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PE3IOME

[veTtonosnte TpsbBa Aa nanonssart
doypaxHu pobaBku, CbabpXaly 6Mono-
TMYHO aKTUBHW BeLLecTBa, KOUTO [Onpu-
HacAT 3a MO-BUCOKOTO YCBOsIBaHe Ha
dypaxuTe, A06POTO (PYHKUMOHMpPaHE Ha
opraHusma 1 HeroBoTO 34paBe. XpaHu-
TenHute obaBky 3a AOMALLHU NTULM ce
M3Mon3BaT OT HAKOJIKO [AeceTunetvs u
TAXHaTa ePeKTMBHOCT Ce NpoBepsiBa Kak-
TO C NPOAYKTUBHOCTTA, Taka U OT TAxXHaTa
MKOHOMMYECKa NMPOM3BOAUTENHOCT, KOATO
Jokasa Teopusita. B momeHTa ynoTpe-
f6ata MM e Haco4YeHa KbM M3MOJSI3BAHETO
Ha €ecTeCTBEHW MpoAYKTW, KaTo efHo-
BPEMEHHO C ToBa ce efiMmMuHupaT 6uoso-
TMYHO aKTUBHW NPOAYKTU OT HeopraHuyeH
npousxon, LOPW ako TaxHaTa edekTus-
HOCT e 3HauuTesiHa. [MpoyyBaHusATa ca
Haco4YeHn KbM MK3C/efBaHe Ha Bb3feir-
CTBMETO OT MpunaraHe Ha 6uomaca oT
CTPENTOMULETH, N3MNO3BAHN B XPaHUTEST-
HaTa fdaxba, KaTo CTUMy/saTop Ha pac-
Texa C npobmuoTuyeH ediekT nNpu nuaeta
oT nopogata "/lomaH BpayH" cneuwanu-
3upaHa B MNPOM3BOACTBOTO Ha Aiua.
Job6aBkata Ha 6uomaca OT CTPenToOMu-

SUMMARY

Nutritionists need to use feed
additives containing biologically active
substances that contribute to higher
assimilation of feed, the good functioning
of the organism, and its health. In poultry
feeding feed additives have been used for
several decades and their efficiency has
been verified both by their performance
and by their economic efficiency that
proved the truth.

Currently, their use is directed towards
natural products, simultaneously eliminating
biologically active products of inorganic
origin, even if their efficiency is
considerable. The research was aimed at
investigating the effect of the administration
of streptomyces biomass, used as a
growth promoter with probiotic effect in
the nutrition recipes for the feeding of the
young poultry on the growth performance
of Lohman Brown chickens, specialized
for egg production.

Administration in the combined fodder
recipes of streptomyces biomass in the



uetn, B cboTHoweHne 0.1% B KOMOUHK-
paHuTe dypaxu, OGnaronpuATcTBa 3a
nosyyasaHe Ha MO-BUCOK npupacTt c
10.7% 1 No-HUCKa KOHCYMauust Ha qoypax
¢ 19.9% npw nunetarta OT onuTHarTa rpyna
B CpaBHEHWe C KoHTposara.

Kntouosu oymu: nunera,
cTpenTomMuueTn, NnpobuoTnun, HagaaBaHe
Ha Terno, cneumMdguyHa KoHCcymauus

YBO/,

B cBeToBeH malab, npoayktute ot
JOMallHM NTUUM ca 3aBOowBa/ii MHOro
BaXXHO MACTO cpef, XxpaHaTta OT XWBOTUH-
CKM npousxof, nopagu XpaHutesiHuTe Um
KayecTBa U HamasieHUTe pasxoau B cpas-
HeHue ¢ OpYyrn N3TOUYHULM HA XUBOTUHCKN
NPOTEVH, HO CbLIO Taka M nopajau Lmpo-
Kata rama oT npepaboTeHn NTU4M NPoaYyK-
TW, KOUTO Ca BWCOKO LiEHEHW OT CbBpe-
MEHHUTE xopa.

Tbii KaTO U3XpPaHBAHETO [AbPXU
rnaBHUA AA7 3a NPOM3BOACTBEHUTE pas-
Xoan B NTULEBBLACTBOTO, [AMETOO3UTE
uMaT 3ajavata fa HaMmepsAaT HOBU HauYnHU
3a ja rv HamasaT, ¢ uen ga ce nosuln
UKOHOMUYeckaTa eqeKTUBHOCT B TO3U
oTpacbi.

Mpe3 nocnegHuTe fAeceTunetus, B
CcBeTa ce npefnpuvemar Bce MnoBeve U3-
cnefBaHusa 3a M3N0N3BaHETo Ha 6uocTu-
MynupallM npoaykTu, 3a Aa ce yBenmun
pacTexbT, pasBuTUETO U NogobpssaHeTo
Ha npepaboTkara Ha dypaxuTte 3a nune-
Ta, KaKTo 1 fa ce 3anasu TAXHOTO 3jpa-
BOC/IOBHO CbCTOSIHUE W MOJlyyaBaHe BUCO-
KokayecTBeHu npoayktn (Toderash, 2000).

Ycunmdata noHacTosLemM ca Haco-
YEeHN KbM MoJlydaBaHe Ha Hai-ecTecTBe-
HUTEe NMPOAyKTW. BbB Bpb3ka C TOBA, HA-
KONKo fo6aBky ca npemaxHaTu OT nasa-
pa, BbMpekn 4ye TAXHATa WMKOHOMMYECKa
edpekTMBHOCT e 3HauuTenHa (Rastenishina
and Deliu, 2005).

HoBoTo nokoneHve fo6aBku, U3Nos-
3BaHW Npu XpaHeHeTo Ha [AOMallHW NTu-
LM, BK/OUBA CTMMYyNaTopy Ha pacTexa c
pacTuTesnieH nNpousxos, a HAKoW OT TAX ca
MUKpoOGUONormuyHn  npoayktn  (Burtsev,
1998; Usatyj, 2001).

proportion of 0.1% favored obtaining a
higher weight gain of 10.7 % and lower
specific consumption with 19.9 % in the
chickens from the experimental group,
compared to the chickens from the control
group.

Key words: chickens,
streptomyces biomass, probiotics, weight
gain, specific consumption

INTRODUCTION

Worldwide the poultry products
have gained a very important position
among the food of animal origin
consumed by humans due to its nutritional
qualities and reduced costs compared to
other sources of animal protein, but also
due to the wide range of processed
poultry  products that are highly
appreciated by modern humans.

Because nutrition holds the majority
share in the expenses of exploitation of
poultry farming, nutritionists are tasked
with finding new ways to reduce these
costs to increase the economic efficiency
in this zootechnical branch.

In recent decades more and more
research has been undertaken worldwide
on the use of biostimulatory products as
feedstuffs in order to increase the growth,
development and improvement of the
conversion of feed to chickens, as well as
to preserve their health condition and the
aim of obtaining high quality products
(Toderash, 2000).

Now, their use is directed to obtain
the most natural products. In this respect
a few additives have been removed from
the market even though their economic
efficiency is considerable (Rastenishina
and Deliu, 2005).

The new generation of additives
used in poultry nutrition includes growth
promoters that have a plant origin, and
some of them are microbiological
products (Burtsev, 1998; Usatyj, 2001).



Job6aBka oT 6Momaca CbC CTpPenTo-
MULIETN € C MUKPOBMONOrMYeH NPOn3xXog,.
T4 ce npomsBexaa B YC/10BMATA Ha Hala-
Ta peny6nuka. buomacara ce npousBex-
Ja OT NPOoKapuoTHW OpraHn3Mun C Xapak-
TEPUCTUKKN, NOAOOGHN HA MUKPOCKOMUYHW-
Te rL6u, KOMTO Npom3BeXaaT G1OMOrMYHO
aKTUBHM BelecTBa C OGakTepuungeH
ehekT, KOMTO Hamupar npuIOXKeHNE B
300TexHuueckus cektop (Burtsev et al.,
1994; Butrsev and Usatyj, 1996; Burtsev
et al., 1996).

MATEPVAT N METOON

W3cnepsaHeTo e 3anoyHaro, 3a ga
ce onpegenu edyekTMBHOCTTa Ha 6Groma-
cata OT CTpenTOMMUUETUM BBPXY pacTexa
Ha xnbpumaHu nuneta ot nopoga “/lomaH
6payH". V3cnepoBaresickuTe Lenu ca:

- yCTaHOBsABaHe Ha AuMHamukaTa Ha
TEeNecHoTo Terno npu nwiertara B
eKcrnepumeHTa,;

- yCTaHoBsIBaHe Ha CpefHOAHEBHNUSA
npupacT Ha nuaetaTa B eKCnepymMeHTa;

- onpegensHe Ha cneumduyHOTO
notpebneHve;

- HabnwogeHne Ha nogabpXaHeTo
Ha cTagoTo.

W3cnepgsaHuaTa npegnpuetu  no
OTHOLUEHMe Ha BNNAHMETO Ha 6uomacaTa
OT CTPEnTOMULETU BBLPXY pacTtexa Ha
nuneta ot nopoga "“/lomaH 6payH", cne-
UuanmsvpaHmn B NpOU3BOACTBOTO Ha Aliua,
ca opraHusvpaHn B nopeguua oT excrne-
pUMEHTU B pamKuTe Ha HayyHo-npaktu-
yeckn OMOTEXHOSIOTMYEH WHCTUTYT MO
300TEXHMKA N BETepUHapHa MeanumnHa.

BronornyHnaT marepuan e B3eT oT
nunetara OT MOCOYEHUs XxXubpug Ha
efHoAHeBHa Bb3pacT.

WN3cnepsaHeTo e NpoBefeHO BbPXY
50 nuneta ot xubpug "J/lomaH 6payH",
KOUTO ca pasnpefesieHn Ha cryyaeH
NpuHUMN B ABe napTnam ot no 25 nuieta.

VM3cnenBaHeTo Npoab/mokm 49 aHu.

3a fa ce ycTaHoBM ehekTUBHOCTTA
Ha pacTex, nunetata Ssa MOCTaBeHU Mo
rpynu B KNeTkn. MUKpOKIUMATLT U Xu-
TMEHHWUTE YC/IOBUSI Ca OCUIYPEHMW Cbrnac-

An additive of microbiological origin
is streptomyces biomass that is produced
under the conditions of our republic. The
biomass is produced by prokaryotic
organisms with characteristics similar to
microscopic  fungi, which  produce
biologically active substances and with
bactericidal effect that find their use in the
zootechnical sector (Burtsev et al., 1994;
Butrsev and Usatyj, 1996; Burtsev et al.,
1996).

MATERIAL AND METHODS

The study was initiated to
determine the efficiency of streptomyces
biomass administration on the growth
performance of Lohman Brown hybrid
chickens, and as research objectives
were:

- establishing the dynamics of body
weight in the chickens in the experiment;

- establishing the average daily
increase in the chicks in the experiment;

- determining the specific
consumption;

- monitoring the maintenance of the
herd.

The researches undertaken
regarding the influence of the
streptomycete biomass on the growth
performance of the commercial chicken
Lohman Brown specialized in egg
production were organized in a series of
experiments within the Scientific and
Practical Institute of Biotechnologies in
Zootechnics and Veterinary Medicine.

The biological material that was
worked on was represented by the chickens
of the nominated hybrid one day old.

The research was carried out on a
lot of 50 chickens of the Lohman Brown
commercial hybrid, which were randomly
distributed in two batches of 25 chickens
each.

The research duration lasted 49 days.

In order to establish the growth
performance were created conditions by
which the chickens were placed in batteries
with cages. The microclimate and hygienic



HO npaBwnaTta, npeaBuaeHV 3a Tasu
Kateropuss 1 Bb3MOXHO Hal-651130 [0
HOpMasTHUTe YC/I0BUS Ha ekcnioarauus B
nTUUeBbOAHUTE hepMu.

Pa3npepeneHneto Ha (ypaxa ce
M3BBbPLIN PBYHO M BOJaTa ce nojasa B
CbA0BE C NOCTOSAHHO HUBO.

MbpBUYHUTE AAHHWU, MOAYYEHWU OT
NpoBeAEHOTO U3cneABaHe, ca obpaboTe-
HM 4ype3 CcTaTUCTMYEeCKU MeToaW, u4pes
€/IEeKTPOHHO M34YUCNIEHNE C OonpegensiHe
Ha KpUTEPUS 3a aBTEHTMYHOCT.

M3cnegBaHeTo e WM3BBLPLIEHO MO
cnegHuns HaumH (Tabnuua 1).

Tabnumuya 1. EKcnepMeHTasiHa cxema
Table 1. Experience scheme

conditions were ensured according to the
rules provided for this category and as
close as possible to the normal conditions
of exploitation in the poultry units.

The feed distribution was done
manually and the water was supplied in
vessels with a constant level.

The primary data obtained from the
research carried out were processed by
biostatistical methods using the electronic
calculation application with the
determination of the criterion of authenticity.

The research was build according
to the following scheme (Table 1).

Bp. rnasu
Ipynu BuonornyeH matepuan PypaxkHa xapaxkrepucTmka
: . - Number of ) A
Batches Biological material heads Feeding characteristics
KoHTposHa Muneta Ha 1 aeH o5 KoMb6uHupaH dhypax
Control group chickens 1 day old Combined feed (CF)
EkcnepvmeHTauiHa Muneta Ha 1 geH CF + 0,1% cTtpentomumuet
; . 25 )
Experimental group chickens 1 day old streptomyces biomass

HvBaTa Ha eHeprus v nNpoTenHV B
peuenTuTe 3a KOMOUHMPaHU ypaxu, npe-
[OCTaBSIHM Ha Wu3cnejBaHUTe nuieTa ce
pasnuyaBaT B 3aBMCUMOCT OT Bb3pacTTa.

Ha nunetarta e gageH KombuHupaH
doypax, KOWTO 3a70BOMISIBA HYXAUTE UM
OT eHeprus n NPOTEeUHN, KakTo 1 OT Apyrn
XpaHWUTe THK BelLlecTBa, Cnopes Bb3pacTTa.

CTpykTypata Ha peuentute 3a
XpaHeHe Ha nuneTarta B eKcrnepumeHTa ca
npegcraseHu B Tabnvum 2 u 3.

The energy and protein levels of
the combined feed recipes provided to the
studied chickens were also different
according to age.

The chickens were given combined
feed recipes that provided their energy
and protein needs, as well as the other
nutrients, according to age.

The structure of recipes for the
feeding of the chickens in the experiment
is presented in Tables 2 and 3.

Tabnuua 2. XpaHuTesiHa CXema 1 CTOMHOCT Ha pelenTaTta B ekcriepymMeHTa (0-21 AHN)

Table 2. Nutritive structure and value of the

recipe from experiment (0-21 days)

XapakTtepucTuka/Specification

MpoueHTHO yyacTtume/Inclusion rate %

Llapesnua/Corn 53,2
Muwexnua/Wheat 10,0
CnbHYornenos wpot/Sunflower groats 2,0
CoeB WpoT/Soy groats 27
Pu6Ho 6patuHo/Fish flour 3,0
MasHuHw/Fat 1,0
Cwmecka/Premix 2,0
MoHokanuues pocchat/Monocalcium
1,8
phosphate

O6wWwo/TOTAL 100

ME, kcal / kg feed 2835

Cypos npoteunH/Crude protein,% 214
Llenynosa/Cellulose,% 2,9




Tabnuua 3. XpaHuTesiHa cxema U CTOMHOCT Ha peuenTaTta B ekcriepumeHTa (22-49

days)

Table 3. Nutritive structure and value of the recipe from experiment (22-49 days)

XapakTtepucTuka/Specification

MpoueHTHO yyacTtume/Inclusion rate %

Llapesuua/Corn 48,0
Muwennya/Wheat 20,0
CnbHyornegos wpot/Sunflower groats 4,0
CoeB WpoT/Soy groats 20,0
Pu6Ho 6patuHo/Fish flour 3,0
MaszHuHu/Fat 1,0
Cwmecku/Premix 2,0
MoHokanumes thocgot/Monocalcium 20
phosphate '

O6wWo/TOTAL 100

ME, kcal / kg feed 2692

CypoB npoteunH/Crude protein,% 19,3
Llenynosa/Cellulose,% 3,2

PE3YJITATU N OBCBXXOAHE
EfHa OT OCHOBHUTE LENM Ha W3-
creflBaHuATa € noJo6psBaHeTo Ha Te-
NIECHOTO TEerf0 Ha nuietata, KoeTo no-
kasBa CTeneHTa Ha pas3BuTME Ha nuse-
Tata v e B Kopenauus ¢ KoJIM4ecTBOTO U
KauecTBOTO Ha NPUNOXEHNTE oypaku.

JvHamMmukaTa B TENIecHOTO TEr/o e
no-ronsMa npu nwuieta, Ha KOUTO €
fafjeHa 6uomaca OT CTPENTOMULETV W
HeiHOTO pasBuTKE e NnokasaHo Ha durypa
1.

PR

Control group,g

RESULTS AND DISCUSSION

One of the basic objectives of the
investigations is the evolution of the body
weight of the chickens in the experiment,
which indicates the degree of development
of the chickens and is in correlation with the
quantity and quality of the administered
feeds.

What is related to the dynamics of
body weight has been established that these
were larger in the experimental group of
chickens that are given biomass of
streptomyces and its evolution is shown in
Figure 1.

= 1 day ® 15 days 30days ® 49 days
540,2 598,1
296, 34
120,48 1368

£

Experimental group,g

dwur. 1. MNokauBaHe Ha TeNIECHOTO TErn0 Ha NuseTaTa B eKCrnepruMeHTa
Fig. 1. Evolution of the body weight of the chickens in the experiment



OT paHHuTe, npefcTtaBeHn Ha du-
rypara no-rope, n B pesynrar Ha nperer-
NIAHETO Ha nunetata B KOHTpoO/siHaTa u
eKcrepumeHTasiHata rpyna ce yctaHOBW,
ye TEeNIeCHOTO TEersi0 ce MPOMEHA Mo
pasnvyeH HauiH W B ABeTe TPynu.
TenecHoto Tersio Ha nunetara OT KOH-
TponHata rpyna Ha 15, 30 n Ha 49 gHu,
CboTBeTHO e 120.4 g, 296.3 g n 540.2 g.
Mpu nunetata OT eKcnepumeHTasHaTa
rpyna, TesieCHOTO Tersio Ha 15 gHu e
136.1 g, Ha 30 gHun e 349.9 g, a Ha 49 aHK
TenecHorto Terno goctura 598.1 g.

MokasaTen, KOWTO  3HAUYNTENHO
B/Msie BbpPXy eeKTUBHOCTTA B OTI/IEX-
JaHeTo Ha nuneTta, € KoHcymauuaTa Ha
hypax, KOSATO CbLLO € OLeHeHa No pas/u-
YeH Hau4uH B nepuoja Ha u3cnefBaHuATa,
a CTOMHOCTMTE My Ca noKasaHW Ha
®urypa 2.

B 2

Control group
cumulative/ head

Control group
g/day/head

From the data presented in the
figure above, and as a result of weighing
the chickens in the control and
experimental groups, it was established
that body weight evolved differently in
both groups. Thus, the body weight of the
chickens from the control group
constituted at 15, at 30 and at 49 days,
respectively 120.4 g, 296.3 g and 540.2 g.
In the chickens from the experimental
group, the body weight at 15 days was
136.1 g, at 30 days it was 349.9 g, and at
49 days the body weight reached 598.1 g.

An indicator that significantly
influences the efficiency of the grows of
chickens is the consumption of feed,
which also evaluated differently during the
investigations, and its values are shown in
Figure 2.

W 15days m30days 49 days
20294
: 1815,7
954,0

56,6 850,5

432 = 50,8 )

' — i
g 37,8 R

— 2
Ay

Experimental
group
g/day/head

Experimental
group
cumulative/ day

dur. 2. MpomMsiHa B KOHCyMaLuMsATa Ha doypaxun Npy nuseTara B eKcnepumMmeHTa
Fig. 2. Evolution of feed consumption of chickens in the experiment

Pesyntatute, npeacraBeHn Ha
Tasn durypa, nokasear, 4e CpPefHUAT
[OHEeBeH npuveM Ha doypax npu nuneta oT
KOHTpO/IHaTa rpyna Ha Bb3pacT oT 15 aHu
e 20.4 g, Ha 30 gHn e 43.2 g, a Ha 49 gHu
e 56.6 g. B ekcnepumeHTanHara rpyna,

The results presented in this figure
show that the average of daily feed intake
in the chickens from the control group at
15 days constituted 20.4 g, at 30 days it
was 43.2 g, and at 49 days it amounted to
56.6 g. In the same context, in the chickens
from the experimental group at 15, 30 and



npu nuneta Ha Bb3pacT ot 15, 30 n 49
OHW, cpefHaTa [HeBHa KOHCymauus Ha
dypax e cboTBeTHO 18.9 g, 37.8 g n 50.8
g. 3a u3cnegsaHua nepuog, nunetara ot
KOHTpOsiHaTa rpyna koHcymupar 2029.4 g
dypax, [oKaTto Te3n OT eKcnepumeH-
TanHata rpyna KoHcymupar camo 1815.7
g thypax, KoeTo npeacTas/isiBa NO-HUCHK
pasxopf Ha dpypax ¢ 10.5% B cpaBHeHue ¢
KOHTpOJIHaTa rpyna.

Bb3 ocHoBa Ha pesynratute,
npeicraBeHW Mo-rope, ca M34nUCNeHn
Opyrn nokasartenu 3a u3cnegsaHeTo, U
o6WwuMTe pesynTaTu OT nscnenBaHvsaTa ca
npeacTtaseHun no-gony (Taénuuya 4).

49 days, the average daily feed
consumption was 18.9 g, 37.8 g and 50.8
g, respectively. Cumulated for the
investigated period, the chickens from the
control group consumed 2029.4 g of feed,
while the chickens from the experimental
group consumed only 1815.7 g of feed,
which represents a lower feed consumption
with 10.5% comparatively to the control
group.

Based on the results presented
above, the other indices proposed for the
research were determined and the
totalized results of the investigations are
presented below (Table 4).

Tabnuua 4. Pe3yntatu OT XpaHUTe/IHUs NMpueM Ha 6romaca OT CTPenToOMMLUETV B

MUAeLKN oypadk 3a KOKOLLKMN

Table 4. Results of the feeding of streptomyces biomass in the chicken feed for hens

[HeseH PbcT Ha
No TenecHo Terno Ha 49 gHu HOVDACT notpebnexHve %
Body weight at age 49 pvp Specific
rpynay pynu/Batches days Daily boost consumption ekennoarauus
Nr. of
rate .
gr. % maintenance
g g % kg %
1 KoHTponHa/Control group 540,2+ 5,1 100 10,0 | 100 | 4,13 | 100 100
2 E"C”Ep”“"e”Tg‘r’;ﬁ Experimental soq 14 60¢ | 1107 | 11,2 |112,0/ 331 | 80,1 100

Bb3 ocHoBa Ha gaHHWTe, npeacTa-
BeHV B Tabnuuara no-rope, MOXxe Ja ce
HanpaBu 3ak/loveHue, Ye nunetara oT
ekcnepuMeHTasnHara rpyna orumrtaTr pas-
nunka ot noc 10.7% B TesiecHo Terno B
CpaBHeHWe C nunetara OT KOHTposiHaTa
rpyna.

OcBeH TOBa, CpefHOAHEBHUA Mpu-
pacT Ha nunetara OT eKCrnepuMeHTasHa-
Ta rpyna e ¢ 12.0% noBeye B cpaBHeHue
C nuneTaTa OT KOHTpoHaTa rpyna.

Pesyntatute o1 wu3cneaBaHusATa
nokaseart, ye pypaxute ce KoHcymupar
no-epekTUBHO OT nuieTara OT ekcnepwu-
MeHTanHata rpyna, npu KouTo MokKasa-
Tenute 3a cneunuyHoTo noTpebrieHne
ca no-Hucku ¢ 19.9% B cpaBHeHue C Te3un
OT KOHTpOJIHaTa rpyna.

Based on the data presented in the
table above, we can mention that the
chickens from the experimental group
recorded a difference of plus 10.7% in
body weight compared to the chickens
from the control group.

We can also mention that the
average daily increase in the chickens
from the experimental group was 12.0%
higher, compared to the chicks from the
control group.

The results of the investigations
show that the feed was consumed more
efficiently by the chickens from the
experimental group, in which the indices
of specific consumption was lower with
19.9% compared to the chickens from the
control group.



n3BOAU

Bb3 ocHoBa Ha pesynrarure oOT
uscneflBaHusATa ca HanpaseHu peauua
3akno4veHmns, 0606LLeHn No-a0ny:

1. Tlwunetata OT eKcnepvMmeHTa
pearMpar 3HauMTENHO Ha XpaHuTeneH
pexuMm c 6uomaca OT CTPenToMUUETH,
KOATO yBenMyaBa edqieKkTMBHOCTTa Ha
pactexa W CblLlEeBpPEMEHHO MNOHWXaBa
KOHCyMauumaTa Ha dypax, KoeTo TpsibBa
[a ce B3eMe npeasug oT NTULEBBLANUTE;

2. MNunetarta B ekcnepumMeHTa He ca
nonagann B CTPEcCoOBW cuUTyauum u ce
afantupatr nobpe KbM  npuaaraHus
npenapar;

3. MpunaraHeTto Ha 6uomaca oOT
cTpenTomMuueTn B KOMOUHUpaHuTe dypa-
Xn 6naronpuaTcTBa 3a nosiydyaBaHe Ha
no-BMcok npupact ¢ 10.7%, a KoHcyma-
umsaTa Ha oypax e no-Hucka ¢ 19.9% npwu
nunertara OT eKCrepuMeHTasiHaTa rpyna B
CpaBHeHWe € Te3u OT KOHTpOsIHaTa rpyna.

CONCLUSIONS

On the basis of the results of the
investigations were drawn a number of
conclusions the summary of which is
presented below:

1. The chickens from the experiment
responded significantly to the inclusion in
the nutrition recipes of the streptomyces bio-
mass, by increasing the growth performance
while decreasing the consumption of feed,
which needs to be taken into consideration
by the poultry farmers;

2. The chickens in the experiment
did not present stressful situations and
are adapting well to the administered
preparation;

3. The administration in the combined
feed recipe of the streptomyces biomass
favored a higher weight gain by 10.7%
and a specific consumption lower by
19.9% in the chickens of the experimental
group compared to the chickens of the
control group.
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PE3OME

TpagvuroHHata HageHuua B Kocoso
Ce npuroTes camoO OT rOBEXA0 Meco C
pobaBka Ha cOn, 4yepeH nunep, NyK U
ecTecTBeHa 06BMBKa OT roBexam 4yepsa.
He cbabpxa cnensaliy BellecTsa, Nbii-
HuTenn n pobaekn. HageHuuara e nogat-
nMBa MuLleHa 3a danwumdurkauusa ¢ vac-
TMYHaTa 3amMsHa Ha roBexgoTo Meco C
no-eBTMHW Meca. Llenta Ha HacTOALLOTO
uscnegBaHe € ga ce yCTaHOBM hasiu-
mkaumsaTa Ha TpaguumoHHaTa HageHuua
ype3 nsnonssaHe Ha PCR B peasiHO Bpe-
Me 1 onpefenisiHe Ha MaCTHO-KUCETUHHUA
npochna ¢ macoBa CNeKTPOMETPUs Ha ra-
30Ba xpomarorpacua (GC-MS). MopbpaHn
ca ABajecet 1 ABa BMAa HaZleHULM OT UH-
OyCTprasiHn U Masiku Npov3BOANUTENM, C ETU-
KeT nocousalll, Ye CbAbpXaT camo TereLl-
KO, AUPEKTHO OT NPOM3BOACTBEHNTE 0OEKTY.
Mpobute ca npepocTaBeHn Ha Jslaboparo-
pvs No BeTepuHapHa ekcnepTusa U Xpa-
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SUMMARY

Traditional sausage in Kosovo is
made only from beef ground meat with
addition of salt, pepper, onions and
natural bovine intestine casing. It does not
contain binders, fillers and extenders.
Sausage is a susceptible target for
fraudulent adulteration with the partial
replacement of beef meat with cheaper
meats. The aim of the present study was
to identify meat species adulteration of
traditional sausage by using real-time
PCR and by determination of the fatty
acid profile with Gas chromatography-
mass spectrometry (GC-MS).

Twenty-two sausages labelled as only
beef were collected from industrial and
small scale producers directly at the
production site during September 2019
and submitted to the Kosovo Food and
Veterinary Laboratory. Calibration curve



HuTe. Kannbpupawarta kpuea Ha GC-MS
MeToAa 3a /IMHO/I0Ba U CTeapuHOBA KUCE -
Ha ce M3BbpLUBaA Ype3 CMecBaHe Ha CMJISIHO
rosexao meco c 1, 10, 20, 30, 40, 50, 60, 70
1 80% nunewko 06e3Kk0CTEHO MeCO.

Bcuukm npobu ca otpuuatenHm npm
PCR B peasiHO Bpeme 3a CBUHCKO MeCo "
Meco OT KOH/Marape. TpuHageceT oT 22
npobu (59%) ca NONOXUTENHM 3a NuneLl-
katra AHK npun PCR B peasiHO Bpeme, HO
camo 3 nNpobu HagBMLWwaBaT rpaHmuarta 3a
KOIMYECTBEHO onpejensHe Ha JIMHOMoBa
KncenuHa 3a nunewko meco ypes GC/MS,
KaTto MHAMKauusa 3a CbLecTBeHo hasu-
ouuupaHe. Bb3 ocHoBa Ha odumnantHm
NpoBEepKN, BCUYKM Npou3BoauTENIM Ha 13
NnosIoXNUTEsTHN NPOo6K NpepaboTeaT NUeLLKN
NPOAYKTU B €4HMN 1 CbLUY MECHU habpuKm.

HacTtoswoTo npoyyBaHe, 6a3upaHo
Ha cunHo uvysctBuTeneH PCR metog wu
npochna Ha MacTHUTE KUCENUHWU n3cnen-
BaHu ype3 GC-MS, nokasea, 4ye hanwu-
uuMpaHeTo Ha TpaauLMOHHUTE KOCOB-
CKNU Konbacum C MUEeLKo Meco e 4ecTo
cpelwjaHo, HO B MOBEYETO Cc/iyyam TOBa
MOXe fa 6bAe HexenaHa/MHUuAeHTHa
hanwmndpukauna nopaau npepaboTkaTa
Ha NUMEeLWKo N roBexao Meco B efHU "
CblUM MecHU npepaboTBaTenHu habpuku.

Knrouosu aymu: Kocoscka
HageHuua, nunewkn npumecu, PCR, GC-
MS, nuHonoBa KucesnmHa

YBO/[,

TPagMUMOHHNAT 3aHasATUMIACKN KO-
6ac ,cympKyk® B KocoBo ce npoussexpna
€[MHCTBEHO OT roBEXA0 MEeco C gobaska
Ha CbCTaBKM kaTo cos, Asienno nuinep u
NyK, B ecTecTBeHa 0OBMBKa OT rOBEXAU
yepBa. He cbabpxa crnenBawy Beljec-
TBa, Mb/HUTENN 1 fob6aBku. OnywBa ce B
NYLWWHSA OT efHa HOLW, 40 HSIKOSIKO OHW.
OO6WKHOBEHO He CbAbpXa Meco OT ApYyru
BnaoBe. Hakom apebHu cemeiriHn chmpmmn
HaCKopo ce pasBuxa B rosiemu npou3Bo-
OVUTeNnn Ha TpaguumMoHHM konbacu. Bb3-
[JelicTBMeTO Ha nasapHaTa KOHKYpPEeHTO-
CMOCOBHOCT BbPXY KOCOBCKaTa MecHa
NMPOMMLU/IEHOCT, 3acW/M HaTucka BbPXY
LeHaTa 1 BNoc/eACcTBME Ce 0Tpasn BbpPXY
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of GC-MS method for linoleic and stearic
acid is done by mixing beef ground meat
with 7, 10, 20, 30, 50, 70 and 80% of
chicken MDM.

All samples were negative on Real-
time PCR for pork and horse/donkey.
Thirteen out 22 samples (59%) were
positive for chicken DNA on real-time
PCR, but only 3 samples exceeded the
quantification limit of linoleic acid for
chicken meat on GC/MS, as an indication
of substantial adulteration.

Based on official inspections, all
producers of 13 positive samples process
chicken products in the same meat plants.

Present study, based on highly
sensitive PCR method and fatty acid
profle by GC-MS, indicates that
adulteration  of traditional  Kosovar
sausages with chicken is common, but
most commonly it could be
unwanted/incidental adulteration due to
the processing of chicken and beef meat
in the same meat plants.

Key words: Kosovar sausage,
chicken adulteration, PCR, GC-MS,
linoleic acid

INTRODUCTION

Traditional artisanal sausage

“suxhuk” in Kosovo is manufactured solely
form the beef ground meat with addition of
ingredients such as salt, Aleppo-style
pepper and onions, in natural casing
using bovine intestine. It does not contain
binders, fillers and extenders. It is smoked
in smokehouse depending from overnight
to several days. Usually it does not
contain meat from any other species.
Some artisanal small-scale  family
businesses recently evolved on large-
scale producers of traditional sausages.
The impact of market competitiveness on
Kosovo meat industry increased pressure
on price and subsequently taking toll on



KauyecTBOTO. MNpepaboTeHnTe MecHU npo-
OyKTW ca 06eKT Ha u3Mama npu eTuku-
paHeTo. MNpogaxbaTta Ha No-eBTUHW Meca,
Karto 4aCTUYHWU WU NbAHWU 3aMecTuTesnu
Ha TakMBa C BWCOKa CTOMHOCT, KaTo
Hanpumep 3amMecTBaHe WM CMecBaHe Ha
roBexgoTo Meco C MO-eBTMHO CBUWHCKO,
KOHCKO WX NUNELLKO 06e3KOCTEHO Meco
KaTo OCHOBa 3a NUMELLKMA caslaM € MHOTo
pasnpoctpaHeHa (FSAIl, March 2013;
Pinto et al., 2015; Keyvan et al., 2017; Al-
Qassab et al., 2019). MorpelHOTO eTuke-
TMpaHe e caHKUMOHMpaHO OT HauuoHasl-
HUTe Hapenby Ha Kocoeo 3a eTukeTupa-
He, NpefcTaBsaHe U peknamMa u XxpaHurten-
HU npoaykTn - (MTI) - Ne 09/2013 (MuHuc-
TEPCTBO Ha TbProBuATa W MNPOMMULLIIE-
HOCTTa, 2013 T.), KaKTO 1 OT eBponeinckus
pernameHT (eu) Ne 1169/2011 Ha EBpo-
neiickusi napnameHT n Ha CbBeTa oT 25
oktomBpy 2011 r. (EUROPEAN, 2011.).
OcBeH ymuLneHo canwnduumpaHe, UHLM-
OEHTHOTO dhanwmdumumpaHe no XxpaHu-
TenHata Bepura CbWO nNpeacTasnsasa
BaXEH BbLMNPOC, KONTO TpsibBa ga Obae
pasrnegaH. MHoro ot ApebHUTe NpPoun3Bo-
AvTenun Ha TpaguuMoHHK Konbacu npous-
BeXJaT CbLUO NWELKM canam Wi cme-
CEHU roBexau NueLwkn NpoaykTn. Hakom
npou3BoguTeNy HAMAaT OTAENHU NINHUN U
n3non3saTr €4HW U CbLU MOMELLEHNA U
obopyasaHe. ToBa MOxe fa foBefe [0
LKPBbCTOCAHO 3aMbpcsaBaHe“ C MueLKo
Meco Ha NpoAaykTu, o60o3HayeHn Kato ca-
MO rosexan. CrefoBaTteniHo MMa Hyxaa
OT KOMIMYECTBEH aHauns, 3a fa ce Hanpa-
BV pas/ivka Mexay YMULLSIEHO U HEBOJIHO
noanpassHe nopagy TEXHONIOTUYHW TpeLL-
ku. MpunaraHeTo Ha pasnopeg6ute 3a
eTuKeTUpaHe M3UCKBa HafexXAHW aHau-
TUYHN MeToAun. KayecTBEHOTO OTKpMBaHe
Ha HejeknapupaHo Meco B MPoAyKTuTe e
CpaBHUTESNIHO JIECHO Ype3 U3Mosi3BaHe Ha
pasfiMyHM MEeToAM Kato MUTOXOHZpUasiHa
unnm reHomHa AHK wnn aHanus Ha OHK
6uoumn (Ballin et al., 2009; Iwobi et al.,
2011; Gecaj et al., 2018), KoeTo NO3BOSISA-
Ba efHoOBpemMeHHa 06paboTka Ha MHOro
MECHW MPOAYKTU, C MHOIO HUCKa rpaHuua
Ha OTKpvBaHe, 06uKHOBeHO nog 0,01%.
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quality. Processed-meat products are
highly susceptible targets for economically
motivated fraudulent labelling. Selling
cheaper meats as partial or total
replacements for high-value ones, such
as replacement/mixing of beef meat with
cheaper pork, horse or chicken
mechanically deboned meat (MDM) as
basis for chicken salami has been very
common (FSAI, March 2013; Pinto et al.,
2015; Keyvan et al., 2017; Al-Qassab et
al., 2019). Mislabelling is sanctioned by
the Kosovo national regulation on
labelling, presentation and advertising and
food products - (MTI) - No. 09/2013
(Ministry of Trade and Industry, 2013), as
well as European regulation (eu) no
1169/2011 of the European Parliament
and of the Council of 25 October 2011
(EUROPEAN, 2011).

Besides intentional adulteration, incidental

adulteration along the food chain
represents an important issue to be
addressed. Many of  small-scale

producers of traditional sausage produce
also chicken salami or mixed beef chicken
products. Some producers do not have
separate lines and they use the same
premises and equipment.

This may result in “cross-contamination”
of products labelled as only beef with
chicken. Therefore, there is a need for
guantitative analysis in order to discriminate
between intentional and unintentional
adulteration due to the technological
mistakes. Enforcement of labelling
regulations requires reliable analytical
methods.

Qualitative detection of undeclared meat
in products is relatively straightforward by
using different methods like mitochondrial
or genomic DNA, or DNA biochip analysis
(Ballin et al.,, 2009; Iwobi et al., 2011;
Gecaj et al., 2018) that allows simultaneous
processing of many meat products, with
very low limit of detection, usually below
0.01%. These methods have considerable



Te3n meToan MMaT 3HaYuTeNHU npeavm-
CTBa B CpaBHeHWe ¢ Apyru, 6asvpaHn Ha
NPOTENHOBW (ppakumn, KaTo Hanpumep
XpomaTorpagyckm 1 UMyHONOTUYHU TEXHU-
kn (Vallejo-Cordoba et al., 2005; Kumaret
al., 2013; Alikord, et al., 2017). imyHono-
rTMYHUTE METOAM Ce OCHOBAaBaT Ha aHTu-
Tena, wM3npasBeHV CcpeLly YCTONYMBM Ha
TON/IMHA, cneunduyuHn 3a BMAa, CBbp3a-
HU C MycKynuTe rnukonpoTeuHn (ELISA),
Makap M C HefocTaTbUWM MO OTHOLIEHWE
Ha npobute C HerogHa XpaHa, B KOWUTO
OHK hparmeHTuTE BCE owe morat ga
6baaT HagexaHo amnaudmumpadun. Konu-
4ecTBEHOTO onpejensHe npu obcrTosaTen-
CTBa, NPV KOUTO HEN3BECTHUN MECHU YacTu
ce wm3nonsear B npepaboTeHn meca e
npeanssmkaTencTso. NoBevyeTo TEXHUKH,
6asunpaHn Ha AHK, ca kavyecTtBeHun. Konu-
4YeCTBEHOTO OMnpefensiHe Bb3 OCHOBA Ha
MuTOoXoHApuanHa [OHK e HeHagexaHo
nopagn Bucokata Bapuauus, cneumduny-
Ha 3a TbKaHWTe, HO € OonucaH Kosimyec-
TBEH aHa/u3 Ha reHoma Ha pas/inyHu
BMAOBE B MECOTO 4pe3 KankoBo-LudpoB
PCR, 6a3upaH Ha reHomHa [AHK (Floren
et al., 2015). Kato antepHatuBa e onpe-
JeneH npoduna Ha MacTHUTE KUCENMHU
OT pas3/IyHU BMA0BE XXUBOTUHCKN MasHU-
HM Bb3 OocHOBa Ha GC-MS metog. CboT-
HOLLEHNETO MexJAy /IMHOMoBa N cTeapu-
HOBa KMWCENVHA € eAVH OT HaW-BaXHuTe
rnokasaTenu 3a cmeckara OT NUJIELLKO Y
ropexao meco (Frank et al., 2002; Pop et
al.,, 2010; Ahmad Nizar et al., 2013;
Guntarti et al., 2019).

Llenta Ha HacTosLLEeTO npoy4yBaHe
e [a ce u3cnegsa BbLMPOCHT 3a YMULL-
NIEHOTO N HEBOJIHO MOAnpaBsiHe Ha Tpa-
OVLMOHHWUTE KOCOBCKM Kosibacu no OTHO-
LIeHVe Ha HenpaBWU/IHOTO eTWKeTUpaHe,
Karo ce wu3nonssaT efHOBPEMEHHO [Ba
MeToga, KadectBeH aHam3 4ype3 PCR B
peaniHo BpeMe 1 onpejesisHe Ha npodgu-
na Ha MacTHuTe KucenunHun ypes GC-MS.

MATEPWNAN N METO4WA

B3emaHe Ha npobu

[BageceT n gBe npobu oT 7 nHayc-
TpUasH1 NPou3BoAMTENN ca cbbpaHn au-
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advantages compared to methods based
on protein fractions like electrophoretic,
chromatographic and  immunological
techniques (Vallejo-Cordoba et al., 2005;
Kumaret al., 2013; Alikord, et al., 2017).

Immunological methods are based on
antibodies raised against heat-resistant,
species-specific, muscle-related glycol-
proteins (ELISA), albeit with shortcomings
with regard to often highly denatured food
samples in which DNA fragments may still
be reliably amplified.

Quantification under circumstances were
unknown meat parts are used in
processed meats is challenging. Most
DNA based techniques are qualitative.

Quantification based on mtDNA is unreliable
due to the high tissue-specific variation,
but genome/genome quantitative analysis
of different species in meat using droplet
digital PCR based on genomic DNA has
been described (Floren et al., 2015).

Alternatively, determination of fatty acid
profile from animal fat from different
species based on GC-MS method has
been used. The ratio between linoleic and
stearic acid is one of the most important
indicators of chicken-beef composition
(Frank et al., 2002; Pop et al.,, 2010;
Ahmad Nizar et al., 2013; Guntarti et al.,
2019).

The aim of this study is to elaborate
the issue of intentional and unintentional
adulteration in traditional Kosovan
sausage with regard to mislabelling by
using simultaneously two methods,
qualitative analysis by real-time PCR and
determination of fatty acid profile by GC-
MS.

MATERIAL AND METHODS

Sampling
Twenty-two  samples from 7
industrial  producers were collected



PEKTHO Ha Mpou3BoACTBeHarTa nioLaaka
UM Ha nasapa oT KOMMETEHTHUTE HaLuo-
Has/IHW opraHu Ha cTpaHara npes asrycT u
centemspu 2019 r. n ca npegageHn Ha
KocoBckata BeTepuHapHa U XpaHuTesHa
na6opartopus (KFVL) 3a TecTBaHe. Bcuu-
K/ Te3n MpoayKTh ca eTUKETUPaHU Kato
roBexgo Meco. HanmumeTo Ha nuneLuko
BELEeCTBO He e [JeknapupaHo B HUTO
efivH oT Tax. OcBeH ToBa ca cbbpaHu 7
npo6u oT TpaauUMOHHM Konbacu oT Mma-
JTbK ceMeeH 6usHec. Masikute npeanpus-
TMA npou3Bexaar Maslko KOJIMYEeCTBO
Konbéacv No TpPaguLMOHHM MEeToAM camo C
roBexao meco n 6e3 ga ce npepaborsa
NnUIeLwKoO Meco B TEXHUTE LiexoBe. Bcsaka
npoba, cbabpxawa 250 g, ce pasgens Ha
[Be 4acTu, 3a MOJIEKYNIAPHO U XUMWYHO
TecTBaHe. Npobute ce gbpxar npu 4°C o
Nno-HaTaTbLIHO TecTBaHe. Bcuukn nometue-
HMS Ha NPOM3BOAMTENNTE Ca UHCMEKTUPaHu
OT ohMLMasTHN BETEPUHAPHN MHCNEKTOPN.

Cefem nNpobu OT TPagWUMOHHWU KOJ-
6acu oT MaNbK CeEMeeH Bu3Hec, TecTBaHu
KaTo oTpuuaTesiHM 3a NUIELLKO BELLEeCTBO
ype3 PCR B peasiHO Bpeme, ca U3Nosi3BaHun
KaTo Tefnelka cybcTaHums 3a cMecBaHe ¢
MUIeLWwKo 06e3KOCTEHO MEeCO B Pas/IMyHU
nponopumn 3a sBanngupaHe Ha MetToguTe,
KakTo e nokasaHo B Tabnuua 2 n durypm
1n2.

PCR B peasiHO Bpeme

OHK ekcTtpakumAta ce u3BbpLUBA
ype3 DNeay Mericon Food Kit Qiagen®,
KONTO 13non3sa moamguuupaH MeTos Ha
eKcTpakuma Ha UeTUITPUMETUIaMOHNEB
6pomung (CTAB). EkcTpakumsTa (C 1U3knto-
yeHne Ha BanvaupawmuTe npobu) ce us-
BbpLlUBa CbIIACHO CTaHAAPTHWS MPOTOKO/
Ha npousBogutensa (200 mg). M3xogHo
Konnuectso ot 200 mg npoba e u3nosn-
3BaHO B ay6nunpaHu Eppendorf enpyBeTku
3a fja ce noJsy4n AoCTaTbyHO KOJIMYECTBO
cynepHartaHT. BbB BCsKa enpyseTka 3a
MUKpPOLLEHTpodyra ce Aob6aBAT No egHo
3bpPHO OT HepbXxgaema ctomaHa u 1 ml
TLA 6ydhep. MNpobute ca pasTbpCceHn oT
TissuLyser Il Qiagen®, 30 TpenTeHus/cek
3a 30 cekyHau. 3a BanuanpaHe Ha npobu,
CMeCBaHeTO Cce U3BbPLUM B OTAENHA cpeja
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directly at the production site or in the
market by the country’s competent
national authorities during August and
September 2019 and submitted to the
Kosovo Food and veterinary Laboratory
(KFVL) for testing. All these products
were labelled as a beef. The presence of
chicken matter was not declared in any of
these products. Additionally 7 samples of
traditional sausages from small family
businesses were collected.

These small businesses produce small
amount of sausage based on traditional
methods with only beef meat and no chicken
meat processed in their plants. Each sample
containing 250 g was divided in two parts,
for molecular and chemistry testing each.
Samples were kept at 4° C till further
testing. All producer premises were
inspected by official veterinary inspectors.

Seven samples of traditional
sausages from small family businesses
tested as negative for chicken matter by
means of real-time PCR were used as a
beef matrix for mixing with chicken MDM
in different proportions for validation of
methods as shown in Table 2 and Figures
1 and 2.

Real-time PCR

DNA extraction was performed by
using DNeay Mericon Food Kit Qiagen®
which uses modified
cetyltrimethylammonium bromide (CTAB)
extraction method. Extraction (excluding
for validation samples) was performed
according to the manufacturer’s standard
Protocol (200 mg). Starting amount 200
mg of sample was used in duplicate
Eppendorf tubes in order to get sufficient
amount of supernatant. One stainless
steel bead and 1ml of tissue lysis buffer
was added into each microcentrifuge tube.

Samples were ruptured by TissuLyser Il
Qiagen®, 30 oscillation/sec for 30 sec.
For validation samples, mixing was
performed in separate environment with



CbC CTOMaxepHu TOp6u4ku. M3non3saHo
e obwo konuuectso ot 10 g cmec oOT
npobu (durypa 2) n 50 ml TLA 6ycpep, 3a
Ja ce 3anasu cblaTa nponopuua Ha
usxogHata npoba wn nusncHua Gydep.
TpsibBa Aa ce BHMMaBa 3a fa ce nsberHe
KpbCTOCAHO 3aMbpcsBaHe C MUIELIKO
BellecTBo. CMeCBaHETO Ce OCblUecTBABa
KaTo ce 3arnoyHe OT Hail-Masikus A0 Haii-
BUCOKMA % MWMELKo BeLWecTBO U cref
BCAKO CMecBaHe CToMaxepHaTta MallnHa
ce obesszapassBa ¢ PHK n AHK o6e3s3a-
passiBawo cpeacteo, Thermo Scientific ™.
Cnepn T1oBa ce B3eMa 1 ml cmec, Kakto e
NMocoYeHO B MPOTOKONA 3@ eKCTpakuus,
KaTto npeasapuTenHo ce go6ass 2,5 Wl
npotevHasa K BBbB BCfika enpyBeTka.
Mpobute ce MHKybupaT B TepMomMecuTes
C NOCTOSAHHO pa3sknataHe (1000 rpm) npu
60°C B npogb/mkeHne Ha 30 MUHYTW.
Cnep nHKybauus, npobute ce agantupar
KbM CTaiiHa Temnepartypa 3a 10 MUHyTV 1
cnepj TOBa 3a KpaTko BbPXY fef cnepg
WHKybaumnsita. Cnepg ToBa npobute ce
ueHTpodpyrmpar B Npogb/KeHne Ha 5
MUHYTUK npun 2000 x g. 700 pl cynepHaTaHT
6e cbbpaH OT ABaTa Ay6/vkaTa Ha MUK-
pOUEHTPODYXHUTE EnpyBeTKN U e npe-
XBbp/ieHW B 2 ml MUKPOLLEHTPOYKHU
enpyseTku, cbabpxawy 500 pl xnopo-
opm oT cpupma Fischer Chemicals.
MonyyeHaTa cmMec ce cMecBa 4pes
3aBuxpsHe 3a 15 s 1 ce ueHTpodyrmpa
npu 14 000 x g 3a 15 muHyTtn. Cnep toBa
ce po6asAT 350 ul PB 6ydhep n 350 pl ot
ropHarta cmecka B 2 ml MUKpoLEeHTPOoyx-
Ha enpyBeTKa, KaTto ce cmecBaT cTapa-
TesIHO ype3 3aBuxpsiHe. CMecTa ce npex-
Bbpaa B QIAquick MukpoueHTpodhyxHa
KO/IOHa, noctaBeHa B 2 ml enpyseTka,
ueHTpocpyrvpa ce npu 16 100 x g 3a 1
min ¥ npenuBaliata TeYHOCT Cce WU3-
xBbpnsA. Cneg toBa 500 pl 6ycdhep AW2
ce noctaBa B QIAquick MMKpOUEHTpO-
oy>KHaTa KOJIOHKa, LeHTpodyrupa ce npum
16,100 xg B npogb/mkeHne Ha 1 MuHyTa n
npenueBaljaTta TEYHOCT Ce U3XBbPNA.
ETtanbT Ha ueHTpodyrupaHe ce nostaps
oTHOBO npn 16,100 xg 3a 1 min, 3a ga
N3CbxHe MembpaHaTa. MuKpoLEeHTPOyX-
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stomacher bags by using total amount of
10 g of samples mixture (Figure 2) and 50
ml of lysis buffer in order to keep the
same proportion of starting sample and
lysis buffer. Care was taken in order to
avoid cross-contamination with chicken
matter, thus mixing was performed from
smallest to highest % of chicken matter
and after each mixing stomacher machine
was decontaminated with RNase and
DNA decontaminant, Thermo Scientific™.

Afterwards, 1ml of mixture was taken and
preceded as indicated in extraction
protocol by adding 2.5ul of proteinase K
into each tube. Samples were incubated
in thermomixer with constant shaking
(1000 rpm) at 60°C for 30 min.

After incubation, samples were adapted to
room temperature for 10 min and then
briefly on ice after incubation.

Afterwards, samples were centrifuged for
5 min at 2000 x g. 700 pl of supernatant
was collected from both duplicates of
microcentrifuge tubes and was transferred
into 2ml microcentrifuge tubes containing

500 pl of chloroform from Fischer
Chemicals.
The resulting mixture was mixed by

vortexing for 15 s and centrifuged at
14,000 x g for 15 min. Than into a fresh 2
ml microcentrifuge tube 350 pl of Buffer
PB and 350 pl of the upper, aqueous phase
were added and mixed thoroughly by
vortexing. The mixture was transferred into
the QIAquick spin column placed in a 2 ml
collection tube, centrifuged at 16,100 x g
for 1 min and the flow-through discarded.

Afterwards, 500 pl Buffer AW2 was
applied into QIlAquick spin column,
centrifuged at 16,100 x g for 1 min and
flow-through was discarded.

Centrifuging step was repeated again at
16,100 x g for 1 min to dry the membrane.
The QIAquick spin  columns were



HuTe QlAquick ce NpexBbpPNAT B enpyBeT-
K1 3a MUKpoueHTpodyrnpaHe oT 1,5 mlun
150 ul EB 6ydiep ce HaHacAaT AMPEKTHO
Bbpxy MembpaHata QIlAquick. NHKybupa
ce 3a 1 min npu cTailHa TemnepaTtypa
(15-25°C C) n cnep TOBa Ce€ LEHTPO-
¢oyrupa npu 16,100 xg 3a 1 min, 3a ga ce
entoupa. EnovpaHeTo e rotoeo 3a ycwusi-
BaHe Hazos1y No Bepurata.

PCR amnnudukauua B peasiHO
BpeMe Ce K3BbplWBa C nNomowTa Ha
Qiagen Mericon® Chicken Kit Cat. No
292033, npefHa3HayeH 3a OTKpMBaHe Ha
NUIELLKO BELLEeCTBO B XpaHu u doypaxun u
Qiagen Mericon® Cattle Kit Cat. Ne
292023 3a OTKpMBaHe Ha roBexpo Bellec-
TBO. Mericon PCR aHanusute BkIuYBaTt
BbTpELUeH KOHTPO/ 3a perynupaHe Ha
NOTEHUMa/THOTO MHXMBUpaHe. Te Moxe Aa
oTkpuAT o 10 konuna Ha uenesa OHK B
peakuusa. PCR peakuunte ce nposexjar
B KpaeH o6em oT 25 ul, KaTo ce nsnonsear
10 pl Mericon® Master Mix, 5 pl Boaa 6e3
Hyk/leasa 3a perynvpaHe Ha obema n 10
pl npo6a, MoMoXUTENIeH KOHTPON WK
Bofa 06e3 Hyk/neasa Kato oTpuuaTeneH
KOHTPOA. LIMKNnM4HmAT npodmn ce cbeTom
OT NbpBOHavasieH etan Ha PCR aktu-
BupaHe npu 95°C 3a 5 MWHyTW, nocnepg-
BaH 0T 45 yuKb/ja Ha AeHaTypauus npu
95°C 3a 15 s, otrpsasaHe npu 60°C 3a 23
S 1 yab/mkasaHe npu 72°C 3a 10 s.
Avnndvkaumsita Cce  U3BbplIBaA Ha
Smartcycler 1l Cepheid®. Lenta e
oTyeTeHa Ha FAM™ 1 IPC Ha Cy3TM.

PCR amnnucumkauuss B peasiHO
BpeMe 3a KayeCTBEHO onpefensHe Ha
CBMHCKO M KOHCKo/marapelwko [AHK ce
M3BbpWBa C nomowTa Ha DNAnimal
Screen Halal kit rom Eurofins® Cat No.
5422221210. MpobuTte N KOHTpONuTE ce
amnnuduuupat B8 ayénunkatun. PCR peak-
uunTe ce NMpoBexaar B kpaeH obem oT 25
pl, kato ce m3nonssar 20 pyl MasterMix
(12,5 pl BasicMix + 7,5 pl OligoMix), 5 pl
npo6a [IHK oT BCsAka npoba, 5 pl cTadm-
nm3auuoHeH 6ydgep 3a NTC u 5 pl nono-
xuteneH koHtpon AOHK gGSE-P-08.042.
LIMKNNYHUAT npodomn ce CbCTou OT Mbp-
BOHa4yasieH etan Ha PCR aktnBupaHe npu
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transferred into a 1.5 ml microcentrifuge
tubes and 150 ul Buffer EB was applied
directly onto the QIAquick membrane.

Incubated for 1 min at room temperature
(15-25°C), and then centrifuged at 16,100
x g for 1 min to elute. Elution was ready
for downstream amplification.

Real-time PCR amplification was
done by using Qiagen Mericon® Chicken
Kit Cat. No 292033, designed for the
detection of chicken mater in food and
animal feed and Qiagen Mericon® Cattle
Kit Cat. No 292023 for the detection of
cattle matter. Mericon PCR Assays
include an internal control to control
potential inhibition. It can detect down to
10 copies of target DNA in a reaction.

PCR reactions were performed in a final
volume of 25 pl, by using 10 pl of
Mericon® Master Mix, 5 pl of nuclease
free water to adjust the volume and 10 pl
of sample, positive control or nuclease
free water as negative control. The cycling
profile consisted of initial PCR activation
step at 95 °C for 5 min, followed by 45
cycles of denaturation at 95 °C for 15 s,
annealing at 60 °C for 23 s and extension
at 72 °C for 10 s. Amplification is
performed on Smartcycler I Cepheid®.
Targret was read at FAM™ and IPC at
cy3™.

Real-time PCR amplification for
qualitative  detection of pork and
horse/donkey DNA was performed by using
DNAnimal Screen Halal kit rom Eurofins®
Cat no. 5422221210. Samples and controls
were amplified in duplicates. PCR reactions
were performed in a final volume of 25 pl,
by using 20 pl of MasterMix (12.5 pl
BasicMix + 7.5 pl OligoMix), 5 pl of
sample DNA from each sample, 5 pl of
stabilization buffer for NTC and 5 pl of
positive control DNA gGSE-P-08.042.

The cycling profile consisted of initial PCR
activation step at 95 °C for 5 min, followed



95°C 3a 5 MuHyTW, nocnegBaH oT 45
LUMKbNa Ha geHaTtypauus npu 95°C 3a 15 s,
otrpasaHe npu 60°C 3a 23 s 1 yab/ixaBaHe
npu 72°C 3a 10 s. AMnindmkaymsata ce us-
BbpLlBa Ha Smartcycler 1l Cepheid®. Pesyn-
TaTbT 3a KOH/Marape e oT4eTeH npu FAM™,
pesynTaTbT OT CBMHCKOTO nNpu Cy3™ u IPC
npn Cy5™. W3uMcnenneto e HanmpaseHo
CbINAaCHO UHCTPYKUMMTE HA NPOU3BOANTENS.

Ma3oBa XpomaTorpagus-
MaccnekTpomeTpusa (GC/MS)

AHaNMTUYHOTO oOnpepensHe e us-
BbpLUEHO Ype3 U3nosi3BaHe Ha CTaHaapT-
Ha cMec Ha MacTHu kucesnmHn (MIX FAME).
Mpouenypata ce OcHOBaBa Ha KaTanu-
3upaHa TpaHcecTepugukaLma Ha MacTHU
KucenvHu, obpasysalln MeTU10BY ecTepu
(FAME-s) n mogndguumupaHa copma (Frank
et al., 2002; Pop et al., 2010; Trbovic et
al.,, 2017; Guntarti et al.,, 2019). W3non-
3BaHM Ca CcnegHUTe XUMUKann: XekcaH
99,9% ot Honeywell Riedel-de-Haén™,
metaHon 99,9% CHROMASOLV™ ot
Honeywell Riedel-de-Haén™, eTunauetar
99,7% CHROMASOLV™ Honeywell Riedel-
de-Haén™, HaTpueB meTunatr ot Merk wu
Supelco® 37 Component FAME CwmeceTe
Sigma-Aldrich® kato cepTudpmumpaH pede-
peHTeH mMaTepuan (CRM) B cboTBeTCTBME C
ISO 17034 n ISO/IEC 17025.

Mpouedypa Ha eKkCcTpakuus u
JepviBaTu3aunst Ha MacTHU KUCE/INHN

Mpobute ce XOMOreHmsupar c
xomoreHnzaTtop Velp Scientifica ™ OV5.
Cnep xomoreHunsmpaHe, npoba ot 500 mg
ce nocTtaeAT B 15 ml KOHNYHW enpyBeTKU
n ce cmecsart ¢ 5 ml xekcaH 99,9%. Cnep
3aBUXpsAHe B NMpoAb/ikeHne Ha 1 min, 1
ml HaTpueB meTokcug ce fobassa B 5.4M
MEeTaHOos 1 ce pa3bbpkBa B NPOAB/HKEHNE
Ha 1 min upe3 3aBuxpsiHe. Ectepudu-
KaumsiTa ce u3BbpLBa Npu cTaiiHa Tewm-
nepatypa. Cneg toBa 1 ml pa3stBop ce
npexebpas B 2 ml MUKpPOUEHTPOMhyXHaA
enpyseTka. MNpobuTe ce aHanM3MpaT B pam-
KUTe Ha efvH Yac cnef ectepudmkauys.

OnpepensHeTo Ha MeTUIoBUTE ec-
Tepu Ha MacTtHuTe kucenmuu (FAME) ce
n3BbpLlIBa ypes3 (Agilent 5975C nHepTHa
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by 45 cycles of denaturation at 95 °C for
15 s and annealing at 60 °C for 90 s.

Amplification is performed on Smartcycler
Il Cepheid®. Horse/donkey target was
read at FAM™, pork target at Cy3™ and
IPC at CySTM. Calculation was done
according to manufacturer instructions.

Gas chromatography-mass
spectrometry (GC/MS)

Analytic determination has been
done by using MIX FAME-s fatty acid
standard. Procedure is based on base
catalyzed transesterification of fatty acids
forming methyl esters (FAME-s) and
modified from (Frank, et al., 2002) (Frank
et al., 2002; Pop et al., 2010; Trbovic et
al., 2017; Guntarti et al., 2019). The
following chemicals were used: Hexane
99.9% form Honeywell Riedel-de-Haén™,
Methanol 99.9% CHROMASOLV™ from
Honeywell Riedel-de-Haén™, Ethyl acetate
99.7% CHROMASOLV™  Honeywell
Riedel-de-Haén™, Sodium Methylate
from Merk and Supelco® 37 Component
FAME Mix Sigma-Aldrich® as a certified
reference material (CRM) in accordance
with 1ISO 17034 and ISO/IEC 17025.

Extraction procedure and
derivatization of fatty acids

Samples were homogenized with
Velp Scientifica™ OV5 homogenizer.
After homogenization 500 mg of sample
were placed into 15 ml conical tubes and
mixed with 5ml of hexane 99.9%. After
vortexing for 1 min, 1 ml of sodium
methoxide in 5.4M methanol was added
and mixed for 1 min by vortexing.
Esterification was performed in room
temperature. Afterwards, 1 ml of solution
was transferred into 2 ml microcentrifuge
tube. Samples were analysed within an
hour after esterification.

Determination of FAMEs was
performed by (Agilent 5975C inert XL
Triple Axis MSD with 7890 GC) gas-liquid



XL Triple Axis MSD ¢ 7890 GC) raso-
TeyHa xpomartorpacusi, cHabaeHa ¢ uHep-
TEH W3TOYHMK Ha MOHM3aUMS Ha enekTpo-
Hute (ElI) n kanungpHa DB-23 xpomarto-
rpadpcka konoHa (60m x 250um x 0.25um).
OnepaTuBHaTa HacTtpoiika Ha GC-MS e
nocouyeHa B Tabamuya 1.

chromatography equipped with inert
electron ionization (EI) source and
capillary DB-23 chromatographic column
(60m x 250um x 0.25um). The operational
set up of GC-MS is shown in Table 1.

Tabnuuya 1. OnepaTmBHaTa HacTpoiika Ha GC-MS

Table 1. The operational set up of GC-MS

Konona/Column

Temnepatypa Ha nHxektop/Injector temperature
["a3oB HocuTen/Carrier gas

MoTok Ha raszos Hocuten/Carrier gas flow
CboTHoLeHne/Split ratio

Mporpama Ha chypHaTa/Oven Programe

O6em Ha BrnpbckBaHe/Injection volume
Pa3peguten/Diluent

MS XapakTtepucTtuku/Parameters:
M3TOYHMK Ha MoHu3ayusi/lonisation source
EnektpoHHa eHeprusi/Electron energy

MS W3TouHuK/Source

MS Quad

DB-23 60m x 250um x 0.25um
250°C

Helium

1.2 mL/min

25:1

50°C, 2.8 min 0°C

25.0°C/min 200°C 0 min
3.0°C/min 230°C 15 min

Total run time: 33.8 min

3.0 UL

Hexan

El

70 Ev
230°C
150°C

SIM or SIR (CenekTnBeH MOHUTOP Ha MoHW/Selective lon Monitoring) Xapakrepuctuku/Parameters:

3abaBsHe Ha pasTBopuTens/Solvent delay

Xpomarorpadckute nMkoBe B MpPoO-
o6uTe ca MAEHTUUUMPaHN YPe3 CpaBHS-
BaHe Ha OTHOCUTE/THOTO BPEME Ha 3a4bp-
)XaHe Ha NVKoBeTe Ha MeTWo0BUTE ecTe-
pn Ha macTtHuTe kucenmHm (FAME) B cme-
CeH cTaHaapT Ha Supelco 37 Component
FAME (Supelco, Bellefonte, USA), kolito
e 6asupaH B 6mbmoTtekata NIST.

3a kpuBaTta Ha BaunaunpaHe 4pes
MmeToga GC-MS ca TecTBaHu cefem suga
TeNewWwkKNn HafEeHWYKM KaTo OoTpuuaTesHu
3a MUIELLKO, CBUHCKO M KOHCKO/MarapeLuko
ype3 PCR B peasiHO Bpeme, KaTto KbM THAX
ca gobaeenn 7, 10, 20, 30, 50, 70 n 80%
nunewka kariMa. AHannsmpaHu ca upes
GC-MS (Tabnvua 2 u durypa 1).
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5.7 min

The chromatographic peaks in the
samples were identified by comparing
relative retention times of FAME peaks
with peaks in Supelco 37 Component
FAME mix standard (Supelco, Bellefonte,
USA) which is based on NIST library.

For the validation curve in GC-MS,
pool of seven beef sausages tested as a
negative  for  chicken, pork and
horse/donkey by means of Real-time PCR
was used as a matrix, spiked by 7, 10, 20,
30, 50, 70 and 80% of chicken MDM.
Analyzed be means of GC-MS (Table 2
and Figure 1).



Ta6bnuua 2. BanngaunoHHa KpyBa Ha JIMHOJI0Ba KUCEeMHa
Table 2. Validation curve of linoleic acid

Ne % Ha nuneLlKa Kanma CpenHo OT TpU n3mepsaHusa
B Tefiellka HaZleHnua | Ha KoHueHTpaums Ha C 18:2 %
% of chicken MDM  |Average of the three measurement
on beef sausage matrix of C18:2 concentration %

1 7.00 3.11
2 10.00 3.53
3 20.00 5.50
4 30.00 7.77

5 50.00 14.03

6 70.00 20.72

7 80.00 24.64

KopenauuoHeH
koechunumeHnt/Correlation 0.99
coefficient (R?)

HaknoH/Slope 0.2959

interslope 0.0432

NunHeen gnanasox/linearity range 0-80%
CraHfapTHa rpeluka Ha otpe3s / SE of intercept 0.609

CtaHfapTHO OoTK/10HeHUe Ha oTpes / SD of intercept 0.1802031

STEYX 0.93
LOD 2.01
LOQ 6.09

C18:2 Linoleic Acid
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dur. 1. BanngaunoHHa KpmBa Ha JIMHO/I0BA KMcenmHa
Fig. 1. Validation curve of linoleic acid
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Fig. 3. Chromatograms of chicken MDM fatty acid profile (A), beef sausage (B)
and beef sausage with 10% of chicken MDM
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MacTHuTe kucenuum (C14:0; C15:0;
C16:0; Ci6:1; C17:0; C18:0; Ci8:1c;
C18:2 and C18:3n3) ca nscnegsaHu ypes
GC-MS wmeTof B HafeHW4ku OT. camo
TeseLlwKo, camo nNuneLulKko, Tenewko ¢ 10%
nunewka kaima w Tenewko ¢ 50%
nunewka kaima (Tabnmya 3).

Fatty acid profile (C14:0; C15:0;
C16:0; Ci6:1; C17:.0; C18:0; Ci8:1ic;
C18:2 and C18:3n3) was measured by
means of GC-MS for beef only, chicken
only, beef sausage with 10% of chicken
MDM and beef with 50% of chicken MDM
(Table 3).

Tabnuua 3. NMpodna Ha MacTHUTE KUCENTMHW Ha rpyna OT cegeM HageHNYKNU caMo
C roBeXo Meco, nuseLlka Kanma, roBexamn HageHndku ¢ 10% nuneluka kanma u
roBexan HageHnukm ¢ 50% nuneluka Kaima
Table 3. Fatty acid profile of pool of seven beef only sausages, chicken MDM,
beef sausage with 10% of chicken MDM and beef sausage with 50% of chicken

MDM
Tenewku | Tenewkun
HaeHYKUHaAeHNYKN
Mpyna c10% | c¢50%
Tenewku [Mnnewwkal nuaeLlka | nuaeLka
No| AHAIUTUYHO UMe Ve — MeTun ectep / Name— methyl ester HafieHWuky| KailMa | Kaiima Kalima [Retention|
Analytical name Pool of | Chicken Beef Beef Time
beefonly | MDM | sausage | Sausage | (RT)
sausage with 10% | with 50%
of chiken | of chiken
MDM MDM
C14:0
MT{%ZZC:;M MeTun TeTpagekaHoat / Methyl tetradecanoate, 3.37 0.33 3.09 2.12 12.15
Myristic_acid
C15:0
MeHTanekaHoBa MeTunneHTaaekaHoar uin NeHTaiekaHoBa k1cenmHa
2 KUCEeNMHa Methyl pentadecanoate or pentadecanoic acid 0.51 0.06 0.48 0.32 12.79
Pentadecanoic ) https://pubchem.ncbi.nim.nih.gov/search/ - i
acid collection=compounds&query_type=mf&query=C16H3202&sort=mw&sort_dir=asc|
C16:0
3 Ha&nggzﬂ:(;sa XekcagekaHoBa kvucenuHa / Hexadecanoic acid 30.89 18.24 29.48 25.73 13.52
Palmitic acid
Cl6:1
4 ManmMToNenHoBa 9-xeKcajiekaHoBa kncesinHa Unn MeTun xekcagek-9eHoat 271 337 268 293 13.82
KucenmHa 9-Hexadecanoic acid or methyl hexadec-9enoate
Palmitoleic_acid
C17:0
PO XentagekaHoBa KucennHa
5 KucenuHa . . 1.69 0.11 1.64 1.09 14.34
. Heptadecanoic acid
Heptadecanoic
acid
C18:0
g| Creaputosa OxTagexanosa cemHa 2422 | 821 | 2462 19.39 | 15.29
KucenmHa Octadecanoic acid
Stearic Acid
Cl8:1c
7| Oneurosa 9- OkTapekaHoBa KncesmHa 33.47 | 2898 | 3343 | 3246 | 15.62
KucenmHa 9-Octadecanoic acid (Z)
Oleic_Acid
C18:2
JlnHonosa 9, 12-OkKTagekagneHoBa KucennHa
8 KucenvHa 9, 12-Octadecadienoic acid (Z,Z) 2.06 36.73 3.46 14.03 16.20
Linoleic acid
C18:3n3
JlnHonosa
9| ucenuHa 912 5 2EZ O ane aIpnenosa IncenHa 024 | 353 | 034 133 | 16.96
Linolenic acid e
ALA
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CegeM Buga Tesnewkn HageHUYKN,
TEeCTBaHW KaTto OTpULLaTesIHN 3a NWUIELLKO,
CBMHCKO W KOHCKO/MarapeLluko ype3 PCR B
peasiHO Bpeme, ca W3NON3BaHW KaTo
MaTtepuasn, KbM Hero ca gobaseHu 1, 10,
20, 30, 40, 50, 60, 70, 80, 90 u 100%
nunelwka kahma. AHanu3upaHu ca 4pes
PCR B peanHo Bpeme 3a Ha/nuve Ha
nunewxka AHK (Purypa 2).

Pool of seven beef sausages tested
as a negative for chicken, pork and
horse/donkey by means of Real-time PCR
was used as a matrix, spiked by 1, 10, 20,
30, 40, 50, 60, 70, 80, 80, 90 and 100% of
chicken MDM. Analyzed be means of
real-time PCR for the presence of chicken
DNA (Figure 2).

real time-PCR

35
30
25,26
vy
L 25 ® 7516
3 ]
37 v 2240.20,06 2008
S, : ¢
15
10
0 10

20 30 40 50 60 70 80 90 100

% of chicken mater on beef matrix
dur. 2. CtoiiHocTu Ha Ct, NONTly4YeHU B CEPUIHN CMECKM OT NueLllka Kaima

nocTtaBeHa B roBexan Kon6acu

Fig. 2. Ct values obtained in serial mixtures of chicken MDM in pool of beef

sausages as a matrix

PE3YJITATU

Bcuukm npobu ca otpuuatenHm npm
PCR B peasiHO Bpeme 3a CBUHCKO MeCO "
Meco OT KOH/Marape. TpuHageceT oOT 22
npo6u (59%) ca NoNOXUTENHM 3a NUAeL-
ka OHK npu PCR B peasiHO Bpeme, HO
camo 3 nNpobu HaaBMLWaBaT rpaHmuarta 3a
KO/IMYECTBEHO onpejensHe Ha JIMHOMoBa
KncenuHa 3a nunewko meco upes GC/MS
(>6.09%) kaTo uHAMKAUMA 3a CbLUECT-
BeHO (hanwuduuympaHe (Tabnuua 4) (ct
CcToMHOCTM oT 24.2; 19.44; n 19.7 npu
PCR B peasiHo Bpeme un C18:2 c 17.18;
17.02 n 11.45% c GC-MS meTopg). Bcuukun
nosoxutenHn npoém or PCR B peasnHo
Bpeme, KOUTO He gocTturar rpaHuulara Ha
oTkpmBaHe (LOQ) Ha nvHonoBarta Kuce-
NMHa umaT cpefHa ct cToiHocT oT 32.83
CbC CTaHAapTHO OTK/I0OHeHWe oT 4.80 u ¢
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RESULTS

All samples were negative on Real-
time PCR for pork and horse/donkey.
Thirteen out 22 samples (59%) were
positive for chicken DNA on real-time
PCR, but only 3 samples exceeded the
quantification limit of linoleic acid for
chicken meat on GC/MS (>6.09%), as an
indication of substantial adulteration
(Table 4) (ct values of 24.2; 19.44; and
19.7 in Real-time PCR and C18:2 of
17.18; 17.02 and 11.45% with GC-MS).

All samples positive on real-time PCR that
did not reach LOQ of the linoleic acid had
a mean ct value of 32.83 with standard
deviation of 4.80 and range between
26.88 to 39.96.



AnanasoH mexpgy 26.88 go 39.96. Tesu
npobun umaT cpegHa CTOMHOCT Ha C18:2
oT 2.81% cbC cTaHA4APTHO OTK/IOHEHWE OT
0.31 v gnanasoH ot 1.19 o 4.44%. Bb3
OCHOBa Ha ohmumnanHu NPOBEPKN, BCUYKN
npoussoguTeny Ha 13 NoONoXuTENHU
npo6u npepaboTBaT NUELLKA NPOAYKTU B
€/[lH1 U CbLUN MecHU habpuku.

These samples had a C18:2 mean value
of 2.81% with standard deviation of 0.31
and a range of 1.19 to 4.44%.

Based on official inspections, all
producers of 13 positive samples process
chicken products in the same meat plants.

Tabnuua 4. Pesyntat oT PCR B peaslHO BpeMe 3a NUIELLIKO, FTOBEXA0, CBUHCKO,
KOHCKO/Marapewko AHK v npodunn Ha macTHU KucennHu ot GC-MS aHanm3 Ha 22

HaZeHNYKM

Table 4. Result of real-time PCR for chicken, beef, pork, horse/donkey DNA and
fatty acid profile with GC-MS of 22 sausages

PCR B peanHo Bpeme MNpodnn Ha MacTHW kncenmHu (GC-MS)
real-time PCR Fatty acid profile (GC-MS)

Munewxo (ct | KoHcko/

CTOHOCTY) |MarapeLuko

Chicken (ct Horse/  [CBuHCKO|[ 0OBEXA0
No values) Donkey Pork | Cattle | C14:0 | C15:0| C16:0 |C16:1|C17:0|C18:0| C18:1c | C18:2 |C18:3n3
1| + | 2842 - - + 3.78 | 0.51 | 27.84 | 3.77 | 1.61 |20.56| 38.26 | 1.96 | 0.34
2 + 39.96 - - + 353 | 0.57 | 28.34 | 3.13 | 2.1 |23.43]| 36.04 | 1.19 0.68
3| - - - - + 358 | 069 [ 27.82 341 | 2.1 |24.49| 353 | 1.15 | 0.49
4 + | 29.63 - - + 358 | 049 | 29.35|3.11 | 1.73 | 23.2 | 35.13 | 2.36 0.3
5 + 24.2 - - + 158 | 0.18 | 24.76 | 4.25 | 0.53 |13.64| 36.29 |17.18 | 1.04
6 + 19.44 - - + 1.81 | 0.26 | 24.65 | 3.53 | 0.86 |16.92| 31.74 |17.02 | 2.24
7] + | 28.16 - - + 34 | 0.61 | 28.03 | 3.43 | 1.92 |23.61| 35.95 | 1.91 | 0.38
8 + 19.7 - - + 244 | 051 | 25.56 | 3.83 | 1.54 |21.93| 31.53 | 11.45| 0.62
9| + | 3524 - - + 401 | 0.64 | 26.22 | 2.36 | 2.28 | 26.77| 32.52 | 3.85 | 0.56
10 + 29.96 - - + 352 | 0.61 | 25.73 | 3.42 2 24 3454 | 4.44 0.43
11 - - - - + 343 | 0.45 | 26.08 | 343 | 1.7 |24.91| 3493 | 3.51 | 0.42
12| + | 38.89 - - + 3.32 | 0.39 | 25.25 | 2.45 | 1.38 | 25.75| 36.86 | 3.1 0.31
13| + 37.06 - - + 3.68 | 0.43 | 26.64 | 3.34 | 1.94 |25.34| 34.41 | 2.99 0.27
14| + | 34.12 - - + 292 | 039 [ 2478 | 3 1.28 |23.46| 39.35 | 3.45 | 0.37
15| + 26.88 - - + 422 | 049 | 28.08 | 3.32 | 1.46 |20.15| 37.43 | 2.82 0.34
16| - R R R i 3 0.6 | 29.67 | 2.85 | 1.99 |24.39| 35.22 | 1.64 0.28
17l - : : } + 301 | 043 | 2791 | 25 | 151 |25.65| 3556 | 2.11 | 0.31
18] - : : } + 359 | 052 | 27.44 | 2.37 | 1.23 |28.02| 32.68 | 3.18 | 0.36
19| - R R R i 397 | 058 | 26.24 | 2.71 | 2.21 |27.16| 32.82 | 3.15 0.38
20| - : : } + 328 | 0.58 | 26.74 | 1.73 | 2.06 |30.53| 31.9 | 242 | 0.46
21| - R R R i 339 | 058 | 31.74 | 3.01 | 1.88 |24.48| 31.79 | 1.87 0.24
| . R R R . 2.64 0.8 | 26.95| 249 | 242 |25.89| 35.31 2.1 0.8
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OBCBHXAAHE

HacTtoswoTo npoyysaHe, 6a3npaHo
Ha cunHo uvysctBuTeneH PCR wmetog wu
npodhna Ha MacTHUTE KUCENIUHWU un3cneg-
BaHu ype3 GC-MS, nokasBa, ye cpanuu-
dvumpaHeTo Ha TPagUUMOHHUTE KOCOB-
CKN HaJEHWYKN C NMUIELLKO MECO € YecTo
CpellaHo, HO B MOBEYETO Cyyan TOBa
MOXe pga 6bae HexenaHa/MHUMAEHTHa
Ganwmncpmkauna nopagnm npepaboTkaTta
Ha MWIELWKO M roBeXA0 MecO B efHW U
CblUM MecHU npepaboTBaTtenHu habpurku.
Mopaan penurnosHuTe BApBaHUA, das-
LWMdULMPAHETO CHC CBUHCKO U KOHCKO, He
Gelle ycTaHOBEHO, CNopes o4vakBaHuATa.
B Te3u cnyvam anwmduuupaHeTo ¢
NnuIewWwKko Meco npefcTaBfsiBa BaXeH
BbNpPOC, KOWTO TpsibBa ga ce pasrnega.
BCbLIHOCT TOBa € Hail-4ecToTo chasiuu-
hmumpaHe B NoBeYeTO AbpXasW, KbAeTO
CBMHCKOTO MECO He Ce KOHcymupa
LLUMPOKO nopaju PesiMrimosH1Te BAPBaHUA
(Ayaz et al., 2006; Keyvan et al., 2017; Al-
Qassab et al., 2019).

PCR B peasiHO Bpeme e CUJIHO YyB-
CTBUTE/IEH METO[, 3a TecTBaHe Ha aBTeH-
TUYHOCTTA Ha MecoTo. Moxe pga 6bae
oTnnyeH wmnsbop pa ce waeHTUduumpa
[OpU MaUTKO KO/IMYEeCcTBO MaTepuasi, 0Cco-
6€eHO Korato cTtaBa BbMpOC 3a NpepadoT-
Ka Ha Meco OT pas3/IM4yHN XMUBOTUHCKU
BMAOBE B €[HW W CbLM MeconpepaboT-
BaTe/IHN 3aBOAM, MPU KOUTO Cy4yanHoTO
hanwmnpumuympaHe cbc cnegu oT efuH
BUL MECO MW MEeCHW MPOAYKTU OT Apyr
BW MO Bpeme Ha obpaboTkara ca Bb3-
MOXHW. Bvnpekn TtoBa, metonbT PCR B
peasiHO Bpeme MPUIoXeH B HaCTOALLETO
npoyysaHe e Heob6xoa4MM 3a onpepfesisiHe
Ha KayeCTBOTO, HO KOrato € Heob6xoaumo
KONMYeCTBEHO onpejensHe, TO uva He-
pocTtarbyn. B cnyvali Ha usmamHu gei-
HOCTW, MKOHOMUKYeckaTa nevanba ce noc-
TUra 06UKHOBEHO, KOraTo 3Ha4YUTEsTHO KO-
4yecTBO BMCOKOKAYECTBEHO MECO Ce 3ame-
HW C No-eBTUHO. YcTaHoBuxme, ye GC-MS e
nofeseH MeTof, Korato ce KOMGuHupa c
PCR B peanHo BpemMe MO OTHOLLUEHVE Ha
TPaAMLMOHHNTE KOCOBCKU HaZEHUYKM.

3HauuTenHy Bapuauum mexay nap-
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DISCUSSION

Present study, based on highly
sensitive PCR method and fatty acid
profle by GC-MS, indicates that
adulteration of traditional Kosovar beef
sausages with chicken is common, but
most commonly it could be
unwanted/incidental adulteration due to
the processing of chicken and beef meat
in the same meat plants.

Due to the religious believes adulteration
with pork and horse, as expected, was not
found. In these cases, adulteration with
chicken meat represent important issue to
be addressed.

In fact, it is the most common adulteration
in most countries where pork meat is not
widely consumed due to the religious
believes (Ayaz et al., 2006; Keyvan et al.,
2017; Al-Qassab et al., 2019).

Real-time PCR is a highly sensitive
method for meat authenticity testing. It
can be an excellent choice to identify even
a small amount of target, in particular when
it comes to processing meat from different
animal species in the same meat plants
where the incidental adulteration with
trace amounts of one type of meat or
meat products with another during
processing and handling is possible.

However, current method applied in this
study is a Real-time PCR qualitative
method and when quantification of target
is needed, it has shortcomings.

In case of fraudulent activities, economic
profit is achieved usually when considerable
amount of high-value species meat is
replaced with cheaper ones.

We found GC-MS as useful method when
combined with Real-time PCR with regard
to Kosovo traditional sausage.

between

Considerable variation



TMOUTE ca YecTo cpellaHu, Tbil KaTo ce
oyYakBa CblUO BapvpaHe B CbAbpXaHNETO
Ha MasHVHU MeXay camuTe >KUBOTHU.
FoBexaoTo Meco, npu NpoM3BOACTBOTO
Ha Konbacu, uma BUCOKO CbAbpXaHue Ha
Ma3HWHWU, KaTo Hanpumep obps3BaHe Ha
xbnoéounte wnnnm pedbpata, KakTo MU
o6pes3kuTe Ha Oy3uTe K rnaearta, JOKaTo
MOCTHOTO MEcO OT MpeaHuTe W 3agHuTe
yacTu ce MpogaBa OTAE/IHO C MO-BMCOKA
yeHa. CbOTHOLLEHMETO MEXAY Ma3HUHU U
KPEeXKo Meco Onpegesnia 1 CcBoicTBaTa Ha
CBbp3BaHe Ha npoaykta ¢ Boga (Savic,
1985). BanngupaHeTo C Tefnelwka Hage-
HMLa BMECTO CypoBa kaima Moxe [Ja
OoTpasn Hail-gobpe cbCTaBa Ha HafeHWUY-
KiTe. 3atoBa ca M3MNoJ3BaHu Kato mare-
pran cefem pas/MyHU HadeHWYKKU, TecT-
BaHW kaTo oTpuuatesnHy 3a OHK Ha nu-
NEeWKOo, KOHCKO M CBMHCKO Meco. OnncaHa
€ 1 NpoMsiHa B 06wWKMTe 1 CBOOGOAHM MacT-
HW KUCEJIMHWN MO BPEME Ha y3psiBaHETO Ha
3aHaATYMINCKA U MHAYCTPMANIHO Npoun3Be-
aeHn npoayktn (Franco et al., 2002).
KocoBsckata HageHuua obave ce onywsa
camMo 3a efiHa HoW, UK caMo 3a HAKOJIKO
OHW 1N e MasIko BeposiTHO Ja ce Mnosyyun
NpoMsiHa B CBOGOAHMTE MACTHU KUCETUHW.

Mo-ronAmara 4yacT OT u3MamuTe
MOXe [Aa OCTaHaT HepasKpuUTW, Tbil kaTo
Te OOMKHOBEHO He npepcTtaBnsiBar PUCK
3a 6e3onacHoOCTTa Ha XpaHuTe U 4YecTo
norpebutennute He 3abenssBaT HUKaKbB
npobsem C kayecTBOTO. Bb3geincreneto
BbpPXY 06LLECTBEHOTO 34paBe € OT OCHOB-
HO 3Ha4YeHWe 1 raBHO MO OTHOLUEeHME Ha
XpaHutesHMTe aneprum. [okato anepruy-
HUTE peakuun KbM MTUYM Nepa u aiua ca
YecTo CpelwaHn, asnepruyHuTe peakumnm
KbM MWUIELLKOTO MECOo , BBLMPEKM 4ve ce
cuuTaT 3a pefku, cTaBaT BCe Mo-04eBUA-
Hu (Zacharisen, 2006; Can et al., 2014;
Wilson and Platts-Mills, 2019). Pernamen-
TUTE N0 OTHOLLUEHNE HA ETUKETMPAHETO SCHO
nocoyYBaT, Ye BCMYKM CbCTaBKu TpsibBa Aa
6baat n3bpoeHn. Jopu B cnyyauTte, Korato
B Teflellkara HajeHuua nmva camo cnega
oT nunewka AHK, TpsibBa ga ce geknapupa,
ye NPOAYKTbT MOXE Ja CbAbpXa Masko
KO/INYECTBO MUIELLKO MECO.
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batches is common as also variation in fat
content between the animals themselves
is expected.

Principle ingredients from beef in sausage
production are high fat meats such as
flank or rib trimmings as well as cheek
and head trimmings, while the lean meat
from forequarters and hindquarters is sold
separately with higher price. Fat-to-lean
ratios determine also water binding
properties of product (Savic, 1985).

Validation with beef sausage instead of
raw minced meat as a matrix may reflect
the best the composition of sausage.
Therefore we used as a matrix the pool of
seven different sausages tested as
negative for chicken horse and pork DNA.

Also change in total and free fatty acids
during the ripening of artisan and
industrially manufactured products has
been described (Franco et al.,, 2002).
However, Kosovo sausage is smocked only
overnight or just a few days and a change
in free fatty acids it is unlikely to occur.

The vast majority of frauds may go
undetected since they usually do not pose
a food safety risk and often consummators
do not notice any quality problem.

The impact on public health is of limited
importance and mainly in terms of food
allergies. While allergic reactions to
poultry feathers and eggs are common,
allergic reactions to chicken meat
although considered rare, are becoming
more evident (Zacharisen, 2006; Can et
al., 2014; Wilson and Platts-Mills, 2019).

Regulations with regard to labelling clearly
indicate that all ingredients should be listed.

Even in case where there is only trace of
chicken DNA in beef sausage it must be
declared that product may contain small
amount of chicken meat.



n3BOAN

HacTtosawoTo npoy4ysaHe, Bb3 OCHO-
Ba Ha BMCOKO 4yBcTBUTENleH PCR TecT B
peasiHO Bpeme U1 onpenensHeTo Ha MacT-
HUTEe KucenuHum uypes GC-MS wmeTog,
nocoysa 4ye panwmduLmpaHeTo Ha Tpa-
ANUMOHHUTE HageHU4Yku B KocoBo e yecTo
CpeLlaHo. Bbnpekn ye ymumLneHoTo tas-
wnduumpaHe nNpucbLCTBa 4ecTo, B MNoBse-
4yeTo cnyvyau MOXe [a e HeyMULLIEHO Unn
cnyyaliHo nopagm npepaboTka Ha nuneL-
KO 1 Tesewko Meco B CbluuTe npepaboT-
BareniHu npegnpuatua. CneposartersHo,
3a fa ce npegorBpatM To3n npobnem,
TpsabBa fa ce ocUrypu npaBUSIHO €TUKU-
paHe B CbOTBETCTBME CbC CbLOTBETHUTE
HauuoHanHy pasnopenou.

CONCLUSIONS
Present study, based on highly sensitive
real-time PCR method and the
determination of fatty acid profile by GC-MS,
indicates that adulteration of traditional
Kosovar sausages with chicken is common.

Although intentional adulteration is
present frequently, more often it could be
an unwanted/incidental adulteration due
to the processing of chicken and beef
meat in the same meat plants.

Therefore, in order to overcome this
problem, a proper labelling in line with the
respective national regulation should be
applied.
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PE3IOME

HanpaBeH e (OU3NKOXUMUYEH aHa-
N3 Ha MJISKO, MOJSTlYyY4EHO OT KpaBW Ha
nbpBa fakrauusa OoT cfefHuTe nopoaw:
CuimeHTtan (I rp.) Moubenunapg (Il rp.) n
Bbnarapcko pogoncko rosego (Il rp.).
Mpynute ca oTrexgaHu npu enHaksu
YC/I0BUS Ha XpaHeHe B palioHa Ha UIMXK3-
rpag TposiH. W3cnepBaHusATa nokasaxa,
ye Mo CbAbpXKaHMe Ha CyXO BELLECTBO,
Ma3HVMHU U 6EeNTBK B MSKOTO, roBegarta
oT nopoau CumeHTtan n MoHb6envaps oT-
cTbnBaTt Ha BbarapckoTo pogoncko rose-
[0. OpraHonenTuyHaTa oLeHKa He nokasa
pasmuna No Ha BKYC, UBAT U KOHCUCTEH-
unsa. KnucenmHHocTTa M NABTHOCTTA Ha
M/IIKOTO MNOKPMBA YTBbPAEHUTE HOPMU.
CyxuaTt 6e3macneH octaTbk (CBO) Ha
npeacTaBuUTeNkKATE Ha TpuTe nopoau
nokasea CTOMHOCTM Hag 8 %, KoeTo e
nokasarten 3a Aobpe usBbpLIBaHa Cesek-
uus. M3cnegBaHOTO MJISIKO MOXe ga ce
M3Mosi3Ba KaTto M3Xo4Ha CypoBMHA 3a pas-
paboTBaHe Ha pas/iMYyHN (PYHKUMOHAHU
NPOAYKTV CbC 34paBOC/IOBHO AeicTBue.

KntovoBn pymn: MAsko, GeNnTbk,
Ma3HWHU, KpaBK, cyx 6e3macsieH ocTaTbK
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SUMMARY

A physicochemical analysis of milk
obtained from cows at the first lactation
from following breeds was made:
Simmental (I group), Montbeliarde (Il group)
and Bulgarian Rhodope Cattle (Il group).
The groups were bred under the same
feeding conditions in the area of RIMSA-
Troyan. Studies have shown that, in terms
of fat, protein and dry matter content in
milk, Simmental and Montbeliard Cattle
were inferior to the Bulgarian Rhodope
Cattle. The organoleptic evaluation showed
no differences in taste, colour and texture.

The acidity and density of milk meets the
established standards. The solids non-fat
residue (SNF) of the representatives of the
three breeds shows values above 8%, which
was an indicator of well-performed selection.

Analysed milk can be used as a feedstock
for the development of various functional
health products.

Key words: milk, protein, fat, cows,
solids non-fat residue



YBO/,

MNSAKOTO e XpaHUTesieH NPoAYKT C
NIECHO YCBOUMM U MbIHOLEHHN CBHCTaBKU.
Coabpxa BOAA, MPOTEMHU, MAa3HWUHW,
M/IeyHa 3axap, MWHepasiHu BeLlecTsa,
€H3UMKN, BUTAMUHK, XOPMOHW, WMYHHU
Tena un ap. CblEBPEMEHHO, TO € eUH OT
Hali-pucKkoBUTE MPOAYKTW, 3aloTo ce
pa3Basis /IecHo, nopajmn KpaTtkus CpPoK Ha
CbXpaHeHue. Haii-macoBO U3M0s3BaHO U
npepaboTBaHo e KpaBeTo MAAko. OKoso
85 % OT npon3BeneHOTO MJIAKO MO CBeTa
€ KpaBe, a B HAKOW CTpaHu TO3W NPOLEHT
npesnwasa 99% (ABcTpus, Benukobpu-
TaHus, JaHuna, KaHaga, CAL, Hugepna-
s, AnoHus). Y Hac KpaBeTo MJISKO
ob6xBawa 82-85% OT 06WOTO NPOU3BOA-
ctBo (Peychevski and Chomakov, 1988;
Dimitrov et al., 2008; Zahariev et al., 2017).

KauecTBeHus1 CcbCTaB Ha KpaBeTo
M/IIKOTO € OCOGEHO BaXKeH 3a TexHO/0-
rmsaTa Ha nNPOW3BOACTBOTO Ha MJIEYHMU
NPOAYKTU U Aenuvkatecu. PasnuyHure no-
poav roeeja nmat pasHoobpaseH, kavec-
TBEH CbCTaB Ha MnAkoTo (Bauman and
Grinari, 2003; Cabiddu et al., 2005;
Mihailova and Odjakova, 2006; Marinova
and Pashova, 2011; Rostova and Zhukov,
2012; Gosteva et al., 2017).

Cnopeg Castillo et al. (2013) otrnex-
[AHETO Ha MPEeXMBHW >XUBOTHM HAa CBO-
6ogHa nawa, npu gaxba 6orata Ha pacTu-
TENHN eKCTPakTn nogobpsBa KavyecTBOTO
Ha M/IIKOTO U MEcOTO U [aBa Bb3MOX-
HOCT fa ce nonyyar npoAyKTu, oTroBaps-
WM Ha KoHuenuuaTa 3a (yHKUMOHasHa
XpaHa 1 fmeTuka Ha YoBeka.

Hamiti et al. (2014) npu nscnegga-
He Ha KpaBe MNSAKO B MeT pas/iMyHu
paiioHa Ha Anb6aHua YyCTaHOBUAW, 4e
CbbpXaHNeTo cpefHO Ha cyx 6e3mac-
NleH ocTtaTbk e 8,77%, Ha Ma3HuHu e 3,85
%, Ha npoTteuHu e 2,86 %, a NAbLTHOCTTA
e 1,0289 kg/l n kucenuHHoctTa no
ToopHep e 17,37.

Wangdi et al. (2016) unscnegsanu
napameTpu Ha Kpase MJ/ISIKO npes3 pas/iny-
HN Ce30HM OT pas/IyHM MOopoaAM W Mosy-
Yyun cnepHUTe pesyntartu: cyx 6esmacneH
ocTtatbk oT 8,35 g0 8,61, masHuHu ot 4,80
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INTRODUCTION

Milk is a food product with easily
digestible and complete ingredients. It
contains water, proteins, fats, milk sugar,
minerals, enzymes, vitamins, hormones,
immune bodies etc. At the same time, it is
one of the most risky products because it
spoils easily due to its short shelf life. The
most widely used and processed is cow's
milk. Cow’s milk is about 85% of the
production in the world, and in some
countries this percentage exceeds 99%
(Austria, Great Britain, Denmark, Canada,
USA, Netherlands, Japan). In Bulgaria,
cow's milk covers 82-85% of the total
production (Peychevski and Chomakov,
1988; Dimitrov et al., 2008; Zahariev et
al., 2017).

The quality composition of cow's
milk is especially important for the
technology of production of dairy products
and delicacies. Different cattle breeds
have a diverse, qualitative milk composition
(Bauman and Grinari, 2003; Cabiddu et
al., 2005; Mihailova and Odjakova, 2006;
Marinova and Pashova, 2011; Rostova
and Zhukov, 2012; Gosteva et al., 2017).

According to Castillo et al. (2013)
the cultivation of ruminants on free
grazing, with a ration rich in plant extracts
improves the quality of milk and meat and
makes it possible to obtain products that
meet the concept of functional food and
human diet.

Hamiti et al. (2014) in a study of
cow's milk in five different regions of
Albania found that the average content of
dry fat-free residue was 8.77%, fat was
3.85%, protein was 2.86%, and the
density was 1.0289 kg/l and the acidity
according to Turner is 17.37.

Wangdi et al. (2016) studied the
parameters of cow's milk in different
seasons of different breeds and obtained
the following results: dry fat free residue
from 8.35 to 8.61, fat from 4.80 to 5.11%,



no 5,11%, npotenHn ot 3,05 po 3,14,
Touka Ha 3ampb3BaHe oT -0,52 go — 0,55.

Llenta Ha HalweTo npoyyBaHe belue
Ja ce u3cneasar opraHosIenTUYHUTE (CeH-
30pHN) KayecTBa U PU3UKO-XUMUYHUS CbC-
TaB Ha MISIKOTO Ha KpaBu Ha MbpBa NakTa-
uma oT nopoamTe CumeHTan, MoH6envapg,
n Bbnrapcko poaoncko roBefo OoTriex-
JaHn, nacuuwHo B palioHa Ha CpegHa
Crapa nnaHuHa.

MATEPWNAN N METO4WA

W3cnepBaHeTo ce npoBege BbB
doepmata Ha WHCTUTyTa MO MIaHWHCKO
XMBOTHOBBACTBO W 3emegenve-TposiH
npe3 nepuoga maii-toHn 2019 roguHa c
KpaBy Ha MbpBa sakrauus oT nopogute
CumeHTan, MoH6envapg u bbarapcko
POLONCKO roBefo OTreXAaHn NacuLHO.
3a oueHKa Ha KayecTBeHMS CbCTaB Ha
N3cneBaHOTO MJISIKO 6sixa cdhopmumpaHin
no MeToja Ha aHaso3uTe TpW rpynu oT no
6 kpasu: (I rpyna) nbpBOTENKM OT MOpPO-
pata Cumentan, (Il rpyna) XuBOTHU OT
nopogara MoH6ennapg w (Il rpyna)
npeacTaBuMTeNN Ha nopojara, bbvnarapcko
pofoncko roesefo. Kpasute ce oTriex-
Jaxa nacullHo, KaTo nosydyaBaxa fAOMb/I-
HUTEJTHO NO 4 Kg KOHLEHTpUpaH dypax u
Beuep no 8 kg nnMBaaHoO ceHo. B3etun 6sixa
nHauBMAyanHun npobm (3 cepum no 6
6pos) 3a OpraHoNenTUYHO (CEH30PHO) U3-
cnefiBaHe W oueHKa Ha (PU3NKO-XUMUYHUTE
nokasartenu.

OpraHonenTuyHaTa (ceH3opHaTa)
OuUEeHKa e HanpaseHa 0T 3 4YieHHa rpyna,
cbrnacHo wmogudmumpaHa 100 6anHa
ckana, no Marinova and Pashova (2011).
3non3eaHu ca opraHoNenTuyHmn (CeH3op-
HW) MeTOoAM 3a onpefesnisiHe Ha nokasa-
TenuTe: BKyC, MUPUC, LBAT, BbHLUEH BUA, U
KOHCMCTEHUNS M CBbCTOSIHME Ha OrMakoB-
KaTa 3a TpaHcnopTupaHe Ha npo6u.

B npobute MASKO aHanusnpaxme
no oM3NKO-XUMUYHU METOAM: BOAa, CYXO
BeLlecTBO, Cyx 6e3macsieH ocTarbk, Mas-
HWHW, NPOTENHU, NABTHOCT, pH, K1CeNuH-
HOCT M Temnepatypa Ha 3amMpb3BaHe C
nomoLyta Ha anapara COMBIFOSS-5000
W CTaH4apTHWU METOAN.
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protein from 3.05 to 3.14, freezing point
from -0.52 to -0.55.

The aim of present study was to
observe the organoleptic (sensory)
properties and physicochemical composition
of milk of first lactation of cows of
‘Simmental’, ‘Montbeliarde’ and ‘Bulgarian
Rhodope cattle’ grazing in the region of
the Central Balkan Mountain.

MATERIAL AND METHODS

The study was conducted on the
farm of the Research Institute of Mountain
Stockbreeding and Agriculture - Troyan in
the period May-June 2019 with ‘Simmental’,
‘Montbeliard’ and ‘Bulgarian Rhodope
Cattle’ cow breeds in first lactation raised
on pasture. To assess the quality
composition of milk, three groups of 6 cows
were formed by the method of analogues:
(I group) first-calf heifers of ‘Simmental’
breed, (Il group) animals of ‘Montbeliard’
breed and (lll group) representatives of
‘Bulgarian Rhodope Cattle’.

The cows were grazing, receiving an
additional 4 kg of concentrated fodder and
8 kg of meadow hay in the evening.
Individual samples (3 series of 6 pieces)
were taken for organoleptic (sensory)

examination and evaluation of
physicochemical parameters.
The organoleptic (sensory)

assessment was made by a 3-member
group, according to a modified 100-point
scale, according to Marinova and
Pashova (2011). Organoleptic (sensory)
methods were used to determine the
parameters: taste, smell, colour,
appearance and consistency and condition
of the package for transporting samples.

Physico-chemical methods were
used to analyze: water, dry matter, dry
non-fat residue, fats, proteins, density,
pH, acidity and freezing point using the
COMBIFOSS-5000 apparatus and
standard methods.



[JaHHnTe 6sixa 06paboTeHn no
MeToAuTe Ha BapualMoHHaTa CTaTucTu-
Ka, C nmomoluta Ha nporpama ,Statistica-
2000“ n npeacTaBeHn B TabnuLm.

PE3YJITATU N OBCBXXOAHE
Pesyntatute oT opraHonentuyHaTa
(ceH3opHaTa) oOueHKa Ha KpaBe MJISIKO
Nnosly4eHo OT MbPBOTESKW, OTINEXAAHU
nacuwHo B ycnosusaTta Ha CpegHa Crapa

nnaHWHa e npegcraseHo B Tabnuua 1.

Data were processed by the
methods of variation statistics, using the
program "Statistica-2000" and presented
in tables.

RESULTS AND DISCUSSION
The results of the organoleptic
(sensory) evaluation of cow's milk
obtained from first-calf feifers bred in the
conditions of the Central Balkan Mountain
are presented in Table 1.

Tabnuua 1. Pe3yntatn oT opraHosenTuyHaTa(CeH30pHa) OLeHKa Ha KpaBe MJISKO
no 100 6anHa, moandmumpaHa ckasa, paspaboreHa oT Marinova and Pashova

(2011)

Table 1. Results of the organoleptic (sensory) evaluation of cow’s milk on a 100-
modified grading scale, developed by Marinova and Pashova (2011)

Mokasatenw / Indicators Bano- Mopoaw / Breeds
obpasysalu CumeHTan MoH6envaps | Bbarapcko pogoncko roBeso
TOUKM Simmental Montbeliarde Bulgarian Rhodope Cattle
Scores (I rpyna / group)| (Il rpyna / group) (I rpyna /1 group)
n=6 n=6 n=6

Bkyc / Taste 30 25,50 26,70 27,80

Mwupuc / Smell 25 24,50 24,70 24,90

LigaT / Colour 20 19,70 19,33 19,50

BbHLIEH BUA, U KOHCUCTEHLMA 10 9,50 9,50 10,00

/Appearance and consistency

OnakoBku / Packages 15 15,00 15,00 15,00

o6w, 6an 100 94,20 95,23 97,20

B 3aBMCMMOCT OT 06WMA 6Gpoii
TOYKM M OLEHKaTa 3a BKYC U MUpUC e
npeanoXeHo, NPsACHOTO KpaBe MAKO Aa
ce npvemMa 3a CTaHAapTHO NO opraHo-
NenTNYHN (CEH30pHM) MokasaTenun, ako e
noayunno 6asiHa oueHKa He Mo- Masko oT
70 TOYKM, a 3a nokasaTtesiMte BKYC WU
MVPUC HE NO-MavsIKo OT 39 TOUKMU.

W3cnepgsaHuTe nopoan nokpmeat
npeasioXeHnss cTaH4apT C BUCOKWU CTOIA-
HocTu. C Haii-B1Cok 6as e cypoBOTO, Kpa-
Be MNAKO OT bwbarapckoto popgoncko
roeegqo ¢ 97,20 TOuKM, cnepBaHoO OT
MoH6ennapg, ¢ 95,23 Toukn n CumeHTan
€ 94,20 Toukn. CpaBHEHUTE NPOOU U Ha
TpuTe nopoau, kpasu umat cnabo cnag-
HUKbB BKYyC, 6€3 HaiMume Ha NpuUBKYC.
LiBeTbT e xapakTepeH 3a Buaa, ¢ Kpemas
OoTeHbK. KoHcucTeHumaTa e efHopofHa
TEYHOCT 6e3 yTailkKm u 3aMbpcsiBaHus.
OnakoBkuTe 3a MNPeHoc ca 4uctm wu
acenTuyHu.
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Depending on the total number of
points and the evaluation of taste and
smell, it is suggested that fresh cow’'s milk
to be considered as a standard in terms of
organoleptic (sensory) indicators, if it has
received a score of at least 70 points, and
for the indicators of taste and smell not
less than 39 points.

The studied breeds cover the
proposed standard with high values. The
highest score is for the raw, cow's milk
from ‘Bulgarian Rhodope Cattle’ with
97.20 points, followed by ‘Montbeliarde’
with 95.23 points and ‘Simmental’ with
94.20 points. Compared samples of all
three cow breeds had a slightly sweet
taste, without the presence of aftertaste.
The colour is characteristic of the species,
with a creamy tinge. The consistency is a
homogeneous liquid without sediments
and impurities. The transport packaging is
clean and aseptic.




MonyyeHUTe OT Hac JaHHU ca
6/1M3KN MO CTOMHOCT M KopecnoHaupaT ¢
faHHuTe, nonyyeHn ot Slavchev et al.
(2003) n Marinova and Pashova (2011).

XpaHuTenHata CTOMHOCT Ha m3cnej-
BaHWUTE OT HaC KpaBy MJieka U KayecTBOTO
Ha noslyyeHuTe OT THAX, Npu npepaboTka,
MJIEYHW NPOAYKTU ca B Npsika 3aBUCUMOCT
OT KO/INYECTBOTO M CBLOTHOLUEHWETO Ha
OTAe/IHUTE CBLCTaBKU. PUINKO-XUMUYHUA
CbCTaB Ha CYpOBO KpaBe M/SAKO Ha
MbpBOTENKATE OT nopogute CumeHTan,
MoH6envapa W bbarapcko poaoncko
roeego, OTIiexaaHu naculiHo B paiioHa
Ha CpepgHa CTapa nnaHvHa e npencraBeH
B Tabnuua 2.

Bopata u3nbsiHABa pons Ha pas-
TBOPUTEN Ha OPraHNYHU N HeopraHW4vHU
BellecTBa B MJIAKOTO W MpeacTas/isBa
cpefa B KOATO ce pasBuBat pasHoobpas-
HW eH3UMHU npouecu. lNMpu nuscnegsaHuTe
OT Hac cypoBu Mmsieka, Bapupa ot 87,56 %
0o 87,93 %.

Mpu pasnnyHuTe BUAOBE MASKO,
CyXOTO BeLlecTBO ce Konebae B rpaHu-
uute mexagy 11 n 18 %. To e c Haii-
BMCOKM CTOMHOCTU MpPU XMBOTHUTE OT
nopogara bbnrapcko poJoncko roseno
12,44 %, cnegBaHu OT Te3M Ha nopogara
MoH6envnapg 12,19 %, M C Hal-HUCKM
CTOMHOCTM Cca XMBOTHUTE OT nopojata
CumeHTtan 12,07 %. Pasnnknute ca cpas-
HUTENHO MasikM, CbOTBETHO B MOpALbKa
Ha 0,25 % n 0,37 %(p<0,05).

Data obtained in the present study
is close in value and correspond to one
obtained by Slavchev et al. (2003) and
Marinova and Pashova (2011).

The nutritional value of dairy cows
studied and the quality of the dairy
products obtained in the present
experiment, during processing, are
directly dependent on the quantity and the
ratio of the individual ingredients. The
physico-chemical composition of raw
cow's milk of first-calf feifers of
‘Simmental’, ‘Montbeliarde’ and ‘Bulgarian
Rhodope cattle’, raised on pasture in the
region of the Central Balkan Mountain, is
presented in Table 2.

Water acts as a solvent for organic
and inorganic substances in milk and is
an environment where various enzymatic
processes develop. It varied from 87.56%
to 87.93% in the raw milk studied in the
present experiment.

In the different types of milk, the dry
matter varied between 11 and 18%. The
highest values are registered in milk of
‘Bulgarian Rhodope Cattle’ with 12.44%,
followed by ‘Montbeliarde’ with 12.19%,
and the lowest values were found in
‘Simmental’ with 12.07%. The differences
are relatively small, in the order of 0.25%
and 0.37%, respectively (p <0.05).

Tabnuua 2. PU3MKO-XMMUYEH CbCTaB Ha CypOBO, KpaBe MJISAKO MOJIy4YeHO OT
NbPBOTENKM OTINIEXAaHW NAacULHO B palioHa Ha CpegHa CTtapa naaHnHa

Table 2. Physico-chemical composition of raw cow’s milk obtained from first-
graders raised on pasture in the region of Sredna Stara Planina

Mokasatenu / Indicators CumeHTan | MoH6envapp, | Bbarapcko pogoncko rosefo
Simmental | Montbeliarde | Bulgarian Rhodope Cattle
n=6 n=6
Boga / Water % 87,93+0,04| 87,81+0,03 87,56+0,04
Cyxo BellecTso / Dry matter, % 12,07+0,06| 12,19+0,27 12,44+0,04
Cyx 6e3macneH octarbk / Dry fat free residue,% 8,74+0,05 | 8,48+0,13 8,87+0,06
MacneHocT / Milk fat,% 3,69+0,04 | 4,04+0,09 4,71+0,06
MpoTteunH / Protein,% 3,33+0,06 | 3,25+0,03 3,3940,03
MnbTHOCT / Density, °A 31,90+0,46| 30,63+0,14 33,44+0,36
IAKTUBHA KncenuHHocT / Active acidity (pH) 6,44+0,48 | 6,53+0,05 6,57+0,09
KnucenurHoct / Acidity, °T 18,00+2,58| 17,4+0,39 17,7+0,49
TemnepaTypa Ha 3ampb3BaHe / Freezing temperature, °C |-0,58 £1,34| -0,56+1,63 -0,59+0,11

P<0, 05
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CyxuaT 6e3macneH ocTaTbk € C
Han-BUCOKN CTOMHOCTM NPU NbPBOTENKNUTE
OT nopofjara bbnrapcko poAorncko roeeno
8,87 %, cnepaBaHu OT XXMBOTHUTE OT NMOpPO-
pata CumeHTan 8,74 % un T1e3n OT Nopo-
parta MoH6enuappg 8,48 %. MNokasaHuTe
pas3nvkm ca masiku, cboTtBeTHO 0,13 % u
0,39%(p<0,05).

MneyHaTa MasHUHa Oka3Ba BUA-
HMEe BbpXy CyXOTO BELLECTBO, Tbil KaTo
nog Bb3AEWCTBUMETO pPas3UYHN aKTopu
rnokasea kosiebaHue B LUMPOKM rPaHuLLn.
Ta ce xapaktepusunpa C JsiecHa ycBosie-
MOCT OT YOBELLKUSA opraHn3bM. MasHUHK-
Te Ha u3cnenBaHOTO MIAKO ca BbB BU[,
Ha cycneHsus. TyK NnpeBb3X0ACTBOTO € 3a
npeacrasutenute Ha bwbarapckoto po-
JOncko roseno ¢ 4,71% mMnievyHn MasHu-
HW, crefiBaHN OT XMBOTHUTE Ha OT NOpo-
pata MoH6envappg ¢ 4,04% mMneyHn mas-
HVHW, a NnpeAcTaBuTenuTe Ha nopogara Cu-
MeHTa/1 NoKa3axa MsieyHa Ma3HuHa 3,67%.

MnskoToO ocurypsiBa Ha 4oBeka
ronemMu Ko/fmyectBa BMCOKOKAYECTBEHMU
6enTbumMHU. Mo cbabpXaHve Ha npoTeu-
HU un3cnefBaHUTE CYpOBWU MJieKa MOKas-
BaT Hali-BMCOKN CTOMHOCTU NPW XXMBOTHU-
Te OT nopoparta bwbarapcko poaoncko
roeego - 3,39%, cnegsaHu OT Te3n Ha no-
popara CumeHtan ¢ 3,33%, 1 Ha nocneg-
HO MSICTO MO pe3ynTaT ca >XWBOTHUTE OT
nopogara MoH6envapg ¢ 3,24%. MNMoka3sa-
HUTE pasIMkM ca CbNOCTaBMMO MasKu,
cboTBETHO ¢ 0,06% u ¢ 0,15%(p<0,05).

MnbTHOCTTA € MacaTa Ha MASAKOTO
npun 20 °C, cbaobpxawa ce B eavHuLa
o6eM. HopmanHata NbTHOCT 3a KpaBeTo
M/ISIKO TOBOPM 3a Heroeata eCTeCTBEHOCT.
Mpu n3cnepgaHnTe OT HaC CYpOBU MIeka,
TS nokasea cnegHute crtoiHocTu: 30,63
°A 3@ MNISIKOTO MOJIyYEHO OT XMBOTHWU OT
nopogara MoH6envapg, 31,90 °A 3a mns-
KOTO NOJIly4eHO OT MpeacTaBuTenuTe Ha
nopoga CumeHTan n 33,44 °A 3a MNAKOTO
noslydeHO OT XMBOTHU Ha BbArapckoto
poponcko rosefo. NpeacraButennte n Ha
TpuTe nopoau nokasesaT  AONycTUMMU
napameTpu.

AKTUBHa KucesimHHocT (pH) e noka-
3aTen xapakrepusupall, akTMBHOCTTa Ha
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The dry fat free residue had the
highest values in the first-calf feifers of
‘Bulgarian Rhodope Cattle’ with 8.87%,
followed by ‘Simmental’ with 8.74% and
those of ‘Montbeliarde’ with 8.48%. The
shown differences are small, respectively
0.13% and 0.39% (p <0.05).

Milk fat affects the dry matter,
because under the influence of various
factors it shows fluctuations in a wide
range. It is characterized by easy
digestibility by the human body.

Fats in the test milk were in the form of a
suspension. Here the superiority is for the
representatives of ‘Bulgarian Rhodope
Cattle’ with 4.71% milk fat, followed by
‘Montbeliarde’ with 4.04% milk fat, and the
representatives of ‘Simmental’ with 3.67%
milk fat.

Milk provides humans with large
amounts of high quality protein. The
highest value of protein content was
registered in raw milk of ‘Bulgarian
Rhodope Cattle’ with 3.39%, followed by

those of ‘Simmental’ with 3.33%, and
‘Montbeliard breed with 3.24%.
The shown differences are small,

respectively 0.06% and 0.15% (p<0.05).

Density is the mass of milk at 20°C
contained in a unit volume. The normal
density for cow’s milk shows its naturalness.

In the raw milk studied here, it shows the
following values: 30.63 °A for milk from
‘Montbeliarde’, 31.90 °A for milk from
‘Simmental’ and 33.44 °A for milk
obtained from ‘Bulgarian Rhodope Cattle’.

Representatives of all three breeds show

acceptable parameters.

Active acidity (pH) is an indicator
characterizing the activity of H+ ions. The



H+ oHW. OCHOBHWUTE M3TOYHWLM HA BOAO-
poOAHM KaTMOHM B CYpPOBOTO MJISKO Ca
KACE/IMHHN KOMMOHEHTN B AucouumpaHa
hopma. Hail-Bucoka € akTuBHaTa Kuce-
JINHHOCT Ha MJISIKOTO NOJTyYEHOTO XMBOT-
HUTe Ha nopofaTta Bbnarapcko pononcko
roeego, pH 6,57, a Haii-H1CKa Ha MISKOTO
noslyyeHoO OT JKMBOTHM OT nopojara
CumeHTtan pH 6,44. MngkoTo noJslydeHo
OoT nopogata MoHGenunapz 3aema Mex-
OWHHO noJsioxeHn ¢ pH 6,53.

Tutpyema (06wWa, noTeHUMasnHa)
KuCesnIMHHOCT. M3pa3saBa ce B rpafycu no
TbopHep (°T). 3aBucU OT CbCTaBa Ha
MJ/ISKOTO U CbCTaBa Ha u3nonssaHuTe dy-
paxu. MNpn nscneasaHuTe oT HacC CypoBu
M/fleka € B HOPMasIHW CTOMHOCTW, CBOT-
BeTHO 17,4 °T 3a XUBOTHWUTE OT nopojata
CumeHTan, 17,7 °T 3a X1BOTHWUTE OT MOpPO-
pata MoH6envapg, n 18,0 °T 3a XMBOTHUTE
oT nopogaTta bbarapcko pogoncko roseso.

Toukarta Ha 3aMpb3BaHe e fnokasa-
Ten 3asucell, OT OCMOTUYHOTO HandAraHe
Ha conute 1M e dhakTop B/Usel BbpXY
€CTeCTBEHOCTTa Ha CypOBOTO MJISAKO.
Toukarta Ha 3aMpb3BaHe Ha MIAKOTO Mpu
Tpute nopoan Bapupa ot -0,56°C 3a
XMBOTHUTE OT nopogarta MoH6envnapg, o
-0,59°C 3a xnBOTHUTE OT nopogata bbi-
rapcko pogoncko rosego. lNpeacrasute-
nite Ha nopogata CumeHTas1 3aemaTr
MEeXOMHHO NnosioXeHu ¢ pesynrtar -0,58°C.
Moka3aHuWTe CTOWHOCTM Ca B pamkuTe Ha
[0nycTUMOTO.

MMonyyeHuTe OT Hac pesynrtaru ce
pobnmwkasar Ao pesyntatute Ha Hamit et
al. (2014), Wangdi et al. (2016) n Gosteva
et al. (2017), a B HSIKOM OTHOLLEHMWA TV "
Jonbnsar.

N3BOAN

TpuTe nopoan KpasBwu M3cnenBaHu
npe3 naculLHNsS CEe30H, NoKas3BaT CbCTaB
Ha M/ISIKOTO, Noaxofsly 3a npepaboTka B
MJIEYUHU NPOAYKTU W AenukaTecu. XUrnex-
HUTE U OpraHoMENTUYHNTE XapakKTepucTu-
KM Ha MPOYYEHUTE CYpPOBU, KPaBM Miieka
rapaHTupaT 6e30MacHOCT 3a 34paBeTo U
[06Bbp BKyc 3a xoparta. Cyxust 6Gesmac-
NIEH OCTaTbK Ha NpeAcTaBUTESIKUTE Ha

34

main sources of hydrogen cations in raw
milk are acidic components in dissociated
form.

The highest active acidity of milk was
registered for ‘Bulgarian Rhodope Cattle’,
pH 6.57, and the lowest for ‘Simmental’
with pH 6.44. Milk from ‘Montbeliarde’
occupied intermediates with pH 6.53.

Titratable (total, potential) acidity. It
is expressed in degrees Turner (°T). It
depends on milk composition and feed
composition.

It is in normal values in the raw milk in this
experiment, respectively 17.4 °T for
‘Simmental’, 17.7 °T for ‘Montbeliarde’,
and 18.0° T for ‘Bulgarian Rhodope Cattle’.

The freezing point is an indicator
that depends on the osmotic pressure of
the salts and is a factor influencing the
naturalness of raw milk. The freezing
point of milk in the three breeds varies

from -0.56°C for the animals of
‘Montbeliarde’ to -0.59°C for ‘Bulgarian
Rhodope Cattle’. Representatives of

‘Simmental’ breed occupy intermediate
positions with a result of -0.58°C. The
values shown are within the allowable
range.

Our results are close to those of
Hamit et al. (2014), Wangdi et al. (2016)
and Gosteva et al. (2017), and in some
respects complement them.

CONCLUSIONS

The three cow breeds examined
during the grazing season show milk
composition suitable for processing into
dairy products and delicacies. The
hygienic and organoleptic characteristics
of studied raw cow’s milk guarantee safety
for health and good taste for people.
Solids non-fat residue of the
representatives of the three breeds



TpUTE Nopoan Mokasea CTOWHOCTM Hag 8%,
npe3 NposieTHO-NIeTHUS Nepuoa, KoeTo e no-
kasaTes 3a Ao6pe U3BbPLIBaHA CeMeKLms.

showed values over 8% during the spring-
summer period, which is an indicator of
well-performed selection.
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