides (OCPs) and congeners of polychlorinated biphenyls

(PCBs) were analyzed in Bream (Blicca bjoerkna) and Barbel (Barbus barbus) from the Danube River, near Batajnica. The analysed
compounds were 16 OCPs (a-Hexachlorocyclohexane (0-HCH), p-Hexachlorocyclohexane (-HCH), Hexachlorobenzene (HCB),
y-Hexachlorocyclohexane (y-HCH), J-Hexachlorocyclohexane (0-HCH), Heptachlor, Aldrin, cis-Heptachloroepoxide (cis-HCE),
trans-Heptachloroepoxide (trans-HCE), y-Chlordane, p,p'-Dichlorodiphenyldichloroethylene (p,p’-DDE), a-Chlordane, Dieldrin,
Endrin, p,p"-Dichlorodiphenyldichloroethane (p,p’-DDD), p,p'-Dichlorodiphenyltri-chloroethane (p,p'-DDT)) and 7 PCB congeners
(IUPAC numbers 28, 52, 101, 138, 153, 180, 118). Determination and quantification of OCPs and PCBs were performed by a GC-ECD
method. The proximate composition of fish fillets was determined by applying standard SRPS 1SO methods. The statistically significant
difference (p < 0.05) was found between the OCPs content in Bream and Barbel, as well as between PCBs content in the analysed fish
filets. Among all analysed pesticides, both fish contained the highest amounts of XDDT (expressed as sum of p,p"-DDT + p,p"-DDE +
p.p-DDD), (13.8 ng/g fish — Bream, 2.6 ng/g fish — Barbel). The sum of PCB congeners in Bream filets (40.8 ng/g fish) was significantly
higher than in Barbel filets (7.2 ng/g fish). Results of Student's t-test (p = 0.05) showed the differences in the content of lipids, mois-
ture, ash and calculated energy value between the analysed fish filets. Four times higher fat content in Bream (4.25%) than in Barbel
(1.07%) is one of the main reasons for higher content of OCPs and PCBs in Bream compared to Barbel, which were taken from the
same location (The Danube River, Batajnica).
Key words: bream, barbel, organochlorine pesticides, polychlorinated bypheils, proximate composition.
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Sadrzaj: Uradu suizolovani i ispitani sojevi bakterija mlecne kiseline izdvojeni iz Zlatarskog sira, koji je proizveden u skladu
sa nacelima tradicionalne proizvodnje. Na odgovarajucim selektivnim podlogama (MRS agar, GM17 agar) izolovano je 96 sojeva bak-
terija mlecne kiseline. Svi izolati su dalje podvrgnuti ispitivanjima koja su obuhvatila Gram pripadnost, ¢elijsku morfologiju, katalaza
i oksidaza reakciju, stvaranje ugljen-dioksida iz glukoze, rast na razlicitim temeperaturama (4°, 10°, 15°, 37°i 45°C), razlicitim vred-
nostima pH (4,5 i 6,5), u sredinama sa razlicitim koncentracijama soli (2%, 3%, 4,5% i 6,5%), stvaranje sluzi i ispitivanje acidogene
aktivnosti. IzvrSeno je preliminarno ispitivanje sposobnosti stvaranja nespecificnih metabolita — bakteriocina. Determinacijom ovih
sojeva pomocéu API CHL 50 i Rapid ID 32 Strep testa utvrdeno je da ispitani izolati pripadaju rodovima: Enterococcus, Leuconostoc,

Lactobacillus, Lactococcus. Kod 9 izolata utvrdeno je stvaranje antimikrobnih metabolita — bakteriocina.
Kljucne reci: bakterije mlecne kiseline, prirodni izolati, Zlatarski sir, karakterizacija.

Uvod

Paralelno sa industrijalizacijom i standardi-
zacijom savremene proizvodnje, proizvodnja sire-
va bazirana na tradicionalim principima predstav-
lja znacajno obelezje jednog naroda, drzava i regija.
Tradicionalni nacin prerade mleka u sir jo$ uvek je
znacajno zastupljen u nasoj zemlji, kako kod indivi-
dualnih proizvodaca, tako i u poluindustrijskim po-
gonima. Ovakav nacin proizvodnje ima za posle-
dicu Sirok spektar razlicitih vrsta sireva na trzistu,
kao i sireva sa neujednacenim kvalitetom. Vrlo ce-
sto se nazivaju ,,majstorski “ sirevi, jer su proizvede-
ni po tradicionalnim tehnologijama koje se prenose
sa generacije na generaciju, bez upotrebe komerci-
jalnih starter kultura. Primenom starter kultura, koje
su uobicajene u industrijskoj proizvodnji, postigla bi
se uniformnost sireva i standardizacija kvaliteta, ali
bi se znacajno promenila njihova senzorska svojstva
koja ih sada Cine prepoznatljivim na trzistu.

Zlatarski sir je jedan od najznacajnijih predstav-
nika domacih autohtonih belih sireva u salamuri. Pro-
izvodi se od nekuvanog punomasnog kravljeg mle-
ka u okolini Nove Varosi, u podnozju i na obroncima

planine Zlatar (Veskovi¢ Moracanin i dr., 2012a; Ve-
skovi¢ Moracanin i dr., 2012b). Autenti¢nost sireva
zlatarskog podneblja, u odnosu na ostale sireve istog
tipa, ali drugih regija, bazirana je na osobenosti au-
tohtone mikroflore, prvenstveno bakterija mlecne ki-
seline (BMK), koje su nosioci mlecne fermentacije
1 procesa zrenja sireva. Pored osobenosti, vazan ele-
ment je i njihova raznolikost koja se ogleda u za-
stupljenosti velikog broja razli¢itih vrsta BMK, ali
1 sojeva u okviru jedne vrste, koji, kao rezultat svo-
je metabolicke aktivnosti, dovode do nastanka goto-
vog proizvoda specificnog ukusa (Veskovi¢ Moraca-
nin i dr., 2013; Topisirovic i dr., 2007). Dominantnost
odredene vrste BMK direktno zavisi od vrste mle-
ka, porekla zivotinje, nacina ishrane, vrste i kvalite-
ta pasnjaka, nadmorske visine i dr. (Topisirovic i dr.,
2006). Zbog svega toga, autohtone BMK predstav-
ljaju znacajan potencijal u oblasti selekcije tehnolos-
ki i protektivno znacajnih vrsta ili sojeva koji, pri-
menjeni u domacoj proizvodnji, mogu dovesti do
nastanka zdravstveno bezbednog i proizvoda ujedna-
¢enog, standardizovanog kvaliteta (Veskovi¢c Mora-
Canin i Obradovi¢, 2010, Radulovic i dr., 2008; Mi-
Jjacevi¢ i Bulaji¢, 2007; Barros i dr., 2008). Takode,
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njihova fizioloSka, biohemijska, potencijalna protek-
tivna svojstva 1 molekularno-genetske osobine daju
osnovu za selekciju i odabir specificnih sojeva BMK
karakteristicnih za odredene regione. Proizvodnja
sopstvenih (domacih) starter kultura, sastavljenih od
dobro izucenih prirodnih izolata BMK, je osnova za
dobijanje proizvoda sa deklaracijom specificnog geo-
grafskog porekla (Ostojic i Topisirovié, 2006).

Cilj ovoga rada bio je da se ispita i definiSe do-
minantna mikroflora BMK koja je nosilac procesa
fermentacije 1 zrenja Zlatarskog sira; da se izoluju
ciste kulture BMK; da se utvrde njihove najvazni-
je morfoloske i biohemijske karakteristike i poten-
cijalna bakteriocinska svojstva kao deo preliminar-
nih parametara u ispitivanju mogucnosti njihove Sire
primene u proizvodnji Zlatarskog sira.

Materijal i metode

Sojevi BMK su izolovani iz Cetiri uzorka Zla-
tarskog sira koji su imali poZeljna senzorska svoj-
stva karakteristicna za ovu vrstu sira (prijatan ukus
i miris, dobra konzistencija i karakteristicna aroma).
Osnovna senzorska svojstva sira (spoljasnji izgled,
boja, izgled preseka, konzistencija, miris i ukus),
bila su visoko ocenjena, sa rasponom ocena od 4,2
do 4,8. Pripadali su I kategoriji sireva sa ocenom
»odli¢an* 1 sa % maksimalnog kvaliteta iznad 90.

Izolacija BMK

Nakon uzorkovanja sira (20 g iz unutrasnjo-
sti kriske sira), test uzorak za ispitivanje homoge-
nizovan je sa 180 mL sterilnog 2% natrijum-citra-
ta. Decimalna razblazenja (10! do 1077) pripremana
su sa sterilnim fizioloskim rastvorom (0,85% NaCl).
Po 1 mL svakog decimalnog razblazenja zasejavano
je na selektivne podloge i inkubirano na odredenim
temperaturama karakteristicnim za ispitane bakteri-
je mle¢ne kiseline.

Laktobacili su izolovani metodom razblaze-
nja zasejavanjem na MRS agara (Merck, Nemacka),
u mikroaerofilnim uslovima (Anaerocult C mini,
Merck, Nemacka) i inkubiranjem tokom 72h i 48h
na temperaturama od 30°C i 37°C, respektivno. Na-
kon toga, ,,pikirane‘ su razlicite kolonije izrasle na
MRS agaru i trostruko preciS¢avane (nazmeni¢no
plo¢a — bujon) u cilju dobijanja ¢istih kultura.

Odredivanje okruglastih oblika bakterija mle¢ne
kiseline, tj. laktokoka i enterokoka, vrSeno je na M17
agaru (Merck, Nemacka) kome je dodato 0.5% glu-
koze (GM17 agar). Zasejane ploce inkubirane su na
30°C tokom 48h. Trostruko precis¢avanje izolovanih
sojeva vrseno je na isti nacin kao kod laktobacila.

Dobijeni izolati BMK ¢uvani su u odgovaraju-
¢im medijumima sa 15% glicerola (w/v), na tempe-
raturi od —80°C. Pre upotrebe, svaki izolat BMK dva
puta je supkultivisan u 10 mL odgovaraju¢eg bujona
(MRS ili GM17 sa 1% inokuluma, 24h na 30°C, od-
nosno na 37°C).

Odredivanje osnovnih morfoloskih i fizioloskih
svojstava izolata BMK

Karakterizacija izolata BMK, bazirana na nji-
hovim morfoloskim i fizioloSkim svojstvima, vrse-
na je u skladu sa postupcima i analitickim koraci-
ma koje je postavio Sharpe jo§ 1979 (Sharpe, 1979).
Naime, izolovane Ciste kulture BMK determinisane
su pomocu klasi¢nih mikrobioloskih metoda, koje
su obuhvatile ispitivanje Gram pripadnosti, ispitiva-
nje celijske morfologije, odredivanje katalaza i ok-
sidaza reakcije. Sledeca analiticka faza bila je pri-
mena biohemijskih kitova, API CHL 50 i Rapid ID
32 Strep test (Bio-Mérieux, Francuska), u cilju pre-
liminarne identifikacije, prvenstveno vrsta BMK. Za
ocitavanje rezultata ovih testova u radu je koris¢en
softverski paket API Web.

Pripadnost metaboli¢koj grupi (homo- ili he-
terofermentativni put razlaganja Secera) odredivana
je tako $to je u epruvetu sa odgovaraju¢om te¢nom
podlogom koja sadrzi Secer (glukoza), kojoj je do-
data Durhamova cevc¢ica, zasejavano po 0,1 mL is-
pitivane kulture BMK 1, nakon inkubacije (24h, na
37°C tj. na 30°C), utvrdivano je prisustvo ili odsu-
stvo gasa u cevcici.

Odnos izolata BMK prema soli (halotoleran-
tnost) ispitana je zasejavanjem i inkubacijom u od-
govarajué¢im hranljivim bujonima sa 2%, 3%, 4,5%
1 6,5% NaCl. Na isti na¢in odreden je rast izolata
BMK pri razli¢itim temperaturama sredine (4°, 10°,
15°,37°145°C) i razli¢itim vrednostima pH mediju-
ma (4,5 1 6,5). Navedena ispitivanja ponovljena su
tri puta.

Osobina produkcije egzopolisaharida izola-
ta BMK odredena je ispitivanjem prisustva sluzi
po povrsini zasejanog bujona, nakon inkubacije od
24-48h, na odgovaraju¢im temperaturama.

Utvrdivanje potencijalne bakteriocinske
aktivnosti izolata BMK

Utvrdivanje potencijalne bakteriocinske aktiv-
nosti izolata BMK vrSeno je metodom agar-difuzi-
je (,,agar well-diffusion* metod), (Schillinger i Liic-
ke, 1989).

Ispitani izolati BMK su preko no¢ni inkubira-
ni u MRS bujonu na 37°C, odnosno u GM17 bujo-
nu na 30°C. Nakon toga, po 1 mL bujonske kulture
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prenosen je u mikrokivetu od 2 mL (Sarstedt, Ne-
macka) i centrifugirano tokom 10 minuta na 10000
obrtaja/min (centrifuga — Genofuge 16M, Techne,
USA). Zatim je po 100 pL supernatanta prebaciva-
no u dve mikrokivete; prvoj mikrokiveti je dodavano
50 uL 0,1 M KOH radi neutralisanja nastalih kiselih
metabolita, a drugoj 10 pL proteinaze K (AppliChem
— 600 m Ansou U/mL). Supernatant sa proteolitickim
enzimom termostatiran je 1h na 37°C.

Istovremeno, pripremljene su i ploce sa test-
-mikroorganizmom (Listeria monocytogenes ATCC
19111). U BHI agar ((HiMedia, Indija) sa nizim sa-
drzajem agara (10 g/L), inokulisana je 18-Casovna
kultura L. monocytogenes (0,1 mL kulture koncen-
tracije 107-10% Celija/mL dodavano je na 100 mL
osnovne podloge). Metalnim diskom, posle hladenja
podloge, pravljena su udubljenja u agaru zapremine,
priblizno, 100 pL. Nakon toga, koli¢ina od 100 pL
ispitivane kulture BMK je prebacivana u bunarciée
u agaru i posle osnovne difuzije (30 min. na 4°C)
ploce su termostatirane preko noci na 30°C.

Pored antilisterijske aktivnosti, ispitana je i
potencijalna antimikrobna aktivnost izolata BMK
u odnosu na Staphylococcus aureus ATCC 6538 i
Esherichia coli ATCC 11303.

Rezultat i diskusija

Na bazi preliminarnih analitickih koraka
(Gram-pripadnost, mikroskopski pregled u cilju
utvrdivanja ¢elijske morfologije, katalaza 1 oksida-
za reakcija) odabrano je 96, potencijalno, razlici-
tih izolata BMK. Rezultati ispitivanja su pokazali

dominantno prisustvo okruglih/okruglastih oblika
(83), dok je 13 izolata imalo Stapic¢astu formu. Da-
lja determinacija izolata BMK je nastavljena pomo-
¢u biohemijskih kitova, API CHL 50 i Rapid ID 32
Strep, gde je, na osnovu biohemijskih reakcija i fizi-
oloskih osobina, utvrdena pripadnost rodu i, poten-
cijalno, vrsti BMK (tabela 1).

Rezultati dobijeni upotrebom softverskog pa-
keta API Web pokazali su da odabrani izolati (46)
pripadaju rodu Lactococcus (41 pripada izolat Lac-
tococcus lactis ssp. lactis, 3 izolata pripadaju Lacto-
coccus garviae 1 2 izolata Lactococcus spp.). Rodu
Enterococcus pripada 34 izolata (svi izolati su de-
terminisani kao Enterococcus faecalis), dok je u rod
Lactobacillus svrstano 13 izolata (11 izolata Lacto-
bacillus plantarum 1 2 izolata Lactobacillus sakei/
Lactobacillus curvatus). Kao Leuconostoc mesente-
roides ssp. mesenteroides identifikovano je 3 izolata.

BMK predstavljaju heterogenu grupu Gram-
-pozitivnih, katalaza i oksidaza-negativnih mikroor-
ganizama. Zahvaljuju¢i svojim metaboli¢kim svoj-
stvima (stvaraju mlec¢nu kiselinu iz glukoze) nosioci
su mlecnokiselinske fermentacije, procesa zrenja,
razvoja kona¢nog ukusa i nutritivnih karakteristika
fermentisanog proizvoda i imaju direktan uticaj na
odrzivost gotovog proizvoda (Beresford i dr., 2001;
Leroy i De Vuyst, 2004). Nastala mlecna kiselina uti-
¢e na nekoliko znacajnih elemenata u procesu pro-
izvodnje sireva, kao Sto je aktivnost koagulanata,
kvalitet grusa, reoloska svojstva sireva, vlaznost i dr.
(Cogan i dr., 1997).

Mikroflora sira moze se podeliti u dve grupe:
starterni BMK i sekundarni mikroorganizmi ili ne-
starterni BMK (NSBMK) (Beresford i dr, 2001).

Tabela 1. Preliminarna identifikacija BMK izolata na bazi fizioloskih osobina i Api testa

Table 1. Preliminary identification of LAB isolates based on physiological properties and Api test

BMK - Rod/ Broj izolata/ BMK - Vrste/ Broj izolata/

LAB — Genus Number off isolated | LAB — Species Number off isolates

Lactococcus spp. 46 Lactococcus lactis ssp. 41
lactis 3
Lactococcus garviae 2
Lactococcus spp.

Enterococcus spp. 34 Enterococcus faecalis 34

Lactobacillus spp. 13 Lactobacillus plantarum 11
Lactobacillus sakei/ 2
Lactobacillus curvatus

Leuconostoc spp. 3 Leuconostoc 3
mesenteroides ssp.
mesenteroides

Ukupan broj izolata BMK/total number of LAB isolates 96
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Tabela 2. Potvrdni test potencijalne bakteriocinske aktivnosti izolata BMK

Table 2. Confirmatory test of the potential bacteriocin activity of LAB isolates

Bujonska kultura/
Broth cultures

Neutralisani bujon/
Neutrolized broth

Proteinaza test/
Proteinase test

Katalaza test/
Catalase test

+++ +++

-+ -

+++ izrazena antimikrobna aktivnost/expressed antimicrobial activity

———nema antimikrobne aktivnosti/no antimicrobial activity

NSBMK je termin koji se koristi da bi se opisala
sporedna bakterijska flora sposobna da raste pod se-
lektivnim uslovima zrenja sira. Ove bakterije mogu
biti rezultat sastava mleka, ili posledica postpasteri-
zacijske kontaminacija iz sirarske opreme ili okolne
sredine (McSweeney i dr, 1993). Nalaze se, uglav-
nom, u tradicionalnim sirevima koji su proizvedeni
u specificnim ekoloskim niSama. Ispitivanja su po-
kazala da su NSBMK od sustinskog znacaja za ra-
zvoj ukusa, mirisa i ostalih organoleptickih svoj-
stava tradicionalnih sireva. Veruje se da su razlike
u senzorskim svojstvima sireva uslovljene prisu-
stvom razli¢itih vrsta NSBMK koje su karakteristic-
ne za svaki region gde se sir proizvodi (McSweeney
i dr, 1993). Zbog svega toga, danas je povecéan in-
teres za razvojem specificnih starternih mikroorga-
nizama sacinjenih od prirodnih izolata BMK, ¢ijom
primenom bi se omogucila bolja kontrola procesa
proizvodnje i nastanak proizvoda ujednacenog kva-
liteta. Primena NSBMK nasla bi svoj znacaj u polu-
industrijskim i industrijskim uslovima proizvodnje
tradicionalnih sireva.

Relativno visoka ucestalost enterokoka u Zla-
tarskom siru ne iznenaduje, budu¢i da se enterokoke
javljaju u razlic¢itim tipovima evropskih sireva, naro-
¢ito u sirevima pripremljenim iz sirovog ili pasteri-
zovanog mleka (Cogan i dr,, 1997). Smatra se da je
izvor enterokoka u mleku i siru feces, kontaminira-
na voda, mlekarska oprema, lo$i higijenski uslovi ili
pretrpani prostori za skladiStenje (Gelsomino i dr,
2001). Iako je rod Enterococcus donedavno smatran
indikatorom fekalne kontaminacije, danas se vrste
ovog roda smatraju normalnom mikroflorom u hra-
ni koja pozitivno utice na razvoj specifi¢nih orga-
noleptic¢kih karakteristika sira (Giraffa i dr, 1997,
Fuller, 1989).

Sviizolati BMK (96) rasli suna 37°C ina 15°C,
dok 15 izolata BMK loptastog oblika nije raslo na
45°C. Prisustvo dominantnih mezofilnih BMK je
bilo ocekivano (Macedo i dr., 1995; Radulovié i dr.,
2004). Mezofilna mikroflora je bila znatno zastu-
pljenija od termofilne, $to je u skladu sa tehnologi-
jom izrade Zlatarskog sira (u procesu proizvodnje,
pre postupka podsiravanja, ne postoji faza dogreva-
nja mleka), kao i sa samom klimom zlatarske regije

(umerena kontinentalna klima, bez visokih tempera-
tura).

Svi izolati pripadaju grupi katalaza i oksidaza
negativnih mikroorganizama.

Testiranjem pripadnosti homo- ili heterofer-
mentativnom tipu razlaganja ugljenih hidrata (glu-
koze) utvrdjeno je da 5 izolata BMK vrsi fermentaci-
ju Secera heterofermentativnim putem, dok ostali 91
izolat BMK fermentise glukozu bez stvaranja gasa.

Svi izolati BMK rasli su u sredinama sa razli-
¢itim sadrzajem soli (2%, 3%, 4,5% 1 6,5%), kao i
u sredinama sa kiselo$¢u od 4,51 6,5. S obzirom da
se tehnologija izrade Zlatarskog sira zasniva na upo-
trebi relativno velikog procenta soli (aproksimativ-
no Saka soli na red kriski u ba¢vama), otpornost izo-
lata BMK i njihova sposobnost da rastu u sredinama
sa ve¢im % soli moze se smatrati jednom od njiho-
vih fizioloskih karakteristika (Radulovié i dr., 2004).

Tri izolata BMK stvarala su sluz na te¢noj pod-
lozi za rast.

Utvrdeno je da od 96 ispitanih izolata BMK
poreklom iz Zlatarskog sira, njih 9 pokazuje poten-
cijalnu produkciju antimikrobnih jedinjenja, bakte-
riocina. Sest izolata Lec. lactis ssp. lactis i 3 izolata
E. faecalis imali su tipican profil u potvrdnom testu
koji se koristi za utvrdivanje bakteriocinske aktivno-
sti, u podlozi sa L. monocytogenes (tabela 2).

Izvedeni test sa proteolitickim enzimom, prote-
inazom K, (proteinaza test) doveo je do inaktivaci-
je delovanja bakteriocina, ¢ime je na indirektan na-
¢in potvrdena njegova proteinska priroda (Joerger i
sar., 2000).

U odnosu na izabrane test-mikroorganizme, svi
izolati BMK pokazuju izrazenu antibakterijsku ak-
tivnost u odnosu na L. monocytogenes, dok je dej-
stvona S. aureus i E. coli izostalo (tabela 3).

U prilog ovim rezultatima govore i nalazi dru-
gih autora (Schilinger, 1990; Abbe, 1995) koji ukazu-
juna ¢injenicu da je inhibitorna aktivnost bakterioci-
na BMK dominantna, uglavnom na Gram-pozitivne
bakterije. Velika taksonomska bliskost pozicija roda
Listeria rodu Lactobacillus uslovljava visoku oset-
ljivost Listeria vrsta prema bakteriocinima produko-
vanim od strane bakterija Lactobacillus spp. (Ludvig
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Tabela 3. Antimikrobna aktivnost izolata BMK poreklom iz Zlatarskog sira

Table 3. Antimicrobial activity of LAB isolates originating from Zlatar cheese

Test-mikroorganizmi/
Test microorganisms

Antimikrobna aktivnost izolata BMK/

Antimicrobial activity of LAB isolates

Lc. lactis ssp. lactis (6 izolata/isolates),
E. faecalis (3 izolata/isolates)

L. monocytogenes ATCC 19111

ek

S. aureus ATCC 6538

E. coli ATCC 11303

+++ izrazena antimikrobna aktivnost/expressed antimicrobial activity
— nema antimikrobne aktivnosti/no antimicrobial activity

idr, 1984; Ruhland i Fiedler, 1987; Wilkinson i Jo-
nes, 1977).

Istrazivanja iz oblasti antimikrobnog dejstva
bakteriocina BMK, uglavnom, se, iz istog razloga,
i proveravaju u odnosu na L. monocytogenes (Daes-
chel, 1989; Schillinger i Liicke, 1989, Veskovi¢ Mo-
racanin, 2012), kao test mikroorganizam.

Zakljucak

Proizvodnja sira, kao i drugih proizvoda od
mleka, ima dugu tradiciju izrade na podruc¢ju Bal-
kana. Ovi proizvodi mogu predstavljati vredan izvor
bakterija mle¢ne kiseline s obzirom da naseljavaju
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Morphological and biochemical characteristics of
natural isolates of lactic acid bacteria isolated from

Zlatar cheese

Veskovi¢ Moracanin Slavica, Borovi¢ Branka, Velebit Branko

Summ ary: In this research study, lactic acid bacteria (LAB) have been isolated from Zlatar cheese and subsequently scruti-

nized. The Zlatar cheese has been manufactured as an artisanal product. A total of 96 LAB strains have been isolated using selective
media (MRS agar and GM17 agar, respectively). All isolates have been scrutinized using the following: Gram staining, cell mor-
phology, catalase and oxidase reactions, production of carbon-dioxide converted from glucose, growth at the different temperatures
(4°, 10°, 15°, 37° and 45°C), at different pH values (4.5 and 6.5) and different salt concentrations (2%, 3%, 4.5% and 6.5%), slime
formation and testing of acidogenic activity. Preliminary testing on non-specific metabolites — bacteriocines has been conducted also.
Determination of the strains using API CHL 50 and Rapid ID 32 Strep tests indicated that isolates tested belong to the following gen-
era: Enterococcus, Leuconostoc, Lactobacillus and Lactococcus. A total of 9 strains have been confirmed positive on antimicrobial
metabolites — bacteriocines synthesis.

Rad primljen: 19.08.2013.
Rad ispravljen: 5.09.2013.
Rad prihvacden: 5.09.2013.
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UPUTSTVO AUTORIMA

,» lehnologija mesa“ je naucni Casopis u kome se
objavljuju:

1. Originalni naucni radovi (radovi u kojima se na-
vode neobjavljivani rezultati sopstvenih istraziva-
nja nau¢nom metodom);

2. Pregledni radovi (radovi koji sadrze originalan,
detaljan i kriticki prikaz istrazivackog problema
ili podrucja u kome je autor ostvario odredeni do-
prinos, uocljiv na osnovu autocitata);

3. Kratka ili prethodna saopstenja (originalni naucni
radovi punog formata, ali manjeg obima ili preli-
minarnog karaktera);

4. Prikazi (knjige, naucni skupovi i sli¢no).

Uze naucne discipline iz kojih se objavljuju rado-
vi su: tehnologija i higijena mesa, tehnologija spo-
rednih proizvoda u industriji mesa, higijena i tehno-
logija namirnica Zivotinjskog porekla, tehnoloska
mikrobiologija, metode konzervisanja, mikrobiolo-
gija namirnica zivotinjskog porekla, hemija proizvo-
da zivotinjskog porekla, kvalitet i bezbednost hrane
zivotinjskog porekla, kvalitet i bezbednost hrane za
zivotinje 1 drugo.

Objavljuju se originalni radovi koji prethodno
nisu nigde publikovani, saopSteni ili uzeti u razma-
tranje za objavljivanje u drugoj publikaciji, osim u
formi kratkih sadrzaja na skupovima. Odgovornost
za ispunjenje navedenih uslova snosi glavni autor,
koji, takode, treba da obezbedi saglasnost svih koau-
tora za publikovanje rada.

Postupak

Radovi podlezu anonimnoj recenziji (najmanje
dve), a odluku o prihvatanju radova za Stampanje
donosi glavni i odgovorni urednik, zajedno sa ¢lano-
vima Uredivackog odbora.

Prihvaceni radovi za Stampanje se lektorisu. Re-
dakcija ¢asopisa zadrzava pravo na manje korekci-
je rukopisa. U slucaju da su potrebne vece izmene,
o tome se obavestava glavni autor, a rad se dostavlja
na doradu, sa nazna¢enim rokom.

Jezik

Radovi se Stampaju na srpskom jeziku (ekavski di-
jalekt) ili dvojezi¢no — na srpskom i jednom od stranih
jezika (engleski, nemacki, ruski ili francuski). Ukoli-
ko se radovi Stampaju na srpskom jeziku, njihovi rezi-
mei (1/10 duzine ¢lanka) objavljuju se na engleskom
jeziku. Ukoliko se radovi Stampaju na engleskom ili
nekom drugom stranom jeziku, njihovi kratki sadrzaji
se Stampaju na srpskom 1 engleskom jeziku.

Priprema rukopisa

Rad treba da bude otkucan u programu za obradu
teksta Word, font Times New Roman, veli¢ina slova
12, sa proredom 1,5 i marginama od 2 cm, a dostav-
lja se na CD-u ili u elektronskoj formi. Rad treba da
bude napisan jasno, koncizno i gramaticki ispravno
i treba da sadrzi:

Naslov rada (mala slova, bold, veli¢ina slova 14).
Ispod naslova rada navode se prezimena i imena au-
tora (mala slova, italik, veli¢ina slova 12). Brojca-
nom oznakom, u superskriptu, iza imena autora,
oznacCava se institucija. Na kraju prve strane, u fu-
snoti, navode se, prema broj¢anoj oznaci, naziv i
adresa institucije u kojoj su autori zaposleni (italik,
veli¢ina slova 10). U novom redu navodi se prezime
1 ime autora za kontakt i njegova e-mail adresa.

Sadrzaj, koji daje kratak prikaz rada, treba da ima
150 do 250 reci, sa klju¢nim re¢ima na srpskom je-
ziku ili na jeziku na kome je rad napisan, i nalazi se
ispod naslova rada i prezimena autora.

Rezime (eng. summary) je kratak, informativan
prikaz, sadrzaja ¢lanka na srpskom i/ili engleskom
jeziku, u zavisnosti od jezika na kome je rad napisan,
koji omogucava uvid u cilj istrazivanja, metode, re-
zultate 1 zakljuCak. Rezime treba da ima do 500 reci
(italik, veli¢ina slova 12) i nalazi se na kraju rada,
iza literature.

Kljucne reci su termini koji najbolje opisuju sa-
drzaj ¢lanka. Kljucnih re¢i ne moze da bude vise od
10. Kljucne reci se daju na svim jezicima na kojima
postoje rezimea, neposredno ispod teksta rezimea
(italik, veli¢ina slova 12).

Sadrzaj i rezime ne smeju da sadrze skracenice. U
tesktualnom delu rada, svakoj skracenici koja se prvi
put navodi, treba da se da i pun naziv, a u daljem tek-
stu moze da se koristi samo skracenica.

Originalni nau¢ni rad treba da sadrzi navedena
poglavlja: uvod, materijal i metode, rezultate i dis-
kusiju (zajedno ili odvojeno), zaklju¢ak, napomenu
(opcionalno) i literaturu. Poglavlja se kucaju malim
slovima, veli¢ine 12, bold.

1. Uvod: treba da sadrzi jasan opis problematike i ci-
lja istrazivanja, uz kratak prikaz relevantne litera-
ture, ne starije od deset godina;

2. Materijal i metode: ovo poglavlje opisuje materi-
jal i metode koji su kori$¢eni i nacin na koji su po-
stavljeni ogledi;

3. Rezultati 1 diskusija: rezultati treba da budu obra-
deni odgovaraju¢im statistickim metodama za
izvedena ispitivanja, prikazani jasno i koncizno,
u vidu tabela, grafikona, fotografija, crteza i dru-
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go, a isti rezultat ne treba prikazati dvojako, i u
vidu tabele i1 u vidu grafikona. Diskusija treba da
se odnosi na prezentovane rezultate, bez ponavlja-
nja ranije navedenih ¢injenica, uz poredenje dobi-
jenih rezultata i relevantnih podataka iz literature
koji se odnose na srodnu grupu proizvoda, slicnu
analiticku metodu i drugo.

— U tekstu, citirana literatura oznacava se prezi-
menom autora, prezimenom i veznikom ,,i* ako
su dva autora, ili, ako je vise od dva autora, pre-
zimenom prvog autora i dodatkom ,,i dr.* (ita-
lik) i godinom obljavljivanja (sve u zagradi);

— Slike i crtezi se obelezavaju brojem kojim se
navode u radu. Nazivi tabela se piSu iznad, a
nazivi grafikona i slika ispod (mala slova). Na-
zive tabela i tekst u tabelama, grafikonima i sli-
kama treba pisati dvojezi¢no, pri ¢emu je dru-
gi jezik engleski. Tabele, grafikone i slike treba
dati u prilogu rada;

— Pri preuzimanju tabela, grafikona i slika iz li-
terature autor je obavezan da navede izvor (na
primer autor, godina objavljivanja, Casopis i
drugo).

— Autor treba da se pridrzava Medunarodnog si-
stema jedinica (SI) i vazec¢ih zakona o mernim
jedinicama i merilima.

4. Zakljucak: daje pregled najbitnijih Cinjenica do
kojih se doslo u toku istrazivanja.

5. Napomena (zahvalnica): sadrzi naziv i broj pro-
jekta, odnosno naziv programa u okviru koga je
¢lanak nastao, kao i naziv institucije koja je finan-
sirala projekat ili program. Navodi se na dnu prve
strane Clanka.

6. Literatura: treba da se slozi po abecednom i hro-
noloskom redu objavljivanja, i to: prezime autora,
prvo slovo imena, godina objavljenog rada (mala
slova veli¢ine 12, bold), a u nastavku, naziv rada u
celosti, naziv Casopisa ili drugog izvora, volumen
i broj Casopisa, pocetna i zavrSna strana rada.

Primer:

Pinovi¢ J., Popovi¢ A., Spiri¢ A., Turubatovié L.,
Jira W., 2008. 16 EU prioritetnih policikli¢nih
aromaticnih ugljovodonika (PAH jedinjenja)

u dimu drveta i dimljenoj prSuti. Tehnologija
mesa, 49, 5-6, 181—184.

JECFA, 2005. Joint FAO/WHO Expert Committee
on Food Additives. Summary and Conclusi-
on. Sixty-Fourth Meeting, Rome, 8-17 Febru-
ary, JECFA/64/SC. http://www.who.int/ipcs/
food/ jecfa/summaries/en/.

Morgan S. K., Daly C. C., Simmons N. J., John-
son N. V., Cummings T. L., 2008. The effect
of pre-slaughter events on the expression of
small heat shock proteins in the muscle. 54 In-
ternational Congress of Meat Science & Tech-
nology, Proceedings, General Speakers Sessi-
on, Electronic Copy, Cape Town, South Africa,
10th—15% August.

Mottram S., 1994. Some aspects of the chemistry of
meat flavour, in: The flavour of meat and meat
products. Shahidi F., Ed. Blackie. Glasgow,
210-230.

Sekse C., O‘Sullivan K., Granum P. E., Rervik
L. M., Wasteson Y., Jorgensen H. J., 2009.
An outbrake of Escherichia coli O103:H25 —
bacteriological investigations and genotyping
of isolates from food. International Journal of
Food Microbiology, 133, 3, 259-264.

Sinonott M., 2008. Carbohydrate chemistry and bi-
ochemistry, structure and mechanism. RSC Pu-
blishing, UK, 23-28.

Zakon o bezbednosti hrane, 2009. Sluzbeni gla-
snik RS, br. 41/2009, 77-99.

Radovi drugih kategorija, osim originalnih nauc-
nih radova, mogu da se piSu sa podnaslovima po iz-
boru autora.

Radovi se dostavljaju na CD-u, posStom ili u
elektronskoj formi, na e-mail adresu:

1. Institut za higijenu i tehnologiju mesa
— za Casopis ,,Tehnologija mesa“ —
Kacanskog 13, P. fah 33-49
11000 Beograd
Republika Srbija

2. e-mail: institut@inmesbgd.com

aurelija@inmesbgd.com

REDAKCIJA CASOPISA
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GUIDELINES FOR THE AUTHORS

»Meat Technology” is a scientific journal which
publishes:

1. Original scientific papers (papers which present
previously unpublished results of authors’ own in-
vestigations using scientific methodology);

2. Review papers (papers which include original, de-
tailed and critical overview of a research problem
or an area to which the author has significantly
contributed, as evidenced by auto citations);

3. Brief or preliminary papers (full-format original
scientific papers or of preliminary character);

4. Reviews (of books, scientific conferences etc.)

Papers will be published from the following scien-
tific disciplines: meat hygiene and technology, tech-
nology of by-products in meat industry, hygiene and
technology of animal originating foodstuffs, tech-
nological microbiology, methods of food preserva-
tion, microbiology of animal originating foodstuffs,
chemistry of animal originating foodstuffs, quality
and safety of animal originating foodstuffs, quality
and safety of feedingstuffs, et sim.

Eligible for publishing are those papers, which
have not been previously published, presented or
considered for publication in another journal, except
as abstracts presented at scientific conferences. The
first author is both responsible for meeting these cri-
teria and for obtaining agreement to publish from all
of the co-authors.

Procedure

Papers are subject to anonymous reviews (two
at least), while the decision to accept the paper for
publishing is reached by the editor-in-chief, together
with the members of the editorial board.

Accepted papers are subject to proofreading. The
editorial board reserves the right to minor correc-
tions of the manuscript. Where major corrections are
necessary, the first author will be notified, and the
paper sent for revision, with a set deadline.

Language

Papers are published in Serbian or bilingually —
in Serbian and in one of the second languages (Eng-
lish, German, Russian or French). If the papers are
printed in Serbian, their summaries (1/10 of the pa-
per length) are published in English. If the papers
are printed in English or another language other than
Serbian, their abstracts are printed in Serbian and
English.

Editing of the manuscripts

The paper should be edited in Microsoft Word
software, using Times New Roman font, size 12 pt,
paragraph spacing 1.5 and margins of 2cm. Papers
are submitted on CD or in other electronic form. The
text should be clear, concise, grammatically correct
and should contain the following sections:

The title (lowercase, bold, font size 14 pt). Be-
low the title, names of the authors (last, first, low-
ercase, italic, font size 12 pt). Numbers following
names in superscript refer to the authors’ institu-
tion. At the bottom of the first page, according to
the number in superscript, name and address of the
institutions authors are employed in should be giv-
en (italic, font size 10 pt). In the new line, the name
and e-mail of the corresponding author should be
provided.

Abstract, which gives short review of paper,
should contain 150-250 words with key words in
Serbian or the language of the paper. The abstract
should be typed below the title and names of the au-
thors.

Summary represents short, informative descrip-
tion of the paper content written in Serbian and/or
English, depending on the language of the paper.
Summary enables insight in the aim of the investi-
gations, methods, results and conclusion. It should
contain up to 500 words (italic, font size 12 pt) and
should be placed at the end of the paper, after refer-
ences.

Key words are terms that best describe the con-
tent of the paper. Maximal number of key words is
10. They should be given in the same languages as
summaries, below the summary text (italic, font size
12 pt).

Abstract and summary must not contain abbrevi-
ations. If the abbreviation is used for the first time
in the text, full name should also be provided. In the
latter text, the abbreviation can be used alone.

The original scientific paper should contain the
following chapters: introduction, material and meth-
ods, results and discussion (combined or separate),
conclusion, notes (optional) and references. Chap-
ter names are typed in lowercase, font size 12, bold.

1. Introduction: should contain clear description of
the investigated subject and aim of the research
with the short citations of the relevant literature
(not more than 10 years old);

2. Material and methods: this chapter describes ma-

terial and methods used and outlines the design of
the experiment;
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3. Results and discussion: The results should be
processed by statistical methods appropriate to
the experiment; they should be clear and conci-
se using tables, graphs, photographs, illustrations
and other. The same result should not be presented
through both, table and graph. Discussion should
be related to presented results avoiding repetitions
of already stated facts, using comparison of obta-
ined results and relevant literature data related to
similar group of products, comparable analytical
method et sim.

— When in the text, literature is cited by giving
author’s last name, last name with “and”, if the
cited literature is published by two authors, or,
in the case of more than two authors, by “et al.”
abbreviation after the surname of the first aut-
hor (italic). Cited literature with the year of pu-
blishing should be in brackets.

— Figures and illustrations are numerated with the
same number as given in the text of the paper.
Titles of the tables are written above the tables;
titles of the graphs and illustrations are printed
below (in lowercase). Table titles and content
should be written bilingually (the other langua-
ge is always English). Tables, graphs and fi-
gures are submitted separately, in the appendix.

— If tables, graphs or figures originate from other
sources, the author is required to state the sour-
ce of such data (author, year of publishing,
journal etc.).

— The author should apply the International
System of Units (SI system) and current regu-
lation on measuring units and measuring instru-
ments.

4. Conclusion: provides the review of the most im-
portant facts obtained during the research.

5. Note (acknowledgement): should contain title
and number of the project i.e. title of the program
from which is the research carried out and descri-
bed in the paper, as well as the name of the insti-
tution that funded the project or program. All this
is stated at the bottom of the first page of the pa-
per.

6. References: should be given in alphabetical and
chronological order as follows: last name of the
author, first name initial, year of publication
(lowercase, font size 12 pt, bold), following by
the full title of the reference, n ame of the jour-
nal or other source, journal’s volume, number, and
pagination of the paper.

Example:

Pinovi¢ J., Popovi¢ A., Spiri¢ A., Turubatovié L.,
Jira W., 2008. 16 EU prioritetnih policikli¢nih
aromati¢nih ugljovodonika (PAH jedinjenja)
u dimu drveta i dimljenoj prsuti. Tehnologija
mesa, 49, 5-6, 181—184.

JECFA, 2005. Joint FAO/WHO Expert Committee
on Food Additives. Summary and Conclusi-
on. Sixty-Fourth Meeting, Rome, 8-17 Febru-
ary, JECFA/64/SC. http://www.who.int/ipcs/
food/ jecfa/summaries/en/.

Morgan S. K., Daly C. C., Simmons N. J., John-
son N. V., Cummings T. L., 2008. The effect
of pre-slaughter events on the expression of
small heat shock proteins in the muscle. 54" In-
ternational Congress of Meat Science & Tech-
nology, Proceedings, General Speakers Sessi-
on, Electronic Copy, Cape Town, South Africa,
10%h-15% August.

Mottram S., 1994. Some aspects of the chemistry of
meat flavour, in: The flavour of meat and meat
products. Shahidi F., Ed. Blackie. Glasgow,
210-230.

Sekse C., O‘Sullivan K., Granum P. E., Rervik
L. M., Wasteson Y., Jorgensen H. J., 2009.
An outbrake of Escherichia coli O103:H25 —
bacteriological investigations and genotyping
of isolates from food. International Journal of
Food Microbiology, 133, 3, 259-264.

Sinonott M., 2008. Carbohydrate chemistry and bi-
ochemistry, structure and mechanism. RSC Pu-
blishing, UK, 23-28.

Zakon o bezbednosti hrane, 2009. Sluzbeni gla-
snik RS, br. 41/2009, 77-99.

Papers belonging to the category other than
original scientific papers can contain chapters titled
by choice of the author.

Papers are submitted by mail (on CD-ROM) or
by e-mail:

1. Institut za higijenu i tehnologiju mesa
— za Casopis ,,Tehnologija mesa“ —
Kacanskog 13, P. fah 33—49
11000 Beograd
Republika Srbija

2. e-mail: institut@inmesbgd.com

aurelija@inmesbgd.com

EDITORIAL BOARD
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