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PE3HOME

CbBpeMeHHUTE noTpebutenn cra-
BaT BCE MO-UH(OPMUPAHN OTHOCHO BPb3-
KaTa Mexay AveTa u 34paBeH cTaTyc.
HapacTBalloTo TbpCeEHE Ha 34paBOC/I0B-
HW NPOAYKTU € B pe3yntar OT CTpemexa
3a HamansiBaHe Ha pasxoauTe 3a 34pas-
HO 06cCnyXBaHe, yBesMyaBaHe MNpoabI-
XUTENHOCTTA Ha XMBOTA W NOAAbPXaHe
Ha A06po 61arocbCTOSIHME.

ABTOpUTE npeacTaBAT MHGopMma-
Uus 3a HOBM (OYHKLMOHA/THU XpaHu Ha
MecHa OCHOBa C NoAobpeH MacTHOKuce-
JIMHEH cbeTaB. N3roTBeHun ca nnodounnnsu-
paHu MpoAyKTW OT 3aellko Meco c Joba-
BEH EKCTPaKT OT CNMpy/vMHa 1 Mallepka.
MonyyeHnTe ekcnepvMeHTaslHU pesynTa-
TW [okasBaT, Ye M3M0M3BaHeTO Ha Tasu
KOMOMHaumMs BoAM [0 YyBennyaBaHe Ha
KOHUEHTpauuntTe Ha nonu- u MOHOHe-
HaCUTEHN MaCTHU KUCENWNHW, KaKTo U [0
BMCOKO CbAbpXaHue Ha w-6 n w-3 macT-
HWN KUCEJIMHK, 3a CMEeTKa Ha HamasisiBaHe
Ha KOHUEeHTpauuaTa Ha HacuteHute
MacTHM  KUCenuHu.  ONTUMU3NPaHMAT

SUMMARY

Modern consumers become more
and more informed about the relationship
between diet and health status. The
growing demand for healthy products is
the result from striving to reduce
healthcare costs, increase life expectancy
and maintain good welfare.

The authors present information for
new functional meat based foods with
improved fatty acid composition. Rabbit
meat lyophilized products with spirulina
and thyme extracts has been prepared.

The received experimental results prove,
that the use of this combination leads to
an increase in the poly- and
monounsaturated fatty acids
concentrations, as well as a high content
of w-6 and w-3 fatty acids, at the expense
of reduction the saturated fatty acids
concentration.



MaCTHOKMCE/NIMHEH NPOCOWT Ha 3aeLlKOTO
Meco ocurypsia nogobpsiBaHe Ha XpaHu-
TeNHWTE My KayecTBa M Bb3MOXHOCT 3a
paspaboTBaHe Ha 6e30nacHU NPoOAYyKTU C
BMCOKA  a@HTWOKCUZAHTHA  aKTMBHOCT,
3anaseHa xpaHuTesiHa CTOMHOCT W JlecHa
yCBOSIMOCT.

KnouoBm gymMn: MecHu npoaykTw,
3aelKo Meco, ChupynvHa, Mallepka,
MaCTHOKMCENIMHEH Npodnn

YBO[,
Mpe3 nocnegHUTe roguHN B Hayka-
Ta 3a XpaHeHe ce o4vyepTaBa TpaliHa TeH-
LeHUMA KbM NMpeBeHuuaTa Ha XpaHWUTesHo-
3aBuncuMKM 3ab60n5BaHNSA Ha H6a3a KOHTPON
Ha 06LUNS NPUEM Ha Kanopum U C akueHT
BbpPXy OOLLMTE XpaHUTESTHUTE HaBuuu ”
Ha4MH Ha >XMBOT, a He Ha OoTAeNHu
XpaHuTenHu BeuwectBa (Schonfeldt and
Gibson, 2008; Valchkov, 2014). MecoTo u
MECHUTE MPOAYKTW Ca BaXKEH M3TOYHUK Ha
rpagvBHM W EHepruiiHM BewecTBa 3a
opraHmsma. Te ocurypsiBaT [OHEBHUTE
HYXOW Ha 4oBeka OT MNPOTEWH, HAKOU
BUTaMnHu (pubodiiaBuH, TMamuH, Bg, Bi,
n ap.), a 30% oT HeobXoANUMOTO XEeNs3o,
Nnosly4eHo OT TAX, Ce YCBOsIBa /IECHO OT
opraHusma (Miteva et al., 2008).
CbBpeMeHHUTE TEXHOMOTNYHY
noaxoAu B MecHaTta MHAYCTpus Hanarat
HamasisiBaHe Ha obpaboTkata Ha MecoTo
N MECHUTE MPOAYKTU MNPV MHOFO BUCOKMU
TemnepaTtypu, Tbii Kato ToBa NMpean3BUK-
Ba 06pa3yBaHETO Ha MyTareHHU Cbegu-
HEHMS KaTO XETEepPOUMKINYHU aMUHU U
NOSIMLMKANYHN apoMaTHN BLINIEBOA0POAN
(Gray et al., 1996). Te3n npomMeHu ce
AbmKaT Ha nunuaHaTa okengaums B cypo-
BOTO MeCcO WU MeCHUW npoayku. Okucre-
HMETO Ha NunNuguTe B MEecoTo e npouec
CbC CbLUECTBEHO OTpPaXKEHME BbPXY Ka-
4ecTBOTO M CPOKa Ha rogHOCT Ha MecHUTe
npoayktn (Kanner, 2007). OcBeH B/oLla-
BaHe Ha BKYCOBUTE KayecTBa, nunugHarta
okcuaaums reHepvpa UWTOTOKCUMYHM W
FTEHOTOKCMYHM CbEAVHEHNs,, KOUTO ca
BpeAHU 3a 34paBeTO Ha xopaTa v BOAAT
[0 3acunBaHe Ha 06wWWTe npouecu Ha
cTapeeHe B opraHusma (Mayne, 2003).

The optimized fatty acid profile of rabbit
meat provides improvement of its
nutritional qualities and a possibility for
development safe products with high
antioxidant activity, preserved nutritional
value and easy assimilation.

Key words: meat products, rabbit
meat, spirulina, thyme, fatty acid profile

INTRODUCTION

A sustained trend towards the
prevention of nutrition-dependent
diseases, based on control of total caloric
intake and with an emphasis on common
food habits and way of life and not to
individual nutrients, is defined in recent
years, in the nutrition science (Schonfeldt
and Gibson, 2008; Valchkov, 2014). Meat
and meat products are important source
of building and energy nutrients for the
body. They provide the daily needs of the
man for protein, some vitamins (riboflavin,
thiamin, Bg, By, etc.), and 30% of the
needed iron, obtained from them, is
digested readily by the organism (Miteva
et al., 2008).

The modern technological
approaches in the meat industry require a
reduction in the processing of meat and
meat products at very high temperatures,
as this causes the formation of mutagenic
compounds, such as heterocyclic amines
and polycyclic aromatic hydrocarbons
(Gray et al.,, 1996). These changes are
due to lipid oxidation in raw meat and
meat products.

Lipid oxidation in meat is process with a
significant reflection over the quality and
shelf life of meat products (Kanner, 2007).
Besides deteriorating the taste qualities,
lipid oxidation generates cytotoxic and
genotoxic compounds which are harmful
to human health and lead to an increase
on the general processes of aging in the
body (Mayne, 2003).



EOuH oT Hali-ethekTuBHMTE MeToAM
3a KOHTpO/AMpaHe Ha fiMnuaHaTa okcuaa-
UM B MECOTO W MeCHWUTe NPOAYKTU e
M3MNON3BaHEeTO Ha  aHTUOKCUAAHTU  —
ToKodheponu, TOKoTpMeHonn, ¢aBoOHOU-
an dheHonHn knucenuuu n gp. (Laguerre et
al., 2007). N3aBeHuTe NpeanounTaHusa Ha
KOHCymatopute KbM  ynotpeba Ha
€CTECTBEHU XpaHW, Haco4yBaT Hay4yHUTe
uscneABaHns KbM Bb3MOXHOCTUTE 3a
U3MoM3BaHe Ha HaTypasiHN aHTUOKCUAH-
TW. YCTaAHOBEHO €, Ye HSKOW pacTeHus —
poO3MapuH, 3efeH Yai, mKuHoKuun,
MaiopaHa W Mallepka okassaT CuieH
UHXMOMpaLL, edekT BbpXy nunugHata
okcuaaumsa Ha mecHu npogyktu (Laguerre
et al, 2007), kato noBe4yeTo OT THX
HamupaT npuioXeHue B Ky/MHapHaTa
06paboTKa Ha pas3/iMyHM BULOBE MECO.

Bce owe He ca nscneasaHu Hamb/I-
HO Bb3MOXHOCTUTE 3a BK/IHOYBAHETO Ha
6G1O/I0TMYHO aKTMBHM BELLECTBa OT pacTu-
TeleH Npo3xog B XpaHuTenHarta TeXHOs0-
MMs KaTo aHTUOKCUAAHTHW cTabunusupa-
TOpW, OCOBEHO MpK MNPOAYKTU OT CYpOBO
meco (Toldra and Reig, 2011). 3a nocTtu-
raHe Ha To4yeH GanaHc Mexay aTvoKcu-
[aHTHOTO, OBKYCABaLOTO M apomMaTusu-
pawoTo AeiCTBME HA PaCTUTENHN eKCTpak-
TV NpW npwiaraHeTo MM KaTto [06aBkM B
MECHU MPOAYKTU, ca HEOBXOAMMU 3a4bN60-
YEHW Hay4HW N TEXHOOTUYHM N3CNeABaHusI.

OCHOBHa UEe/T Ha HacToAWwoTOo
uscnegBaHe e npocnegssaHe Ha edekta
OT BK/OYBaHe Ha cnmpynuHa (Arthrospira
platensis) n mawepka (Thymus serpyllum)
BbpPXy NpomsHaTa B MaCTHOKUCENMHHUS
CbCTaB Ha HOBU SIMOOUIM3NPAHN XPaHU
OT 3aeLlKo Meco.

MATEPVAT N METOOU

M3nonsBaHu ca cnefHUTe CypoBUHM:

3aewko Meco OT  OyT
(Oryctolagus cuniculus);

. BogHn  ekcTtpaktm  oOT
Mallepka (Thymus serpyllum) n
cnvpynuHa (Arthrospira platensis);

PactutenHu KOMMOHEHTHU:
amapaHT, cnagbk kaptod (6atar), opexu,
MOPKOBW, (PypMK, YEpBEHW UYLIKN U

The use of antioxidants -
tocopherols, tocotrienols, flavonoid
phenolic acids and others is one of the
most effective methods for controlling lipid
oxidation in meat and meat products
(Laguerre et al., 2007). Explained
consumer preferences for the use of
natural foods, direct scientific research to
the possibilities for the use natural
antioxidants.

Some plants — rosemary, green tea,
ginger, mayorana and thyme have been
found, which render a strong inhibitory
effect on the lipid oxidation of meat
products (Laguerre et al., 2007), most of
them are used in the culinary treatment of
different types of meat.

The possibilities of incorporating
biologically active substances from plant
origin in food technology as antioxidant
stabilizers, especially for products from
raw meat products, still not fully tested
(Toldrda and Reig, 2011). In-depth
scientific and technological research are
needed to achieve a proper balance
between the antioxidant, flavour and
aromatizing action of vegetative extracts
when applied as additives in meat
products.

The current study aims at tracking
the effect of incorporating spirulina
(Arthrospira  platensis) and  thyme
(Thymus serpyllum) on the change in the
fatty acid composition of new lyophilized
foods from rabbit meat.

MATERIAL AND METHODS

The following feedstocks are used:

- Rabbit meat of buttock
(Oryctolagus cuniculus);

- Aqueous extracts of thyme
(Thymus  serpyllum) and  spirulina
(Arthrospira platensis);

- Vegetative components:

Amaranth, sweet potato (batat), walnuts,
carrots, dates, red peppers and minced



M/ISSHO KOHOMEHO CceMe.

Karto BapuaHTHU
N3Mo3BaHu:

BapuaHT 1 — KoHTpona (nmo-
ounusnpaHo 3aeLlko Meco, HeTpeTnpaHo);

BapuaHT 2 - Jlnodpununsm-
paHa xpaHa OT 3aeLlKO Meco, TPeTMpaHo ¢
pa3TBOp Ha Mallepka W BK/IKOYEHU pacTu-
TE/IHNW  KOMMOHEHTW: amapaHT, Ccnagbk
KapTodh, opexu, MOPKOBU, hypMU, YEPBEHN
YYLLIKA U MAISIHO KOHOMEHO Ceme;

BapuaHT 3 — JlInodmnumanpa-
Ha XpaHa OT 3aeLlKo Meco, TpeTupaHo C
pa3TBOp Ha COMpyInHa W BK/IOYEHU
pacTutenHm KOMMOHEHTMU: amMapaHT,
cnaabk kapTodh, opexun, MOpKoBU, hypmu,
YyepBeHU YYLLKN N MNSIHO KOHOMEHO CEME.

BrnoxmmMmnyHu nicnenBaHunN:

MacTHOKUCENVHEH CbCTaB -—
M3BbplleHa e ekcTpakuuMa Ha nunuaurte
no metoga Ha Bligh and Dyer ¢ xnopo-
dopM M MeTaHon. MeTunvpaHeTo Ha
nMnuanTe ce U3BbpLUBA C aLeTus1 Xnopug,
1 nocnepgallo npuiaraHe Ha TbHKOC/OM-
Ha Xxpomartorpaduma 3a wusonupaHe Ha
METU/I0BUTE  ecTepu Ha  MacTHUTe
KncenuHu. OnpefensiHeTo Ha MacTHOKU-
Ce/IMHHMA CbCTaB Ha HOBUTE XpaHu e
npoeefeH Ha rasoB Xpomatorpad
“Shimadzu-2010“ (Kyoto, Japan).

TexHOMormyHn meToaun:

EkcTpakumna — HanpaseH e BoAeH
U3BMIEK OT Malllepka — OCUTHeHa ppora:
ropewa Boga -— 1:15. TlonyyeHuar
pa3TBop npecrtosiBa 24 yaca W OT Hero e
n3roteeH 100% pa3TBOp Ha Malepka.
AHanornyHo e usrotseH 10% pa3sTeBop Ha
cnvpynunHa.

C nony4yeHuTe pasTBopu, CypoBOTO
3aellko Meco OT 6YyT e TpeTupaHo B
npoab/HKeHVe Ha 2 Yaca.

Cyb6nnmMaLmoHHO cylleHe — Hosute
XpaHu, U3rOTBEHM Ha OCHOBaTa Ha 3aeLluko
Meco ca /MonNN3NpaHn B Cy6iMMaLMoH-
Ha uHcTanaumsa TG 16.50 Ha dmpmata
“Hochvacuum” — 'epmaHus, npu cregHuTe
TEXHOMOMMYHY NapameTpu: TemnepaTypu Ha
cyweHe — (-40)°C, Temnepatypa Ha
aecy6nmmatopa — (-65)°C, 06wo HansraHe
B cybnumatopa 0.20-0.35 mm/Hg wu
Temneparypa Ha gouscywasaHe go + 30°C.

npoou ca

hemp seed.
Variant samples were used:

- Variant 1 — Control (lyophilized
rabbit meat, untreated);

- Variant 2 — Lyophilised rabbit
meat food, treated with solution of thyme
and included vegetative components:
amaranth, sweet potato, walnuts, carrots,
dates, red peppers and minced hemp
seed,;

- Variant 3 — Lyophilized rabbit

meat food, treated with solution of
spirulina  and included  vegetative
components: amaranth, sweet potato,

walnuts, carrots, dates, red peppers and
minced hemp seed.

Biochemical studies:

Fatty acid composition — Lipid
extraction is done by Bligh and Dyer
method with chloroform and methanol.
Methylation of the lipids is accomplished
with acetyl chloride and subsequent thin
layer chromatography to isolate the
methyl esters of the fatty acids. The
determination of the fatty acid composition
of the novel foods has been performed on
a Shimadzu-2010 gas chromatograph
(Kyoto, Japan).

Technological methods:

Extraction — A water retrieve of
thyme is made — saturated drug: hot water —
1:15. The resulting solution stays for 24
hours and 100% thyme solution is
prepared from it. 10% solution of spirulina
is prepared, analogously.

Raw rabbit meat of buttock is
treated for 2h with the solutions obtained.

Sublimation drying — New foods
made from rabbit meat are lyophilized in a
TG 16.50 sublimation plant at Hochvacuum,
Germany, with  following  process
parameters: drying temperatures — (-40)°C,
desublimator temperature — (-65)°C, total
pressure in the sublimator 0.20-0.35
mm/Hg and drying out temperature up to
+ 30°C.



PE3YJITATN N OBCBXAAHE

Mpn paspaboTkata Ha BCEKM HOB
XpaHuTeneH npoAaykT, Ha 6asata Ha
npeABapuTeNIHO M3rpajeHa KoHuenuus 3a
MexaHM3Ma Ha B3auMOAEelCTBME Mexay
CbCTaBHUTE My 4acTu U yHKUUMUTE Ha
opraHv3ma ce onpejens HeroBoTo npegHa-
3HaueHne 1 HacoueHocT. C KOMM/IEKCHOTO
CbyeTaHue Ha MHTpagmMeHTMTe B CbCTaBa Ha
HOBUTE XpaHu ce nocTura BUCOK CymapeH gou-
31o0n0rnyeH edpekT Npu TAXHOTO NPUIOXKEHNE.

EkcnepvmeHTanHHUTEe  M3cneaBaHus
BK/IIOUBAT Cb3fJaBaHe Ha fABa Buga (yHk-
LUMOHaNHM XpaHW Ha OCHOBaTa Ha 3aelLlko
Meco, TPeTMPaHO C pasTBOP Ha Mallepka u
C pa3TBOp Ha cnupynuHa. B peuentypHute
chopmynu Ha [ABaTa BMAa XpaHu ca
BK/IIOYEHN OCBEH 3aeLlKO0 Meco WU crefHuTe
pacTUTesIHN KOMMOHEHTU: amapaHT, Cnagku
KapTodu, opexu, MOPKOBU, ypMn, YepBEHU
UYLIKW U MISIHO KOHOMEHO Cceme, KaTto e

nocturHat OGaslaHC B  CbOTHOLUEHWETO
mMexay OCHOBHUTE XPaHUTEJTHN CbCTaBKW.
[JaHHuUTEe 3a MaCTOHOKUCENNHHUA

CbCTaB Ha NUNUAUTE B MECHUTE NPOAYKTU
ca npegcrtaseHn B Tabnuua 1.

RESULTS AND DISCUSSION

At each new food product, which is
being developed, based on the
preconceived concept of the mechanism
of interaction between its constituent parts
and the functions of the organism, its
purpose and direction are determined. A
high summary physiological effect in their
application is achieved with the complex
combination of ingredients in the
composition of novel foods.

Experimental studies include the
creation of two types of functional foods,
based on rabbit meat, treated with
solution of thyme and solution of spirulina.
In the recipes formulas of both types of
foods are included besides rabbit meat
and the following plant components:
amaranth, sweet potatoes, walnuts,
carrots, dates, red peppers and minced
hemp seed, and the balance of the ratio
between the basic nutrients is achieved.

Table 1 presents data on lipid fatty
acid composition in meat products.

Tabnuuya 1. OCHOBHU Fpynn MacTHU kucenmnHm (g/100g masHuHa)
Table 1. Main groups of fatty acids (g/100g fat)

Mpynn MK 1 BapuaHT 2 BapuaHT 3 BapuaHT
Groups 1 variant 2 variant 3 variant
of fatty acids X SD X sSD X SD
HMK - SFA 47,37 9,12 34,48 1,57 31,35 1,95
MHMK - MUFA 25,78 2,82 32,30 0,78 39,03 3,80
MHMK - PUFA 19,43 0,85 28,37 0,68 26,34 1,64
2 C-18:1 TMK -
S C-18-1 TEA 2,10 2,39 5,18 0,15 9,05 0,22
> n-3 0,94 0,04 1,31 0,03 3,28 0,20
> n-6 19,86 0,87 27,06 0,65 26,20 1,23
> n-6/2n-3 21,13 0,00 20,58 0,00 8,02 0,79
> C-18:1 UMK -
S C-181 CIZJ'FA 6,29 0,61 14,77 0,35 14,36 1,61
HMK—-PK - SFA-BC 5,48 0,10 4,82 0,12 3,52 0,22

HMK — HacuTeHn macTHY KucenunHu; SFA — saturated fatty acids;

MHMK — MOHOHEHacUTEHN MacTHU kucenmHu; MUFA — monounsaturated fatty acids;
MHMK — nonvHeHacuTeHn macTHu kucenuHn; PUFA — polyunsaturated fatty acids;
TMK — TpaHc-MacTHY kucenuuu; TFA — tranc - fatty acids;

LIMK — unc - mactHu kucenuHn; CFA — cis - fatty acids;

HMK — PK — HacuTeHn MacTHM KUCENWHM C pasknoHeHa Bepura; SFA — BC — saturated fatty acids with

branched chain



CbBpemMeHHUTE Hay4yHW 3HaHuA 3a
3[paBOC/IOBHOTO XpaHeHe pgasart Mpuopwu-
TeT Ha HamansBaHeTo Ha noTpebsieHneTo
Ha HacuteHn mactHu kucenuum (HMK), 3a
npefoTeparaBaHe Ha CbpAevHO-CbHAO0BU
3a60/19BaHNA. YCTAHOBEHO €, Ye 3aMecTBa-
HeTo Ha HMK c nonvHeHacuTeHu MacTHU
kncenuun (MHMK), Hanpumep CbC 3eNeHYy-
LU/ 1 pacTUTEeNIHA Macna, NMoHMXaBa pucka
OT KOpoHapHa 60necT Ha CbpLETOo, AoKaTO
3amectBaHeTo Ha HMK ¢ Bbrnexugpatu He
HOCW 34paBHU NOS3N.

Modern scientific knowledge about
healthy eating give priority to reducing the
consumption of saturated fatty acids
(SFA), to prevent cardiovascular disease.
It has been found, that replacing SFA
with polyunsaturated fatty acids for
example with vegetables and vegetable
oils reduces the risk of coronary heart

disease, while replacing SFA with
carbohydrates does not bring health
benefits.

HMEK- % oT 0bWm1a MacTHOKUCENMHEH CbCTaAB
(SFA - % of the total fatty acid composition)

50
40 B 1. Bapuanr 1-
30 KoHTpona (Variant 1
-control)
20 0 2. Bapuanr 2
10 (Variant 2)
0

3. Bapuant 3
(Variant 3)

dur.1. HMK — HacnuTeHn maCTHU KUCENNHN

Fig.1l. SFA — Saturated fatty acids

MHMK - % oT 061Wm1aA MaCTHOKUCENUHEH CBCTaB
(MUFA - % of the total fatty acid composition)

50
B1.Bapuant 1-
40 KoHTpona (Variant 1
30 -control)
E2. Bapmant 2
20 (Variant 2)
10
Bl 3. BapuanTt 3
0 (Variant 3)

dur. 2. MHMK — MOHOHEHaACUTEHU MAaCTHU KUCENTNHN
Fig. 2. MUFA — Monounsaturated fatty acids



MHMK - % oT 0bWKWA MAaCTHOKUCENUHEH CbCTaB
(PUFA- % of the total fatty acid composition)

30
25 B 1.Bapuant1-
20 KoHTpona (Variant 1
15 -control)
B12. Bapuanrt 2
10 (Variant 2)
0 B 3. Bapuant 3

[y

(Variant 3)

dur. 3. NMHMK — lNonnHeHacnTeHN MaCcTHU KNCESTUHU
Fig. 3. PUFA — Polyunsaturated fatty acids

2 omera 3 - % OT 06WMA MACTHOKUCENUHEH CbCTas
(Zw-3 - % on the total fatty acid composition)

3,5
3 B1.Bapuant 1 -
KoHTpona (Variant 1 -
2,5 S
control)
2 [12. BapwanT 2 (Variant
1,5 2)
1 I ——
0,5 N B 3. BapuanT 3 (Variant
0 3)

dur. 4. w3 — MacTHU KUCesTMHAU
Fig. 4. w3 — Fatty acids



2 omera 6 - % oT 06LWMA MACTHOKUCENUHEH CbCTas
(2w-6 - % on the total fatty acid composition)

30
25

B1. Bapuaur 1 -

KouTpona (Variant 1 -

20

control)

15

B 2. Bapuanr 2 (Variant

10

2)

@8 3. Bapuanr 3 (Variant

[y
(%)

3)

dur. 5. w6 — MacTHU KNCENNHN
Fig. 5. w6 — Fatty acids

CboTHOLeHue omera -6/Zomera-3
(Ratio Zw-3/ Zw-3)

1. Bapuant 1 -

KoHTpona (Variant 1 -

control)
B 2. BapuanT 2 (Variant

2)

[y
(%)
w

B 3. BapuanT 3 (Variant
3
3)

dur. 6. CboTHOLLEHNE WH/W3
Fig. 6. Ratio w6/w3

HacuteHnte MacTHU  KMUCENUHM
(HMK) ca c Hail-BUCOKa KOHLEHTpauus
npu KOHTpONHaTa Npoba, HamansasaT npu
BapuaHT 2 (3aellko Meco, TpeTuMpaHo C
pasTBOp Ha Mallepka) WU Hai-Hucka KOH-
LUeHTpauus yctaHoBsiBaMe BbB BapuaHT

Saturated fatty acids (SFA) have
the highest concentration in the control
sample, decrease in Variant 2 (rabbit
meat treated with thyme) and the lowest
concentration is found in Variant 3 (rabbit
meat treated with solution of spirulina) —



3 (3aelwkKo meco, TpeTMpaHo C pas3TBOp
Ha cnupynuHa) — 31,35 g/100g ma3HuHa,
CNPsIMO KOHTpO/IHaTa npoba OT 3aeLlko
mMeco — 47,37 g/100g masHuHa (duryapa 1).

KonnyectBoTo Ha MOHOHeHacwuTe-
HUTe MacTHu kucennHm (MHMK) ce nosu-
wasa BbB BapuaHT 2 n 3 ¢ ot 6,5 g0
13,3 g/100 g Ma3HuHa, CrpsIMO KOHTPO-
nata, BCNeACTBME TpeTupaHeTo Ha Meca-
Ta C pacTUTe/NIHUTE eKCTPaKTW, KaTo Hai-
BMCOKa cToliHOCT 3a MHMK e ycTaHOBEHO
BbB BapuaHT 3 (durypa 2).

AHaOTMYHN ca MoJlyYeHuTe pesys-
TaT 3a NOJSINHEHACUTEHUTE MAaCTHU Kuce-
nnHn (MHMK)(®urypa 3) — koHTpona —
19,43 ¢g/100g Ma3HMHA U NO-BUCOKM
CTOMHOCTM 3a ABeTe HOBM XpaHw, KOeTo
Ce Ab/IKM Ha yBenmyaBaHe Ha CbAbpXa-
HMeTO Ha omera-3 n omera-6 MacTHuUTe
KUCENWHKN, CNPSIMO KOHTPOsiHata npoba
(durypa 4 n durypa 5).

TpeTMpaHeTo Ha 3aeLlKOTO Meco C
Mallepka BOAW [0 MOHWXaBaHe Ha
CbAbPKaHNETO Ha PasK/IOHEHW MacCTHU
KACENIMHKW, [0oKaTo npu TpeTupaHe Ha
MecoTO CbC CNUpy/MHa Te ce yBesnuya-
BaT. Te3u gaHHW Aoka3BaT aHTUMUKPOO-
HOTO AeiiCTBME Ha ekcTpakTa OT Mallep-
Ka. MNMpu obpaboTkaTa Ha MecoTo He ce
Habnogasa 3aryba Ha He3ameHUMUTE
MacCTHV KUCEJIMHWN U HamassiBaHe Ha Xpa-
HWTeNHaTa CTOMHOCT. TpeTupaHeTo He
npeau3srkea obpasyBaHe Ha onacHu 3a
YOBELLKOTO 34paBe CBOOOAHW pajnKasin.

3a€eLlKOTO MEeCo ce xapakTepusupa c
BMCOKO CbAbpXaHue Ha w-6 N w-3 MacTHU
KUCesMHU, KOeTo crnocobCcTBa 3a noBuLwaBa-
He Ha HeroBuTe XpaHWTEsIHW, BKYyCOBW U
doyHKUMOHAIHN KavecTBa. 3a mocTuraHe Ha
34paBOC/IOBEH eheKT e MPenopbYnTESTHO
CbOTHOLLEHME Ha W-6/w-3 MacTHU Kucenu-
HU B AvanasoHa 1/1 go 4/1. MonyyeHute
pesyntatu nokassart, 4Ye W3NON3BaHETO
Ha eKCTpakT! OT Ma-Liepka 1 cnupynnHa
nogo6pssar 6anaH-ca Ha CbOTHOLLUEHUE-
TO wW-6/w-3 oT 21,13 npu KOHTponaTa, 40
20,58 npu BapumaHt 2 n 8,02 — npwu
BapwuaHT 3 (Purypa 6).

OT npoBefeHNTE eKcnepumeHTasl-
HW n3cnefBaHnsA e yCTaHOBEHO, Ye Tpe-

31,35 g/100g fat, compared to the rabbit
meat control sample — 47,37 g/100g fat
(Figure 1).

The amount of monounsaturated
fatty acids (MUFA) is increased in
Variants 2 and 3 from 6,5 to 13,3 g/100 g
fat, compared to control due to the
treatment of the meat with vegetative
extracts, as the highest value for MUFA is
found in Variant 3 (Figure 2).

Similar results are obtained for
polyunsaturated fatty acids (PUFA)
(Figure 3) — control — 19,43 ¢/100g fat
and higher values for both novel foods,
due to an increase in the content of
omega-3 and omega-6 fatty acids,
relative to the control sample (Figure 4
and Figure 5).

Treatment of rabbit meat with
thyme leads to a decrease the branched
fat acids content, whereas in the
treatment of meat with spirulina, they
increase. These data prove the
antimicrobial action of the thyme extract.
In the meat processing is not observed
loss of essential fatty acids and a
reduction in the nutritional value.
Treatment does not cause the formation
of free radicals that are dangerous to
human health.

Rabbit meat is characterized by
high content of w-6 and w-3 fatty acids,
which helps to the increase of its
nutritional, taste and functional qualities.
A ratio of w-6/w-3 fatty acids in the range
1/1 to 4/1 is recommended, to achieve a
healthy effect. The received results show,
that the use of extracts of thyme and
spirulina improve the balance of the w-
6/w-3 ratio from 21,13 in the control to
20,58 in Variant 2 and 8,02 in Variant 3
(Figure 6).

Experimental researches have
shown that treatment of rabbit meat with



TUPaHeTO Ha 3aellKo MeCcO C eKCTpaKTu
OT Mallepka v cnvpyivHa BoAau Ao
nofo6psisaHe Ha MaCTHOKACENVHHUAT
npochun. TosyyeHn ca no-BUCOKU KOH-
ueHtpaumm Ha NMHMK n1 MHMK B cpas-
HEeHWe C KOHTpo/siHaTa rpyna, 3a CMeTKa
Ha HamasigBaHe Ha KOHLUeHTpauuaTta Ha
HMK, kakTo 1 no-61aronpusaTHO CbOTHOLLE-
HuMe omera 6/omera 3 MacTHU KUCETUHN.

YcTaHOBEHUTE NMPOMEHW B MOJIapHU-
T€ CbOTHOLEHUS Ha MacTHUTE KUCEeNMNHU
npes oTgesHUTe etanu ot pabotata 6uxa
MOrIM Ja ce CBbpxaT € npoTuyaliaTta,
Makap M B HUCKa CTeneH Xxuaponusa u
nunonusa. B pe3yntar Ha TOBa cCe
cb3faBar Yycnosuss 3a opMupaHe Ha
MbPBUYHU N B NO-KbCEH eTan Ha BTOPUYHA
NPOAYKTW OT IMNNAHO OKUCTIEHNE.

n3BOOM

Upes npunaraHeto Ha CbBPEMEHHU
TEXHOMOMMYHN MOAXOOM Cca Cb3fafeHun
peuentypy 3a nosiyyaBaHe Ha XpaHu OT
3aellKo Meco, TpeTupaHo C EeKCTpakT oT
cnupynuHa n maulepka, n oborateHo ¢
pacTuUTesIHn KOMMOHEHTU. M3non3BaHeTo
Ha Ta3n KOMOUHaLMs ocurypsisa ysesmya-
BaHe Ha KoHueHTpauuute Ha MMHMK nu
MHMK, 3a cmeTka Ha HamansBaHe Ha
KOHUeHTpaumaTa Ha HMK, kakto n nosu-
LEHO CbAbpXaHVe Ha W-6 N w-3 MacTHU
KucenuHu. MopobpeHusaT MacTHOKMCEe -
HEeH npodwus Ha MecoTo BoAM [0
nofo6psiBaHe xpaHuUTeNHUTe My kavyecTsa
1 faBa Bb3MOXHOCT 3a paspaboTBaHe Ha
nmonnnampaHn PyHKUMOHaUTHU KOHLIEH-
TpaTu C BMCOKA aHTMOKCUAAHTHA aKTuB-
HOCT 1 34paBOC/I0BHA CTOWHOCT.

extracts of thyme and spirulina leads to
an improvement on the fatty acid profile.
Higher concentrations of PUFA and
MUFA are obtained compared to the
control group, at the expense of
decreasing the SFA concentration, as
well as a more favourable ratio of
omega 6/omega 3 fatty acids.

The established changes in molar
fatty acid ratios during the individual
stages of the work could be related to the
ongoing hydrolysis and lipolysis, albeit to
a low degree. As a result, conditions are
created for the formation of primary and
lateral products of lipid oxidation.

CONCLUSIONS

Recipes for the preparation of
rabbit meat foods, treated with extract of
spirulina and thyme and enriched with
plant components have been created,
through the application of modern
technological approaches. The use of this
combination provides an increase in the
concentrations of PUFA and MUFA, at the
expense of a decrease in SFA
concentration as well as an increase
concentration of w-6 and w-3 fatty acids.
The improved fatty acid profile of the meat
leads to improve its nutritional properties
and gives the opportunity for the
development of lyophilized functional
concentrates with high antioxidant activity
and healthy value.
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PE3IOME

CpaBHEH e MaKpOeneMeHTHUAT U’
MUWKPOE/SIEMEHTEH CbCTaB Ha MOUNN3N-
paHo oBYe M/IAKO OT nopoga Popgoncku
yuraim n Ha nuogunmanpaHa CUH6GMOTNY-
Ha XpaHa, nosyyeHa OT CbLLOTO MASKO. B
CbCTaBa Ha MpoAykTa ca BK/IHYEHW pac-
TUTENIHN KOMMOHEeHTKH, 6oratn Ha 6uono-
TMYHO aKTUBHW BellecTBa — 3bpHEHU
(kvHoa), nnopoBe (4epeH 6b3), opexoBwu
a4k 1 noacnaauten (ppykrosa). AHanm-
3MpaHo € CbAbpPXaHMeTO Ha Makpoene-
MEHTUTE  MarHeswii, HaTpuii, Kanuin,
Kanuuin, goctop 1 Ha MUKPOENEMEHTUTE
Mef, Xensa30, UMHK U MaHraH. KoHueHTpa-
UMuTe Ha MarHesuin n HaTpuin B CUHOMO-
TUYHUS NpOAYKT HapacTeaTt ¢ 0,12 g/kg u
1,33 g/kg, B cpaBHEeHUe C Te3n B U3X04-
HaTa CypOBMHa, KOETO CbOTBETCTBA Ha
BHECEHUTE AOMb/IHUTE/HN CbCTaBkn. Hu-
BaTa Ha hocdop U Kanuuii B CMHOMOTMKA
HamasisBart, cboTBeTHO ¢ 0,47 g/kg n 1,44
g/kg. KonuuyectBOTO Ha kanuii ocTaBa
MoYTU HENPOMEHEHO B CUHOMOTUYHATA
XpaHa (4,28 g/kg), cnpsiMo KOHTposiHaTa
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SUMMARY

The macroelement and
microelement composition of lyophilized
sheep’s milk of the Rhodopean Tsigay
breed and Iyophilized synbiotic food,
obtained from the same milk, has been
compared. The product composition
incorporates vegetative components -
grains (kinoa), fruits (elderberry), walnut
kernels and sweetener (fructose), which
are rich in biologically active substances.
The content of the macroelements
magnesium, sodium, potassium, calcium,
phosphorus and the microelements
copper, iron, zinc and manganese has
been analyzed. The magnesium and
sodium concentrations in the synbiotic
product increase, compared to those in
the raw material, by 0,12 g/kg and 1,33
g/kg, which corresponds to imported
ingredients. Phosphorus and calcium
levels in the synbiotic decrease by 0,47
g/kg and 1,44 g/kg, respectively. The
potassium amount remains almost
unchanged in the synbiotic food (4,28



npoba (4,29 g/kg). CbabpxaHMeTo Ha
MUKpOENeMEHTM B paspaboTeHns npo-
OYKT ce yBenuyasa CbNOCTaBMMO C BUCO-
KOTO MM CbAbpXaHue B OPeEXOBUTE ALK U
KnHoata. KonmyecTBOTO Ha MuKpoerse-
MEHTUTE Mef, XensaA3o W MaHraH
HapacTBaT cboTBeTHO ¢ 1,49 mg/kg,
11,79 mg/kg u c 5,38mg/kg, cnpsmo
nsxogHaTa CypoBUHaA.
KnwoyoBn aymu:
Popgoncku yuram,
MUWKPOENEMEHTH,
CNMHOMOTMYHA XpaHa

OBYE  MJISIKO,
MaKpoesieMeHTH,
nnocunmsmpaHa

YBO[,

B1OMOrMYHO akTMBHUTE XpaHu ca
HOBO M MNEpPCNeKTUBHO HarnpaB/ieHNe B
XpaHutenHata uvHAycTpusa. ToBa ca
XpaHu, 06orateHn ¢ BUTaMWHN, MUHEpasT-
HWN BELLEeCTBa, XpaHuTenHu mbpu, mieu-
Hokucenn n 6udmgobaktepun, N Apyrn
NnofesHn CcbCTaBku, KOUTO perynvpar
yHKUMNTE B OpraHmMaMa M nopobpsisat
3/paBOC/IOBHUSI CTATYC Ha KOHCymMaTopuTe.

MnsKoTO 3aema OCHOBHO MSCTO B
XPaHEHETO Ha Y0BEKa, Tbil KaTo CbAbpXa
NnoyTV BCUYKM HEOOXOAUMU 3a opraHnusma
XpaHUTesIHW BelecTBa B ONTMMasTHO
CbOTHOLLEHNE.

MwHepasiHWTe BellecTBa ca Haii-
MOCTOsIHHATa CbCTaBHa 4acT Ha M/SIKOTO U
BapupaT B MHOIO TECHW [paHuuW, B
3aBMCUMOCT OT nopojarta, WHAMBMAA,
NaKTaUMOHHMS Nepuog, Ce3oHa, XpaHeHEeTo
n HAkon apyrn dhaktopu (Tsvetkova et al.,
2006; Petrova and Angelov, 2007). MoTpe6-
HOCTTa Ha J>KMBOTHWUTE OT MWHEPASHU
BEWecTBa 3aBWCM OT TsIXHATA MJieyHa
NPOAYKTUBHOCT. Mo n3cneABaHNns Ha HAKOU
yuyeHn (Khan et al., 2006; Tsvetkova and
Angelov, 2011) npu yBesiMyaBaHe KOHLIEH-
TpauusiTa Ha MuHepam B pJax6ata Ha
XWUBOTHUTE, Hanpumep O MeT U noBeue
Kunorpama, ce noBuWaBa U CbAbPXaHUETO
UM B M/ISIKOTO.

OBueTe oT nopogara Popgoncku
uurali ca HeB3WCKaTe/IHW KbM XpaHeHeTo
N ca N3LbPXINBU HA CYypOBUTE KNUMATUY-
HA W TepeHHu ycnosuss. CbCTaBbT U
cBoiicTBaTa Ha MNsAKoTO npu Luralickata
nopoga npeacraBfnsiBa MHTEpPeC Ha Mpo-
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g/kg), compared to the control sample
(4,29 g/kg). The microelements content
increases in the product obtained,
comparable to their high content in walnut
kernels and kinoa. The microelements
copper, iron and manganese amount
increases by 1,49 mg/kg, 11,79 mg /kg
and 5,38 mg/kg, compared to the raw
material.

Key  words: sheep's  milk,
Rhodopean  Tsigay, macroelements,
microelements, lyophilized synbiotic food

INTRODUCTION

Biologically active foods are both a
new and perspective trend in food
industry. Foods enriched with vitamins,
mineral substances, dietary fibres, lactic
acid and bifidobacteria, as well as other

beneficial ingredients are concerned,
which control the functions of the body
and improve the health status of
consumers.

Milk occupies a prime place in
human nutrition, due to the fact that it
contains optimal proportions of almost all
nutrients needed for the body.

Minerals are the most constant
component of milk and they vary within
very narrow limits, depending on the
breed, the individual, the lactation period,
season, feeding and some other factors
(Tsvetkova et al.,, 2006; Petrova and
Angelov, 2007). The innate needs of
animals for mineral substances depend
on their yield of milk. After the research of
some scientists (Khan et al.,, 2006;
Tsvetkova and Angelov, 2011) an
increase of mineral concentration in the
ration of animals, for example, to five
kilograms and more, results in increase of
their amount in the milk.

Rhodopean Tsigay breed sheep
are not pretentious to feeding and are
resistant to severe climatic and terrain
conditions.  The  composition  and
properties of Tsigay breed milk are of
research interest to different authors



yuyBaHe 3a pa3nnyHu aBTopu (Boykoffski
et al., 2006).

FonsAmMa yacT OT CbliecTByBalmTe
Ha nasapa npo- 1 CUHOMOTUYHM NPOLYKTU
ca paspaboTeHM Ha OcHoBaTa Ha
06e3mMacneHo WM HUCKOMACNEHO MIISIKO
(npegymHo Kpase). pon3BOACTBOTO Ha
OBYE M/AKO WU MNpPOAYKTM OT Hero e
3acTbneHo B paboTaTta Ha peguua yvyeHu
(Haenlein et al., 2007; Guillet et al., 2008).
[lo MOMeHTa B inTepaTtypaTa HAmMa gaHHM
3a CMHOMOTWYHM NPOAYKTM Ha OCHoBaTa
Ha OB4Ye MSKO OT nopoga Poponcku
uurali Cc NOBMWIEHO CbAbpXaHue Ha
6MONOTMYHO aKTMBHU BellecTBa (w-3, w-
6, CLA, MnuHepasiHu BellecTsa 1 ap.).

Llenta Ha HacTOALOTO uscnengaHe
e [fJa ce onpegenv CbAbpXaHWeTo Ha
MaKpO- U MUKPOENIEMEHTU B /IMOPUIN3N-
paHoO OBYe M/SKO OT mopoga Pogoncku
yuraii 1 NMounnsnpaH CUHOUOTUYEH
NPOAYKT, MOJSTy4EH OT HEro Ype3 gobassiHe
Ha pacTUTEeNHM KOMMOHEHTW, 6oratn Ha
61010rMYHO-aKTVBHY BeLLecTBa.

MATEPWNAN N METO4WA

Kato u3xogHa cypoBuHa 3a Mnosy-
YyaBaHe Ha CUHOMOTUYHATa SMOPUNIN3N-
paHa xpaHa e 13no0/13BaHO 0BYE MJIAKO OT
nopoga Popgoncku uuraii OT MeCTHOCT
sHoBak", rp.CmonsaH. KbM MIAKOTO € BHe-
CeH NPO6MOTMYEH KOMM/IEKC OT MJSIEYHOKMU-
cenn 6Gaktepun: Lactobacillus bulgaricus
1381, Streptococcus thermophilus 1374,

Lactobacillus acidophilus 1379 oT
Konekumata Ha WKXT, ¢ [okasaHu
nNpo6uoTuyHn ceolictea. KombuHMpaHaTta

3aKBacka OT MJ/e4yHoKucenn 6aktepum e
BK/IOYEHA B XWUAPOKO/IOMLEH Pa3TBOP Ha
XnTo3aH. 3a uenta e msnonssaH ,Chitosan”
(Deacetylated chitin, Poly (D-glucosamine)
Ha chnpma “SIGMA”.

CbCTaBbT Ha CMHOMOTUYHATA Xpa-
Ha e oborateH C HaTypasiHW pacTUTeNHu
KOMMOHEHTU — 3bPHEHU (K1HOA), N/1oJoBe
(uepeH 6b3), opexoBu A4KM W noAcna-
anten (dhpykTosa).

B kauyecTBOTO Ha KOHTposa e
N3M0N3BaHO SIMOPUIN3NPAHO OBYE MJIAKO
OT cbljarta nopoga, [06UTO OT CblumA
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(Boikoffski et al., 2006).

A great part of the existing pro-and
synbiotic products on the market have
been developed on the basis of skim or
low-fat milk (mainly from cows). The
production of sheep’'s milk and its
products is covered in the work of a
number of scientists (Haenlein et al.,
2007; Guillet et al., 2008). To date there
exist no data in literature about synbiotic
products on the basis of sheep’s milk of
the Rhodopean Tsigay breed to indicate
an increased content of biologically active
substances (w-3, -6, CLA, mineral
substances, etc.).

This study aims at determining the
content of macro- and microelements in
lyophilized sheep’s milk of Rhodopean
Tsigay breed, as well as the content of
lyophilized synbiotic product, obtained
from it by addition of vegetative
components, rich in biologically active
substances.

MATERIAL AND METHODS

Sheep’s milk from the Rhodopean
Tsigay breed in the Novak locality,
Smolyan, was used as raw material for
the production of the synbiotic lyophilized
food. A probiotic complex of lactic acid
bacteria was introduced into the milk:
Lactobacillus bulgaricus 1381,
Streptococcus thermophilus 1374,
Lactobacillus acidophilus 1379 from the
ICFT collection of proven probiotic
properties. The compound starter of lactic
acid bacteria was introduced in a
hydrocolloid chitosan solution. For this
purpose "Chitosan" (Deacetylated chitin,
"SIGMA" Poly (D-glucosamine) were used.

The composition of the synbiotic
food was supplemented by natural
vegetative components - cereal (kinoa),
fruit (black elderberry), walnut kernels and
sweetener (fructose).

Lyophilised sheep's milk of the
same breed yielded in the same region
was used as a control. Samples freezing



paiioH. 3ampa3siBaHETO Ha npobute e
OCbLUECTBEHO B X/J1afuiHa WHCTanaums c
NPUHYAUTENIHA KOHBEKLUMSA Ha Bb3AylliHaTta
cpega o Temnepatypa -35°C. Cy6numa-
LMOHHOTO CylleHe e W3BbpLEeHO B 1abo-
patopHa cyb6nMMaLvoHHa WHCTanaums Ha
dupmara - “Hochvakuum-TG 16.50" ¢
KOHAYKTMBHO HarpsiBaHe Ha nnouuTe. AHa-
NU3BT 3a onpefensaHe CbAbPXaHMETO Ha
MaKpo W MWKPOESIEMEHTU B KOHTpO/iHaTa
npoba v CMHBMOTMYHMA O6paseL e M3BbP-
lWeH Ha aTOMHO-EMWUCUOHEH CneKkTpodoTo-
mMeTbp L,AES-ICP”. Pesyntatute ca ob6pa-
60TEeHN C nomoLyTa Ha nporpameH NpoaykT
MS Office Excel.

PE3YJITATN N OBCBXAJAHE

BHeceHWTe pacTWTeNHW CbCTaBKu W
XUTO3aHa MofJo6psaBaT XU3HEeCnoco6HOCTTa
M PEesUCTEHTHOCTTA Ha MJIeYHOKucenaTa
MUKpOp/iopa Ha CUHBUOTUYHUA NPOAYKT.
XWTO3aHbT, OCBEH Ye npeacTaessiza 61oso-
TMYHO aKTMBEH KOMMOHEHT, ce MposiBaBa U
KaTo eqeKTVBEH KPUOMPOTEKTOP, KaTo
noBullaBa CTabUIHOCTTA Ha KIeTKUTe W
noBsusiBa 61aronpusiTHO NpexuBsemMocTTa
UM cnep  nvocpunmzaups.  KbM  TO3M
XULPOKOSIONA, NPEe3 NOC/EAHUTE TOAUHN UMA
0CO6EH WHTEpec Mo OTHOLUEeHWEe Herosus

cbCTas, (M3NONOTMYHO  AdeicTBue K
KayectBata My Ha npebmotuk (Kamalian et
al., 2014).

N3non3eaHWTE 6GMOreHHU CHCTaBKM
cbAbpxar dunbpu, oNnro - 1 nosmsaxapuam
U nposiBsBaT npebuoTMyHo Jeiictere. B
cbCTaBa UM BAM3aT W peavua  apyru
NOMe3HN CbCTABKN — €CEHLMATHU aMUHO - U
MaCTHW KUCENIMHW, MUHEepasiHU BellecTBa,

BUTAMWUHW, aHTUOKCUAAHTU W Ap., KOUTO

yBenmuaBaT XpaHuTenHata U fneuyebHa

CTOWMHOCT Ha CMHOMOTUYHATA XpaHa.
Jo6aBeHUTe cemeHa OT KuHOA

CbAbpXaT HAbop OT NOSIE3HN KOMMOHEHTN —
MUHepanu, BUTaAMWUHU, eCeHLMaTHU MacTHU
KNCENVHN, He3aMeHVMU aMUHOKUCESTUHM,
Makpo- U MUKpOeneMeHTU, heHonm, opyk-
To3a, D-kcuniosa, mantosa, mbpu, n gp.
(Tang et al., 2015).

OpexoBute fAakM ca 6oratm Ha
domnbpn, BUTAMMWHU oT rpyna B,
aHTMOKCHAaHTK,  6GenTbyHM  BeLLecTBa,

Ma3HUHW, KakTO 1 Ha usia rama OT Makpo- 1
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was provided by means of a refrigeration
installation at forced convection of the air
environment to -35°C. The sublimation
drying was carried out in a laboratory
sublimation installation of the company -
"Hochvakuum-TG 16.50" applying
conductive heating of the plates. The
analysis for determination of macro- and
micro-elements amount in the control
sample and of the synbiotic sample was
performed by means of AES-ICP atomic-
emission spectrophotometer. The results
were processed using software product
MS Office Excel.

RESULTS AND DISCUSSION

The vegetative ingredients
introduced as well as the chitosan
improve the viability and resistance of the
lactic acid microflora of the synbiotic
product. Besides being a biologically
active component, the chitosan, also
proved to be an efficient cryoprotector,
increasing cell stability and positively
affecting their vitalilty after lyophilisation.
As far as its composition, physiological
action and its prebiotic qualities are
concerned, (Kamalian et al., 2014), the
hydrocolloid described here has
manifested a particular interest, recently.

The biogenic ingredients used
contain fibres, oligo- and polysaccharides
and they display prebiotic activity. Their
composition includes also a lot of other
beneficial ingredients — essential amino-
and fatty acids, mineral substances,
vitamins,  antioxidants, etc., which
increase the nutritional and healing value
of the synbiotic food.

The kinoa seeds added contain a
set of beneficial components — minerals,
vitamins, essential fatty acids, essential
amino acids, macro- and microelements,
phenols, fructose, D-xylose, maltose,
fibres, etc. (Tang et al., 2015).

The walnut kernels are rich in
fibres, Group B vitamins, antioxidants,
proteins, fats, as well as a whole range of
macro- and microelements. The high



MUKpOeneMeHTU. BUCOKOTO ChbabpXaHue Ha
NO/IMHEHACUTEHN MAaCTHU KUCENMHU Hama-
NABa pucka OT CbPAEYHO-CBHAOBKU 3a60/1A-
BaHMs W nogobpsisa CbAbPXKAHUETO Ha
ainuan B kKpbBTa. ChAbpXaT CbLLO BUCOKO
KO/IM4ecTBO O-TOKOpepos, BuTamuH E,
KOUTO MMaT aHTUOKCUAAHTHO JelicTBue,
npeguMHO B NpefoTBpaTsBaHe npoueca Ha
okucnagaHe Ha nunugute (Verardo et al.,
2013; Gogoasa et al., 2016).

UepHuat 63 e  b6oratr  Ha
aHTMOKCKAaHTW, KOUTO UrpasT CbliecTBeHa
pons B npeBeHUMATa Ha CbpAevyHO-Cb0BM
3ab0naBaHNA, pak U HeBpoaereHepaTuBHM
3abonsaBaHuA. EKcTpaktute OT 6b3 umar
nonoxutesieH edekT cpelly okcuaaTtuBeH
CTpec, HamanaBaT CepyMHUTE NUNUAn, yBe-
NnyaBat MMyHOMOAy/mpalata akTUBHOCT.
Toll CbWO CbAbPXA MaKpo U MUKpoene-
MeHTn (Lamy et al., 2018).

®pykTo3aTa € efjMH OT TpuUTe AMeTnY-
HW MOHO3axapuja, 3aefHO C rnwoko3aTta u
rajiakrosara, KOMTo ce abcopbupaT ANPeKT-
HO B KpbBTa M0 BPEME Ha XpaHOCMWUIaHETO.
Ta uma no-cnabo Bb3AEWCTBME BBHPXY
HMBaTa Ha KpbBHaTa 3axap, 3a pasfvka ot
rntoKo3aTa, 3aT0Ba € U3BeCTHa 1 KaTo 3axap
3a gnabetnum (Rippe et al, 2015).

B Ta6bnuua 1 e nokasaHo CbAbpxa-
HVeTo Ha MakpoenemeHTute Ca, K, Mg, Na
n P B NuodmnnnsMpaHoTo OBYE M/SKO U
nosiyyeHata nuodpunansmpaHa CUHOGMOTMYHA
XpaHa.

Tabnmua 1. CbabpxaHue Ha MakpoenemeHtTute Ca, K, Mg,

content of polyunsaturated fatty acids
reduces the risk of cardiovascular
diseases and improves lipid levels in the
blood. They also contain a high quantity of
a-tocopherol, vitamin E, which have an
antioxidant effect, mainly in preventing the
lipid oxidation process (Verardo et al.,
2013; Gogoasa et al., 2016).

Black elderberry is rich in
antioxidants, which play an important role
in the prevention of cardiovascular
diseases, cancer and neurodegenerative
diseases. Elderberry extracts have a
positive effect against oxidative stress,
they reduce serum lipids and increase
immune-modulatory  activity. It also
contains macro and microelements (Lamy
et al., 2018).

Fructose is one of the three dietary
mono-saccharides, along with glucose
and galactose, which are absorbed
directly into the blood during digestion. Its
effect on blood sugar levels is lower,
unlike glucose that is why it is known as
sugar for diabetics (Rippe et al, 2015).

Table 1 shows the content of Ca, K,

Mg, Na and P macroelements in
lyophilized sheep's milk and in the
lyophilized synbiotic food obtained.

Na n P B

mochmnnnsnpaHo oBYe MJSIKO OT nopogara Pogoncku uuraii n nnodunmanpaHa

CMHOMOTUYHa XpaHa, g/kg (n=6)

Table 1. Macroelements content Ca, K, Mg, Na and P in lyophilized sheep’s milk
of the breed Rhodopean Tsigay and lyophilized synbiotic food, g/kg (n=6)

NvuodmnnnsnpaHa cMH6MOTNYHA
XpaHa OT OBYe MJISKO
Lyophilized synbiotic food
of sheep’s milk

NuodmnnsnpaHo
MakpoenemMeHT  OBYEe M/IAKO (KOHTPO/1a)
Macroelements  Lyophilized sheep’s milk
(control)
Ca 6,78+0,10 a***
K 4,29+0,31
Mg 0,72+0,08
Na 1,81+0,14 a**
P 3,75+0,13

5,34+0,13
4,28+0,30
0,84+0,03
3,14+0,21
3,28+0,29

P<0,05*; P<0,01**; P<0,001***

a — IMonIM3npaHo oBYe MASIKO/ModnmarpaHa CMHOMO TUYHa XpaHa OT OBYe M/ISKO
a — lyophilized sheep’s milk/lyophilized sybiotic food of sheep’s milk
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EkcnepuMmeHTaniHuTe  pesyntatu The experimental results show that
nokasear, 4e KoHUeHTpauuute Ha | phosphorus and calcium concentrations
dochop u Kanuuii B cuHOMOTMYHKSA | in the synbiotic product decrease by 0,47
nNpoAykT HamansaeaT B cpaBHeHue ¢ Te3n | g/kg and 1,44 g/kg (P <0,001), compared
B U3XOOQHOTO M/SKO, CbOTBETHO C¢ 0,47 | to those in starting milk due to their low
gkg wn 1,44 g/kg (P<0,001) nopagu | content in the imported additives (walnut
HUCKOTO UM CbAbpXaHue BbB BHeceHuTe | kernels, kinoa, black elder). According to
pobaBkn (opexoBM s4KW, KMHOa, 4vepeH | National Nutrient Database for Standard
6b3). Mo pgaHHM Ha National Nutrient | Reference Release, the amount of
Database for Standard Reference | phosphorus in walnut kernels is 3,46
Release konuuectsoTo Ha ¢hochop B | g/kg, in kinoa it is 4,57 g/kg and in the
opexoBute aaku e 3,46 g/kg, B kuHoata e | black elder - 0,39 g/kg. The amount of
4,57 g/kg, a B YepHusa 6b3 — 0,39 g/kg. | calcium in walnut kernels is 0,98 g/kg, in
CbabpXxaHMeTo Ha Kanuuin B opexosute | the kinoa seeds it is 0,47 g/kg, and in
aakm e 0,98 g/kg, B kmHoata e 0,47 g/kg, | black elder - 0,38 g/kg.

a B yepHus 6b3 e 0,38 g/kg. )

KonndyecTBoTo Ha Kanuii octasa ~The amount of  potassium
MOYTM HEMPOMEHEHO B CHMH6MOTMuHaTa | 'emained almost unchanged in the
xpaHa (4,28 g/kg), cnpsiMo koHTposHaTta | Synbiotic food (4,28 g/kg) compared to
|'|p06a (4,29 g/kg) ToBa nokassa, u4e the control Sample (4,29 g/kg) This is to
BHEcCeHuTe CbCTaBKU He oKa3BaT indicate that the ingredients introduced
B/IMSIHWE BbPXY HETOBOTO CbAbpXaHue B have no influence on K amount in the
NONYYEHNA CUHBUNOTHK. obtained synbiotic.

C‘b,q‘bp)KaHl/leTO Ha MarHesum " The amount of magnesium and
HaTpWii HapacTBa, CnpsiMo ToBa B mM3xogHa- | Sodium increased by 0,12 g/kg and 1,33
Ta CypoBMHa, CbOTBETHO ¢ 0,12 g/kg n 1,33 | 9/kg (P<0,01) respectively, when compared
g/kg (P<0,01), koeTo e cBbp3aHo c | tO that in the output feedstock, which is due

BHeCeHWTe  pacTuTenHn  komroHenTn | 0 the  vegetative components added

(Tarantino, 2004; Kolata, 2009). (Tarantino, 2004; Kolata, 2009).

B Tabnmuya 2 e NpejcTaBeHo Table 2 shows the content of Cu,
CbAbPXaHNeTo Ha MukpoenemeHtute Cu, | Fe, Mn and Zn microelements in the
Fe, Mn n Zn B n3cneggsaHute obpasuy. samples analysed.

Tabnuua 2. CbhabpxaHue Ha MukpoesnemeHTute Cu, Fe, Mn n Zn B oBYe M/ISAKO
OT nopogarta Pogoncku uuran n anodunusmpaHa cuHbmoTuyHa xpaHa, mg/kg
(n=6)

Table 2. Ingredients of Cu, Fe, Mn and Zn trace elements in breed’s sheep’s milk
Rhodopean Tsigay and lyophilized synbiotic food, mg/kg (n=6)

NnodmnnsnpaHo NInodmnunanpaHa cMHGMOTNYUHA
MuKpoeneMeHTM O0BYE M/ISKO (KOHTPOA) XpaHa OT oBYe MJ/IAKO
Microelements Lyophilized sheep’s Lyophilized synbiotic food of
milk (control) sheep’s milk
Cu 0,30+0,001 a*** 1,79+0,001
Fe 4,33+0,002 a*** 15,50+0,002
Mn 0,65+0,002 a*** 6,03+0,005
Zn 19,1040,001 a*** 19,70+0,004

P<0,05*%; P<0,01**; P<0,001***
a — IMonIM3npaHo oBYe MASIKO/ModmnmarpaHa CMHOMOTNYHa XpaHa OT OBYe M/ISKO
a — lyophilized sheep’s milk/lyophilized sybiotic food of sheep’s milk
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KonmuecTBoTO Ha MUKpoesnieMeH-
TUTE B CUHOWOTUYHWA MPOAYKT Ce MOBU-
lwasa, CNpsAMO u3XogHata CypOBUHA.
ToBa ce Ab/KM HA BHECEHUTE KOMMOHEH-
TV KbM CUHOMOTMYHATA XpaHa, NpeayMHO
OpPexoBM AOKN U KMHOA, KOUTO ca 6oraTu
Ha Te3n enemeHTU. CbAbpXaHMETO Ha
Me/Z, HapactBa wecTt nbTn (P<0,001) c
1,49 mg/kg, a Ha Xena30 — Tpu MbTU C
11,79 mg/kg (P<0,001). Hait-cunHo e
M3paseHo HapacTBaHETO Ha HMBOTO Ha
MaHraHa — pgeseT nbTuM C¢ 5,38 mg/kg
(P<0,001), cnpsAmo nsxogHata CypoBMHa.
CbAbpXaHMETO Ha UMHK Ce yBesvyasa
cbBceM cnabo ¢ 0,6 mg/kg (P<0,001). Mo
nutepaTypHu gaHHn Ha National Nutrient
Database for Standard Reference
Release cbabpXaHMETO B OpexoBuTe
a0kn Ha Cu, Fe, Mn n Zn e cbOTBETHO
15,86 mg/kg, 29,8 mg/kg, 34,14 mg/kg u
30,9 mg/kg, a KoHueHTauuuTe Ha Fe, Mn
n Zn B KnHoaTa ca 46 mg/kg, 20 mg/kg u
31 mg/kg. KonnuectBoTo Ha Xensa30To B
yepHusa 6B3 e 16 mg/kg, a Ha UuHKa — 1,1
mg/kg. BMCOKOTO CbAbpXaHWe Ha MaH-
raH B opexute CbOTBETCTBA M Ha 3Hauu-
TE/IHO MNOBWLIEHOTO My KO/INYECTBO B
CMHBMOTMYHaTa XpaHa.

N3BOAN

B cnHbuoTnuHata nuodmnunsmpaHa
XpaHa, OCHOBHO HapacTBa KO/IMYECTBOTO
Ha  MakpoesleMeHTUTe  MarHesuin u
HaTpuil, B pe3ynTar Ha BHeECEeHUTe
KOMMOHEHTU — OPExX0BM SAOKM U KMHOA.
KoHueHTpauunTe Ha dhocchop 1 kanuuin B
CMHOMOTMYHMS NPOAYKT cnabo ce pepy-
umupart, BEPOSATHO nopaau Mno-HUCKOTO UM
CbAbpXaHWe B pacTuTenHute p[obasku
(kmHOa, opexoBu A4KW, YepeH 6b3). He e
yCTaHOBEHA NPOMSHA B CbAbPXaHNETO
Ha MakpoesieMeHTa Kasnid.

3a pasnuMka OT MakpoesieMeHTUTe,
B CMHOMOTMYHMSA NPOAYKT ce Habnogasa
MHOFOKpaTHO MOBMLWIABaHe HMBaTa Ha
MUKPOENEMEHTUTE MaHraH, Mej U Xens-
30. OCO6€EeHO 3HAYMMO e HapacTBaHeTo Ha
KO/IMYEeCTBOTO Ha efleMeHTa MaHraH,
KOWTO B CMHOMOTUYHATA XpaHa ce yBenu-
yaBa geseT nbTn (P<0,001). ToBa MOXe

The amount of microelements in
the  synbiotic  product increases,
compared to the starting material. This is
due to the components added to the
synbiotic food, mostly walnut kernels and
kinoa, which are rich in these elements.
The copper amount increased six times
(P<0,001) by 1,49 mg/kg, and iron content —
three times by 11,79 mg/kg (P<0,001).
The increased manganese level is the
most pronounced — nine times by 5,38
mg/kg (P<0,001), compared to the
starting material. The zinc content
increased quite slightly by 0,6mg/kg
(P<0,001). According to the National
Nutrient Database for Standard
Reference Release the content of Cu, Fe,
Mn and Zn in the walnut kernels is 15,86
mg/kg, 29,8mg/kg, 34,14 mg/kg and 30,9
mg/kg respectively, and the
concentrations of Fe, Mn and Zn in the
kinoa are 46 mg/kg, 20 mg/kg and 31
mg/kg. The amount of iron in the black
elder is 16 mg/kg, and that of zinc — 1,1
mg/kg. The high content of manganese in
walnuts also corresponds to its
significantly increased amount in the
synbiotic food.

CONCLUSIONS

The amount of macroelements —
magnesium and sodium, increases mainly
in the synbiotic lyophilized food, as a
result of the imported components —
walnut kernels and kinoa. Concentrations
of phosphorus and calcium in the
synbiotic product slightly reduce, probably
due to their lower amount in the
vegetative supplements (walnut kernels,

kinoa, black elder). A change in the K
macro-element amount was not
established.

Unlike macro-elements, the

synbiotic product manifests a multiple
increase of the levels of manganese,
copper and iron microelements. A
special interest should be roused for the
increase of manganese amount, which in
the synbiotic food increases nine times
(P<0,001). This might be due to its high
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Ja ce CBbpXe C BMCOKOTO My CbAbp- | content in walnut kernels (34,14mg/kg).
XaHve B opexosute saku (34,14 mg/kg). | The zinc content in the synbiotic food
B cpaBHeHue c Te3n Tpu MUKpoenemeHTta | grows quite slightly, compared to the
CbAbPXaHNETO Ha UUHK B CMHBMOTUYHaTa | three microelements.

XpaHa HapacTBa cbBceM cnabo.
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PE3OME

3BbplueH e aHa/n3 Ha MacTHOKM-
CeNMHHUA cbCTaB Ha 2%-TeH Kecpup, no-
NlyyeH OT Ko3e mnsko (nopoga bbvnrapcka
Bsna MneuyHa). [aHHWTe noka3ear, 4e
HMBOTO Ha HacuUTeHUTe U MOHOHeHacuTe-
HWTE MacTHW KUCeNuHM B Kedmpa He ce
pasfnyasa CbLLECTBEHO OT TOBa B U3X04-
HOTO MJISAKO. B nonyuyexus cepmeHTupan
NPOAYKT € yCTaHOBEHO cnabo HapacTBaHe
Ha KO/IMYECTBOTO WM, CBOTBETHO C
0,719/100g mMa3HWHa 3a HacuTeHuTe U C
0,879/100g Ma3HUHa 3a MOHOHeHacuTe-
HUTe. HMBOTO Ha NOMIMHEHACUTEHUTE
MacTHW KucenvHu B Kedmpa e pegyumpa-
HO ¢ 1,159/100g Ma3HuHa, CnpsMO Cb-
ObpXaHueTo MM B M3xogHarta CypoBUHA.
CbabpxaHMeTo Ha w-3 U w-6 eceHunan-
HUTE MAacCTHW KUCE/IMHW € HUCKO KakTo B
N3XOAHOTO MJISAKO, Taka W B MNOSy4YeHWUs
NPoAYyKT. ATepOoreHHNs UHAeKC Ha kedhupa
€ C Mo-HucKa CToMHOCT (1,22) OoT Ta3n Ha
MHOEeKca Ha u3xogHaTa cyposuHa (1,34),
KoeTo onpegena epmeHTupanng npo-
OYKT Kato no-34paBOoC/iOBEH MO OTHOLUe-
HVe CbObPXKAHNETO Ha IMNUAN.
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SUMMARY

An analysis of the fatty acid
composition of 2% kefir obtained from
goat’s milk (Bulgarian White Dairy Breed)
has been carried out. The data shows,
that the level of saturated and
monounsaturated fatty acids in kefir does
not differ significantly from that in the
starting milk. A slight increase in their

quantity has been registered, by
0,719/100g fat for the saturated ones and
by 0,87g9/100g fat for the
monounsaturated ones, in the final

fermented product, respectively. The
polyunsaturated fatty acids level in kefir
reduces by 1,15g/100g fat, in terms of
their content in the raw material. The w-3
and w-6 essential fatty acids content is
low in both the starting milk and the
resulting product. The kefir atherogenic
index possesses a lower value (1,22),
than that of the raw material index (1,34),
which determines the fermented product
as healthier with respect to the lipid
content.



CTOMHOCTMTE Ha NMNUAHUSA MNpeBaH-
TMBEH CKOp Ha ONUTHUTE obpasuy ca noyTu
WOEHTUYHN, cboTBeTHO 93,169/100g npo-
AyKT 1 93,719/100g npoaykT. Ha 6a3arta Ha
noslydyeHnMTe f[aHHW 33 JIMNUOHUSA UM
CbCTaB, KO3eTO MASKO W MONYYEHUAT
hepmeHTMpaUT NPOAYKT — Kedhup, morat ga

6b4aT onpedeneHn kato nNpoayktn c
noAyepTaHun 34paBoC/IOBHN edheKTy.
KniouoBn pymn: Kedwmp, kose

MJ1AKO, eCeHUnaiHN MaCTHN KUCEJTUHN

YBO/,

MAsKoTO U MAEeYHUTE NPOAYKTM ca
e/[lH1 OT Hai-gobpe BbL3NPUETUTE N Maco-
BO KOHCYMUpaHu XpaHu. 3a nosyvyaBaHe-
TO UM ce wu3nonssar (pepmMeHTaunoHHK
TEXHOMOMMM C Y4acTMEeTO Ha pas/inyHu
M/IEYHOKMCEIN BakTepumn, Kato Taka ce
noctura yBesiMyaBaHe Ha AVETUYHUS UM
noTeHuyman.

EovH OT Hail-nonesHuTe NpoOAyKTU
3a YOBELWKOTO 34paBe OT rpynara Ha
pepPMEHTUPa/INTE MJIEYHOKMCEIN NPOAYK-
™M e kedupbT. Toli obe3neyaBa NoTpeo-
HOCTWUTE Ha opraHv3amMa OT MbJIHOLEHEH
Kaulumil, NoaxoAslly € 3a BCUYKWM Bb3pac-
TOBW TpynNn U € C BUCOKA YCBOSEMOCT
(Dobrev et al., 2010). CtapTepHaTta KynTy-
pa Ha kedhmpa — KedpupHUTE 3bpHa, Npes-
cTaBnsBart dopMaums, cbabpxala mart-
pyla OT NPOTEUHW, Mas3HWHW, 3axapu W
CMMOMOTUYHA acoumauus OT MIEYHOKKCE-
- Gaktepun Lactobacillus  kefiri,
Leuconostoc, Lactococcus n Acetobacter
n dpepmeHTUpawm 1 HedepMeHTmpalm
naktosarta 4poxan (Kluyveromyces
marxianus, Saccharomyces unisporus,
Saccharomyces cerevisiae n Saccharomyces
exiguus) (Oliveira et al., 2013).

Mo ctaHgapT 6poOAT HA MJIEYHOKM-
cemMTe MUKPOOPraHusMu, onpegenswm
cTapTepHata KynTtypa, TpsibBa ga 6bae
He no-manko oT 10° CFU/g u apoxau
noHe 10° CFU/g (Codex Standard for
Fermented Milks).

Aneprusita KbM KpaBe MASAKO W
MJ/IEYHN MPOAYKTU € efHa OT Hal-LuMpoKo
pPasnpoCTpaHEHUTE XPaHUTESTHW aneprum
Harnocnegbk u cbectaBnasa 10-40% ot
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The lipid preventative score values
of the test samples are almost identical,
93,169/100g product and 93,71g/100g
product, respectively. Goat's milk and
fermented kefir product can be identified
as products of distinct health effects,
based on their lipid composition data.

Key words: Kefir,

essential fatty acids

goat's milk,

INTRODUCTION

Milk and dairy products are some of
the best digested and widely consumed
foods. To achieve a dietary potential
increase of the products, fermentation
technologies are applied after
supplementing with diverse lactic acid
bacteria.

Kefir is one of the most beneficial
products for human health in the group of
fermented lactic acid products. For the
needs of the body it provides adequate
calcium for all age groups of people and it
is of high assimilation ability (Dobrev et
al., 2010). The starter culture of kefir -
kefir beans, are in fact a formation
containing a matrix of proteins, fats,
sugars and a symbiotic association of
lactic acid bacteria Lactobacillus kefiri,
Leuconostoc, Lactococcus and
Acetobacter, as well as lactose fermenting
and non-fermenting yeasts (Kluyveromyces
marxianus,  Saccharomyces  unisporus,
Saccharomyces cerevisiae and
Saccharomyces exiguus) (Oliveira et al.,
2013).

The standard number of lactic acid
microorganisms determining the starter
culture, should be no less than 10’ CFU/g
and yeast should be at least 10* CFU/g
(Codex Standard for Fermented Milks).

Intolerance to cow's milk and dairy
products has been one of the most
widespread food allergies lately and it
accounts for 10-40% of all known food



BCUYKN MO3HATM XPaHUTENHU anepruu.
EfoHa OT BB3MOXHWUTE anTepHaTvBu 3a
ns3bsareaHe M HamasisiBaHe Ha HeraTtuBHO-
TO Bb3LENCTBUE HA MIEYHUTE MPOTENHU
OT nauveHTW, asiepruyHn KbM Kpase
M/ISIKO, € BK/YBaHe B AMetara MM Ha
Ko3e MASKO U (hepMeHTupasiu nNpoayKTu
OT Hero. Ko3eTo MNSAKO e XpaHuTeneH
NpoAaykT € AokasaHu nevyebHU KayecTsa.
To cbabpXa BCUYKM NOME3HU UHTPaaNEH-
TW, HJTMYHN B KPABETO MJ/ISIKO, KaTo MMa B
no-ronAmo kosnyectso Ca, Mg n P 1 no-
Masiko BUTamMuH D, ButTamuH Bi,, dponue-
Ba KMCENWHA W N1aKTo3a, B CPaBHEHWe C
KpaseTo. 3aroBa e noAxoAsLlo 3a xopa ¢
HEeMNOHOCKMMOCT KbM Nakto3laTa (Metodieva
and Doneva, 2010; Yadav et al., 2016).

Bb3moXHOCTUTE 3a BK/IHOYBAHETO
Ha KO3eTO MJIAKO KaTo KOMMOHEHT B
NpoAYyKTU ¢ (PYHKLMOHANHO npefHa3Have-
HMe MMaT orpaHuyeH xapakTep U He ca
[OCTaTbyHO U3CNeaBaHu.

3a onpegensHeTo 34paBOCNOBHUSA
eheKT Ha XpaHUTEe/THUTE NPOAYKTM NO OTHO-
LWeHne Ha NUNUAHOTO UM CbAbpXaHue ca
BbBEJEHN MOKasaTe/mMTe — AMNUAEH npe-
BaHTMBEH cKkop (JITNC) n ateporeHeH NHAeKC
(AW). unngHUAT npeBaHTUMBEH CKOP 3a
nbpBv NbT € npeanoxeH or Richard wn
Charbonnier (1994) kato nokasaten 3a
6a1aHCMPaHOCT Ha MacTHOKMCENMHHMSA CbC-
TaB Ha MSKOTO. TepMUHBT ,ATEporeHeH
nHgekc" e npegnoxeH ot Ulbricht n
Charbonnier (1991) kaTo XpaHUTE/IEH NOKa-
3aTen BbB Bpb3ka C pucka OT CbpAeyHo-
Cb0BM 3a60n5BaHUs, AucAnunuaemMusi, ama-
6eT TMn 2, HapyleH T[/1l0Ko3eH MeTabo-
NM3bM 1 Ap.

Llenta Ha HacToALLOTO M3cneaBaHe
€ [Ja ce HanpaBu OUEHKa Ha MacTHO-
KNCenuHHMS npodous Ha kedup, nonyyeH
Ha OcHoBaTa Ha K03e MJISIKO.

MATEPVAT N METOON

BruoTexHonornyeH noaxoga;
W3nonssaH e meTon 3a nosydaBaHe Ha
KedpmpHa HanuTKa, BKIOYBALL, AUPEKTHO
BnaraHe Ha kedupHuM 3bpHa (2%) B
nactoopusmpaHo npu 85°C 3a 15 MuHyTH
n oxnageHo po 20-25°C ko3ze MJIAKO.
MpoBefeHNTEe npeaBapuTesIHN eKcrnepu-
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allergies. One of the available alternatives
for avoiding and reducing the negative
effect of milk proteins with patients who
are allergic to cow's milk is to include
goat's milk and fermented products in
their diet.

Goat milk is a food product of proven
healing qualities. It contains all the useful
ingredients which are also present in
cow's milk, however it has a higher
amount of Ca, Mg and P and less vitamin
D, vitamin Bi,, folic acid and lactose,
compared to cow's milk. Therefore, it is
proper for people intolerant to lactose
(Metodieva and Doneva, 2010; Yadav et
al., 2016).

Considerations for goat milk to be
implemented as a component into
functional products are of a limited nature
and have not been sufficiently studied.

The indicators — Lipid Preventive
Score (LPS) and Atherogenic Index (Al)
have been introduced to determine the
health effects of food products regarding
to their lipid content. The lipid preventive
score was first proposed by Richard and
Charbonnier (1994) as an balance
indicator for the fatty acid content of milk.
The term “atherogenic index" was
proposed by Ulbricht and Charbonnier
(1991) as a nutritional indicator
concerning the risk of cardiovascular
disease, dyslipidemia, type 2 diabetes,
impaired glucose metabolism, etc.

The current study aims at
evaluation of the fatty acid profile of kefir
obtained from goat's milk.

MATERIAL AND METHODS

Biotechnological ~ Approach: A
method of producing a kefir beverage has
been applied, directly including kefir
beans (2%) in goat's milk, which has been
pasteurized at 85°C for 15 minutes and
cooled to 20-25°C. The preliminary
experiments for kefir production of



MEHTM 3a nonyyaBaHe Ha ketup ¢
pasNMyHN  KOHUEHTpauum Ha KedpHuTe
3bpHa (1%, 2% n 5%) pokassaTt, ye 2%-
THaTa KOHLUEHTpauus Ha cTapTepHaTa Kys-
Typa € onTMmMasiHa 3a OT4yeTeHWTe CTOWA-
HOCTU Ha TEXHO/IOTUYHWTE MoKasaTenm —
aKTMBHa ¥ TUTpyeMa KUCeNIMHHOCT, Bpeme
Ha depmeHTauus, NIbTHOCT U KOHCUCTEH-
UMa Ha Koarynata U e C Hail-gobpo cboT-
HOLLIEeHMEe MeXAy KOMMYeCTBO W3MOoS13BaHu
KedoMpHM 3bpHa 3a epmeHTaums K
napaMeTpu Ha MukKpodpriopaTa B npoueca
Ha CbXpaHeHue.

depmeHTauua: HartypanHata crtap-
TepHa Ky/nTypa ce akTUBMpa HEKOIKOKPaTHO
B CTEpUSIHO obe3macneHo masko npu 25°C
B MpoAb/iXeHne Ha 24 yaca. Taka akTuBU-
paHuTe KedpHM 3bpHa Ce WHOKynupart B
NacTbOpPU3MPaHO KO3e MJISKKO U Ce WHKYOu-
pat ctatuyHo npu 25°C B npogb/rkeHne Ha
24 yaca o pocturaHe Ha pH 4,6-4,8 n TnT-
pyema kucenuHHoct 90-100°T. Cnepn npu-
KnouBaHe Ha hepMeHTauMOoHHUA npoLec,
3bpHaTa ce OTCTpaHsBaT upes punTprupaHe.

BroxmmnyeH nogxon: AHanusunpaH e
MaCTHOKMCE/IMHHUSI CbCTaB Ha W3XOAHOTO
Ko3e MSKO U nonyveHusa 2%-1eH kedoup.
EkcTpakuusita Ha M/ieyHata MasHMHa B
KOHTpO/iHaTa npoba u kedmpa e nposegeHa
no metoga Ha Roese-Gottlieb, a metunu-
paHeTo e M3BBLPLUEHO C HaTpueB MeTwnar.
MeTunoBnTe ecTepn Ha MacCTHUTE KUCE/TMHN
ca aHanuM3upaHu C NOMoLLTa Ha rasoB Xpo-
maTtorpad Shimadzu-2010 (Kyoto, Japan),
CHabfeH ¢ nnaMbyHO-OHWN3aLOHEH AeTek-
TOp 1 aBTOMaTM4YHA MHXEKLUOHHA cucTeMa
(AOAC-2010).

M3uncneHun ca ateporeHHUs MHAEKC
(A) »n AunuagHWMa npeBaHTMBEH CKOp
(NC) Ha wuscnepsaHuTe o06pasuM no
CbAbpPXaHNETO UM Ha MaCTHWU KMCENUHW.
A e wn3uucneH no dopmynara Ha
Ulbricht n Charbonnier (1991):

different concentrations of kefir beans
(1%, 2% and 5%), prove that the 2%
concentration of the starter culture is
optimal for the reported values of the
technological indicators — active and
titratable acidity, fermentation duration,
density and consistency of the coagulum

and it has the best ratio between the
amount of kefir grains used for
fermentation and the microflora

parameters in the storage process.

Fermentation: The natural starter
culture is activated several times in sterile
skim-milk at 25°C for 24 hours. The
activated kefir beans are then inoculated
into pasteurized goat’s milk and statically
incubated at 25°C for 24 hours until
values of pH of 4,6-4,8 and a titratable
acidity of 90-100°T are reached. After
completion of the fermentation process,
the beads are removed by filtration.

Biochemical approach: The fatty
acid composition of the starting goat’s milk
and the obtained 2% kefir are analysed.
The extraction of milk fat both in the
control sample and the kefir has been
carried out after the Roese-Gottlieb
method while the methylation has been
performed by means of sodium methylate.
Fatty acid methyl esters have been
analyzed using a Shimadzu-2010 gas
chromatograph (Kyoto, Japan) equipped
with a flame-ionization detector and an
automated injection system (AOAC-2010).

The Atherogenic Index (Al) and
Lipid Preventive Score (LPS) of the
samples tested in accordance with their
fatty acid content have been calculated.
The Al has been calculated using the
formula of Ulbricht and Charbonnier (1991):

_C120+4xC140 + C16:0

MHMEK+ITHMK

Al = C12:0 + 4xC14:0 + C16:0 / MUFA + PUFA

kbgeto C12:0 e naypuHOBa KucennHa

where C12:0 is lauric acid (g/100g fat);

(g9/100g ma3HuHa); C14:0 — mupucTuHoBa | C14:0 — myristic acid (9/100g fat); C16:0 —

kncenuHa (g/100g masHuHa); C16:0 —

palmitic acid (g/100g fat);

MUFA -



naMmMTuUHOBa kucenuHa (g/100g masHu-
Ha); MHMK — MOHOHeHacuTeHu MacTHU
kncenuHn (g/100g masHuHa); NMHMK —
NOSIHEHACUTEHN  MaCTHW  KUCENIVHU
(9/100g Ma3HUHa) B ONUTHUTE 0bpasuun.

JMC e mn3uncneH no ypaBHEHMETO
Ha Richard n Charbonnier (1994):

monounsaturated fatty acids (g/100g fat);
PUFA - polyunsaturated fatty acids
(g/100g fat) in the test samples.

The LPS has been calculated
following Richard and Charbonnier
equation (1994):

NNC=0J1+2xHMK-MHMK-0,5xMHMK

LPS = TL + 2xSFA - MUFA - 0,5xPUFA

kbaeTto OJ1 (06w, nMnua) e o6LoTo CbAbP-
XaHve Ha nvnugy (g/100g npoaykT); HMK —
HacuTeHn MacTHW kucenuHu (g/100g mas-
HuHa); MHMK — MOHOHEeHacuUTeHW MacTHU
kncenuHn (g/100g wmasHuHa); MHMK —
noJsIMHeHacuTeHN MacTHU kucenmHm (g/100g
MasHMHa) B U3XOOHOTO KO3€ MISIKO W
nosly4eHunAT kedump.

CTaTucTunyecka obpaboTkKa:
Pesyntatute ca o6paboTteHn ¢ nomouta
Ha nporpameH npoaykt MS Office Excel.

PE3YJITATN N OBCBXAAHE

HanpaBeHa e cpaBHUTENHA OUEeHKa
MexXxay nosydyeHuTe eKcnepumMeHTas HU
[aHHN 33 MacCTHOKUCE/IMHHMA CbCTaB Ha
Kedmpa M u3xogHaTa CypoBMHa 3a
NPOn3BOACTBOTO MY — MPSACHO KO3€ MAKO
oT nopoga bwarapcka bana MneuHa.

Pesyntatute OT CbAbpXaHWETO Ha
MaCTHU KUCENWHW Ha u3cnefsaHuTe npoobwu
ca npeactaBeHu no rpynu B Tabnvum 1-4.
MonyyeHnte JaHHW Npu Kedpmpa nokassar
Ha/IMYMETO Ha CblUWUTEe OCHOBHU HacuUTEHM,
MOHOHEHaCUTEHN 1 NOJIMHEHACUTEHU MacT-
HW KUCESIHU, KaTO B U3XOAHOTO KO3€e M/ISIKO.

CbAbpXaHVNETO  Ha  HacuTeHute
MacTHu kucenuHn (HMK) 6e3 pasknoHeHu
Bepurn (Tabnuual) — mupuctmHosa (C14:0)
n nanvmitnHoBa (C16:0) B kedmpa ce
pegyuupa, cbotBeTHo ¢ 0,73g/100g mas-
HuHa (P<0,001) n 2,39¢9/100g Ma3HuHa
(P<0,001), koeTo e npepgnocraeka, 3a no-
[06BbP 34paBOC/IOBEH eekT Ha roToBus
NnpoaykT. HWBOTO Ha cTeapvHoBaTa Kuce-
nnHa (C18:0) B Kechmpa HapacTBa C
0,659/100g mas3HuMHa (P<0,001), cnpsamo
TOBa B KO3E€TO M/ISKO.

where TL (total lipid) is the total lipid
content (g/100g product); SFA -
saturated fatty acids (g/100g fat); MUFA —
monounsaturated fatty acids (g/100g fat);
PUFA - polyunsaturated fatty acids
(g/100g of fat) in the starting goat's milk
as well as in the kefir obtained.

Statistical processing: The results
have been processed using a software
product MS Office Excel.

RESULTS AND DISCUSSION

A comparative assessment was
made between the received experimental
data on the fatty acid composition of kefir
and raw material for its production — fresh
goat’s milk from the Bulgarian White Dairy
Breed.

Tables 1-4 show the results of fatty
acid content of the test samples in each
group. Kefir data show the presence of
the same basic saturated,
monounsaturated and polyunsaturated
fatty acids as in the starting goat's milk.

Saturated fatty acids (SFA) without
branched chains content (Table 1) —
myristic (C14:0) and palmitic (C16:0) in
kefir is reduced by 0,73g/100g of fat
(P<0,001), 2,39g /100g fat (P<0,001),
respectively, which is a prerequisite for a
better health effect of the final product.
Stearic acid (C18:0) level in kefir
increases by 0,659/100g fat (P<0,001)
compared to goat’s milk.
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Ta6r||/|u,a 1. C'b,ﬂ,'bp)KaHl/Ie Ha HaACUTEHN MaCTHU KNCEJTIMHN B KO3€ MJIAKO U Kedpmp

OT KO3e MJiKO (g/100g Ma3HuHa) (n=4)

Table 1. Content of saturated fatty acids in goat’s milk and kefir from goat’s milk

(9/100g of fat) (n=4)

MacTHU KucennHu Kose mngako Kedhnp
Fatty acids Goat milk Kefir

C-4.0 1,98+0,007 a*** 2,69+0,003

C-6:0 1,88+0,008 a*** 2,45+0,009

C-7.0 0,030,006 a*** 0,04+0,008

C-8:0 2,04+0,007 a*** 2,730,004

C-9:0 0,06+0,006 a*** 0,09+0,049
C-10:0 6,13+0,008 a*** 6,85+0,009
C-11:0 0,16+0,071 a*** 0,08+0,034
C-12:0 2,45+0,009 a*** 2,48+0,004
C-13:0 0,07+0,009 a*** 0,10+0,003
C-14:0 6,57+0,001 a*** 5,84+0,002
C-15:0 0,69+0,007 a*** 0,72+0,004
C-16:0 21,55+0,097 a*** 19,70+0,004
C-17:0 0,88+0,075 a*** 0,89+0,005
C-18:0 14,76+0,007 a*** 15,41+0,005
C-20:0 0,26+0,004 a*** 0,20+0,005
C-21:0 0,02+0,008 a* 0,02+0,004
C-22:0 0,05+£0,007 a*** 0,04+0,002
C-26:0 0,01+0,008 0,01+0,003

P<0,05%; P<0,01**; P<0,001***

a - Ko3e Mnsko/kedpup
a - goat milk/kefir

OT rpynara Ha MOHOHeHacuTeHuTe
MacTHu kucenumun (MHMK) (Tabnvua 2) B
usxogHaTa CypoBMHa W kKedpupa c Haii-
BMCOKO KOMIMYECTBO € O/ieMHoBaTa Kucenu-
Ha (C-18:1c9). B k03eTO MASAKO HEWHOTO
cbAbpxaHune e 27,11g/100g ma3HvHa, a B
Kecbupa ce nosuwasa Ao 28,63g/100g
MasHunHa (P<0,001). BakceHoBaTa Kucenu-
Ha (C-18:1t11) e C W3KNOUUTESTHO HUCKO
CbAbpXaHue, KakTO B KO3E€TO MJISKO
(0,750/100g ma3HMHa), Taka 1 B NOJy4YeHus
kechmp (0,799/100g masHuHa) (P<0,001).

The oleic acid (C-18:1c9) is of the
highest amount both in the
monounsaturated fatty acid (MUFA)
group (Table 2), in the raw material, and
kefir. Its content in goat's mik is
27,119/100g fat, and it increases in kefir
to 28,63g/100g fat (P<0,001). Vaccenic
acid (C-18:1t11) is of exclusively low
amount, both in goat milk (0,75g/100g fat)
and in the obtained kefir (0,79g/100g fat)
(P<0,001).
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Tabnuua 2. CbaobpXaHne Ha MOHOHEHACUTEHN MACTHU KNCE/TIMHU B KO3e MJISIKO U
kedomp OT KO3e MJiAKO (g/100g Ma3HuHa) (n=4)

Table 2. Content of monounsaturated fatty acids in goat’s milk and kefir from
goat’s milk (g/100g fat) (n=4)

MacTHU KucennHu Ko3se mnisko Kechmp
Fatty acids Goat milk Kefir

C-10:1 0,77£0,034 a*** 0,11+0,004
C-12:1n1 0,02+0,003 a*** 0,01+0,008
C-14:1n5 0,03+£0,009 a*** 0,05+0,004
C-16:1n7 0,66+£0,004 a*** 0,39+0,007
C-17:1n7 0,14+0,002 a*** 0,15+0,007
C-18:1t4 0,02+£0,003 a*** 0,01+0,007
C-18:1t5/6/7 0,17£0,004 a*** 0,18+0,007
C-18:1t9 0,21+0,005 a*** 0,24+0,005
C-18:1t10 0,23+£0,098 a*** 0,25+0,007
C-18:1t11 0,75£0,085 a*** 0,79+0,007
C-18:1c9 27,11+0,057 a*** 28,63+0,009
C-18:1t15 0,80+£0,087 a*** 0,86+0,007
C-18:1c12 0,20+£0,085 a*** 0,22+0,009
C-18:1c13 0,02+0,086 0,02+0,008
C-18:1t16 0,02+0,008 a** 0,02+0,009
C-18:1c14 0,24+0,007 0,24+0,006
C-18:1c15 0,06+£0,007 a*** 0,12+0,008
C-22:1n11 0,01+0,007 a** 0,01+0,008
C-22:1n9 0,01+0,007 a*** 0,04+0,008

P<0,05*; P<0,01**; P<0,001***
a - Ko3e Mnsiko/kedpup
a - goat milk/kefir

B onuTHUTE 06pasun ce Habnwgasa
HUCKO CbAbpXaHue Ha MOoNIMHEHACUTEHN
MacTHu kucenmHun (MHMK) (Ta6nvua 3) ¢
U3K/IIOYEHME Ha NnHoMoBaTa M O-/IMHONMe-
HoBarta kucenunHu. CbAbpXaHWEeTo Ha un-
Ho/oBaTa kKucenvHa B kedmpa ce peayuu-
pa c 0,39 g/100g ma3HuHa o 2,909/100g
MasHunHa (P<0,001), a Ha a-MHOMEeHoBaTa
HapacTBa He3HauuTenHo ¢ 0,049/100g mas-
HuHa po 0,38g/100g masHuHa (P<0,001). B
Kedmpa e ycTaHOBEHO M cnabo ysenuua-
BaHe Ha KonmMyecTBaTa Ha rama JIMHOJIEHO-
BaTta kucesnmHa (gC-18:3n6), n apaxngoHo-
Bata kucesvHa (C-20:4n6), CbOTBETHO C
0,06g/100g masHumHa (P<0,001) 1 0,13g/100g
MasHuHa (P<0,001). KoHiornpaHute JSMHO-
nosn kmcenuHn (CLA) ca npeacTtaBeHu
camo oT u3omepa CLA-c9,t11, koiTo B
u3xogHata CypoBMHa WMMa CTOWHOCT OT
0,39g/ 100g MasHuHa, a B MNoJyYeHus
npoaykt cnabo HapactBa go 0,45g9/100g
mMasHuHa (P<0,001).

Polyunsaturated fatty acids (PUFA)
in the test samples (Table 3) manifest low
content, with the exception of linoleic and
a-linolenic acids. The content of linoleic
acid in kefir is reduced by 0,39g/100g fat
to 2,90¢/100g fat (P<0,001), and of a-
linolenic acid slightly increases by
0,04g/100g fat to 0,38g/100g fat
(P<0,001). Kefir also shows a slight
increase in the amounts of gamma
linolenic acid (gC-18:3n6) and
arachidonic acid (C-20:4n6), by
0,069/100g fat (P<0,001) and 0,13g/100g
fat (P<0,001), respectively. Conjugated
linoleic acids (CLAs) have been
represented by the CLA-c9,t11 isomer
only, which has a value of 0,39g/100g fat
in the starting feedstock and it slightly
increases to 0,45g/100g fat (P<0,001) in
the resulting product.
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Ta6r||/|u,a 3. C'b,ﬂ,'bp)KaHVle Ha NMNoJINHEHAaCNTEHN MaCTHU KNCEJTMHN B KO3€ MJIAKO U

Kedomp OT KO3e MsiaKo (g/ 100g ma3HuHa) (n=4)

Table 3. Content of polyunsaturated fatty acids in goat’s milk and kefir from

goat’s milk (g /1009 fat) (n=4)

MacTHU KucennHu Ko3se mnisko Kedmp
Fatty acids Goat milk Kefir
C-18:2t9,12 0,29+£0,002 a*** 0,31+0,004
C-18:2¢9,12 3,29+£0,003 a*** 2,90+£0,003

gC-18:3n6 0,06+£0,004 a*** 0,11+0,040
0aC-18:3n3 0,34£0,040 a*** 0,38+0,003
CLA-c9,t11 0,39£0,030 a*** 0,45+0,003
C-20:2n6 0,05+0,030 0,05+0,003
C-20:3n6 0,01+£0,003 a*** 0,02+0,003
C-20:4n6 0,39£0,003 a*** 0,52+0,004
C-22:5n3 0,10+0,003 0,10+0,003
C-22:6n3 1,11+0,004 a*** 0,04+0,006

P<0,05*; P<0,01**; P<0,001***

a - Ko3e Mnsko/kedpup
a - goat milk/kefir

CbAbpXaHMEeTO Ha  HacuUTeHu The content of saturated branched
MacCTHM KUCeNMHM C pask/oHeHa Bepura | chain fatty acids (Table 4) in both
(Tabnuua 4) B gBeTe npobu e Hucko m | samples is low and ranges from
Bapvpa oT 0,029/100g wmasHuMHa go | 0,02g/100g fat to 0,64g/100g fat.
0,649/100g masHuHa.

Tabnuua 4. CbabpXaHne Ha HACUTEHN MACTHW KUCENVHW C pa3k/IOHEHa Bepura
B KO3€e MJ/1SKO 1 Kedpup oT Ko3e M5AKo (g/100g masHuHa) (n=4)
Table 4. Saturated branched chain fatty acids content in goat’s milk and kefir

from goat’s milk (g/100g fat) (n=4)

MacTHW KucenmHu Kose mnsko Kedmp
Fatty acids Goat milk Kefir
C-13aiso 0,11+0,006 a*** 0,02+0,008
C-14iso 0,09+0,007 a*** 0,10+0,007
C-15iso 0,17+0,006 a*** 0,14+0,008
C-15aiso 0,22+0,007 a*** 0,24+0,008
C-16iso 0,24+0,007 a* 0,24+0,007
C-17iso 0,60+0,004 a*** 0,64+0,007
C-17aiso 0,38+0,006 a** 0,38+0,087
C-18iso 0,40+0,006 a*** 0,41+0,078

P<0,05*; P<0,01**; P<0,001***
a - Ko3e Mnsko/kedpup
a - goat milk/kefir

Pesyntatute 3a cbAbpxaHue Ha Table 5 shows the results for the
OCHOBHUTE Tpynu MacTHW kKucenuHm B | amount of the major fatty acid groups in
uscnefBaHnTe obpasum ca npefcrtaseHun | the test samples. According to the data
B Tabnuua 5. [OaHHuTe nokas3eaT, 4e | the level of SFA and MUFA in kefir does
HuBoTO Ha HMK n MHMK B kechmpa He ce | not differ significantly from that in the
pasnuuaBa CbLECTBEHO OT ToBa B | goat's milk. A slight increase in the
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M3XOAHOTO KO3e M/AKo. B nonyyeHus
NPOAYKT € ycTaHOBEeHO cnabo HapacTBaHe
Ha KO/IMYEeCTBOTO Ha Te3n KUCENUHMU,
cbotBeTHO c 0,71¢g/100g ma3HMHa 3a
HacuTteHute (P<0,001) u c¢ 0,87g9/100g
Ma3HMHa 3a MOHOHeHacuTeHute (P<0,001).
Hueoto Ha MHMK B kedmpa (4,88g/100g
Ma3HunHa) Hamasisiea ¢ 1,159/100g masHuHa
(P<0,001), cnpsmo CbAbpXaHWeTo VM B
n3xogHata cypoBuHa (6,039/100g Ma3Hu-
Ha). KonnyectBoTo Ha w-6 N w-3 MacTHUTE
KACE/IMHWN B KO3ETO MJISKO € CpaBHUTESTHO
HAUCKO M HamansiBa He3HauuTesHO B
nosyyeHus kedup.

amount of these acids in the resulting
product, by 0,71g/100g fat for saturated
(P<0,001) and 0,87g/100g fat for
monounsaturated (P<0,001) has been
registered.

The PUFA level (4,88g/100g fat) is
reduced by 1,15¢/100g fat (P<0,001) in
the kefir, against the feedstock content
(6,039/100g of fat). The amount of w-6
and w-3 fatty acids in goat's milk is
comparatively low and decreases slightly
in the obtained kefir.

Tabnmuya 5. MaCTHOKUCENIMHEH CbCTaB Ha OCHOBHW TPYnyM MacTHU KUCENVHU B
KOo3e Msiko 1 kedomp (g/100g masHuHa) (n=4)
Table 5. Fatty acid composition of major groups of fatty acids in goat’s milk and

kefir
(9/100g fat) (n=4)

pynu macTHU KUCennHu Ko3se mnisko Kedhmp

Groups of fatty acids Goat milk Kefir
HMK/SFA 61,80+0,390 a*** 62,51+0,360
MHMK/MUFA 31,47+£0,590 a*** 32,34+0,130
MHMK/PUFA 6,03£0,120 a*** 4,880,070
>C-18:1Trans-FA 2,2+0,290 a***  2,35+0,049
SKAK/SCLA 0,39+0,030 a***  0,45+0,003
w-3 1,55+0,047 a***  0,52+0,012
w-6 4,29+0,130 a*** 4,130,066
>MCT(C-10:0 - C-14:0) 15,38+0,098 a***  15,35+0,052
>SCT(C-4:0 - C-8:0) 5,93+0,028 a***  7,91+0,024
CLA-c9,t11 0,39+0,030 a***  0,45+0,003
w-6/w-3 2,76 7,94
>C-18:1cis-FA 27,63+0,242 a***  29,22+0,040
ATeporeHeH NHAeKc 1,34 1,22
Atherogenic index
lvnupgeH npeBaHTUBEH CKOP 93,16 93,71

(9/100g npoaykT)
Lipid Preventive Score
(9/100g product)

P<0,05*; P<0,01**; P<0,001***
a - Ko3e Mnsiko/kedpup
a - goat milk/kefir

H1BOTO Ha CpefHOBEpPUXHUTE Hacu-
TEHU MacTHM kucesmHu (C-10:0 — C-14:0),
BbB (hepmeHTUpasMsa NPoayKT U n3xogHara
CYypOBMHA MMaT MOYTW WAEHTUYHWU CTOM-
HOCTW, CbOTBETHO 15,389/100g Ma3HuWHa W
15,35¢9/100g masHMHa. CbabpxaHMeTo Ha

The level of mid-chain saturated
fatty acids (C-10:0 — C-14:0) in both the
fermented product and the raw material
has almost identical values 15,38g/100g
fat and 15,35¢g/100g fat, respectively. The
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CLA B 13cnefBaHOTO KO3 M/ISIKO € HUCKO,
KaTo B MOJly4yeHUs1 MpoAykT cnabo ce noBu-
waBa — ¢ 0,06g/100g ma3HuHa (P<0,001).
KonuuecTBOTO Ha  cis-usomepute Ha
onenHoBaTa kucesimHa (C-18:1cis-FA) B
Kedhmpa ce yBenuyasa ¢ 1,58g/100g ma3Hu-
Ha (P<0,001). YcTtaHOBEHO € HapacTBaHe
Ha CbOTHOLLEHMETO Ha w-6/w-3 B kechupa ¢
5,18 B cpaBHeHMe C U3XOAHOTO KO3e MSAKO,
KOeTo e pesynTaT OT MeTabo/IMTHU NpoMe-
HW, HACTBNWUAN NO BpeMe Ha dhepMeHTauus.
Mo-HUCKOTO CbAbPXaHNe Ha MUpKC-
TUHOBA W NaSIMUTVHOBA KUCEIMHW, KaKTo ©
NO-BNCOKOTO KOMMYECTBO HAa MOHOHEHacu-
TEHW MaCTHU KUCENWHW B nony4vexus dep-
MEHTMpa/s MNPOAYKT BOAM A0 MO-HUCKA
CTOMHOCT (1,22) Ha aTepPOreHHNst MHAEKC Ha
kedhmpa, cnpsimo AW Ha m3xogHaTa Cypo-
BuvHa (1,34). CtoitHocTMTe Ha JINC Ha u3-
XO[HaTa CypoBMHA W MOYYEHUSIT DEPMEH-
TUpan NPOAYKT ca NoYTU UAEHTUYHU, CbOT-
BeTHO 93,169/100g npoaykT n 93,71g/100g
NpoAayKT, KOeTO 03HauyaBa, Ye ca C [obpe
6asiaHc/paH MacTHOKNCEIMHEH CbCTaB.

N3BOAM

MonyyeHnTe ekcrnepMMeHTasIHn AaH-
HW 3a MacCTHOKUCENWHHUA NPodIna Ha W3-
cnefBaHuTe 06pasumn Ookassart, Ye B MNosy-
YyeHns Kkedup, CbAbpPXaHNETO Ha HaCUTEHW-
T€ W MOHOHEHACWUTEeHW MACTHU KUCESIMHU
He3HauuTesIHO HapacTBa, a ToBa Ha Mosu-
HeHacUTeHUTe MacTHU KUcesmHW cnabo ce
pefyuvpa, B CpaBHeHuWe C pesynrartuTe,
OTYeTEeHU NpW U3xofHaTa CypoBuHa. HMBOTO
Ha ecCeHuMa/iHuTe -3 MacCTHU KUCENNHU
BbB (pepMeHTUpanMa nNpoAaykT Cblio ce
pefyuvpa, BbNpekn nosuLIaBaHe Ha Konu-
4YeCcTBOTO Ha O-/IMHOMIEHOBATa KucenunHa.
EceHunanHuTe w-6 MaCTHU KUCENIUHW umart
NnoyTM WAEHTUYHO CbAbpXaHWe B U3CNef-
BaHWTE Npoom.

YcTaHOBEH ca Mo-HUCKU Ko/myecTsa
Ha MMpPUCTUHOBATA M NaJIMMTMHOBAaTa MacT-
HW KWUCE/IMHU U MaJsIKO MO-BMCOKO HMBO Ha
CLA B ketpupa, cnpsiMo faHHUTe OT KO3eTO
mnsiko. CToiHocTTa Ha AW 3a kedmpa e no-
HUCKa OT Tasn Ha AW Ha KO3eTo MJISIKO,
KOeTo nokassa, 4Ye dhepMeHTVpannsa npo-
OYKT € Mo-34paBOC/I0OBEH, MO OTHOLUEHWe
CbAbpXaHneTo Ha nunuaun. CTolHOCTUTE Ha
JINC nokassat pob6pe 6anaHcupaH MacTHO-

CLA content of the tested goat’s milk is
low, it is slightly increased in the resulting
product — by 0,069/100g fat (P<0,001).
The amount of cis-isomers of oleic acid
(C-18:1cis-FA) in kefir is increased by
1,58/100g fat (P<0,001). An increase of
w-6/w-3 ratio in kefir has been found to
be 5,18, compared to the starting goat's
milk, due to metabolic changes occurring
during fermentation.

The lower myristic and palmitic
acids content as well as the higher
amount of monounsaturated fatty acids in
the resulting fermented product lead to a
lower value (1,22) of kefir atherogenic
index, versus the Al of the feedstock

(1,34). The LPS values of the raw
material and the fermented product
obtained, are almost identical,

93,169/100g product and 93,71g/100g
product, respectively, which means they
have a well-balanced fatty acid
composition.

CONCLUSIONS

The obtained experimental data on
the fatty acid profile of the test samples
prove, that the amount of both saturated
and monounsaturated fatty acids in the
kefir slightly increases, and the amount of
polyunsaturated fatty acids is slightly
reduced, compared to the results
recorded for the feedstock. The level of
essential w-3 fatty acids in the fermented
product is also reduced, in spite of the
increased amount of alpha-linolenic acid.
Essential w-6 fatty acids have almost
identical amount in the test samples.

Lower levels of myristyl and
palmitate fatty acids and a slightly higher
level of CLA in «kefir were found,

compared to goat milk. The Al value for
kefir is lower than that of goat's milk Al,
which is to show that the fermented
product is healthier in terms of lipid
content.

The LPS values show a well-balanced
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KUCE/IMHEH CcbCTaB Ha Ko3eTo Masiko u | fatty acid composition of goat’s milk and
noslyyeHust OT Hero chepmeHTUpan npoaykT, | fermented product produced from it, which

koeto rn onpefens kato NpoAyktM ¢ | makes them products of marked health
nogyepTaHun 34paBoC/I0BHN ehekTu. effects.
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PE3IOME

N3cnegsaHeTo e npoBefeHO C
n3Bapa, npomssBefieHa OT KO3e MJIAKO OT
Tpn nopoAaHu rpynn — bBbarapcka bsana
mneyHa (BBM) wu kpbcTockuTe U C
AHrnoHyéuinicka (AH) un ToreH6yprcka
ko3u (TI) B xoga Ha naktauusTa, 3a ga ce
YCTAHOBM CbAbpPXaHWETO Ha MoJie3Hu
(ecTecTBEHM) TpaHC MAaCTHU KUCENUHU
(TMK) 1 pa ce oueHM KayecTBOTO Ha
MacCTHOKUCEJIMHHUA CbCTaB Ha Npoaykra,
KaTo 34paBOCNOBEH MU3TOYHUK MPU XpaHe-
HeTo Ha 4YoBeka. V3Bapute nosiyyeHu ot
MASIKOTO Ha BBM ca ¢ Hali-BMCOKO
CbAbpXaHne Ha MasHUHU 28,91%,
JokaTo npu KpbcTockata ¢ TI e Hai-
HUCKO — 24,87%, aHa/10TM4HM ca pe3ynTa-
TUTE MNOJIyYEHU 3a MPOTEVHa, MNenesiHoTo
CbAbpXaHne 1 CyxoTo BeLlecTBo. Jiunua-
HUAT MpeBaHTMBEH CKOp B M3BapaTa oOT
Ko3e mnAko Bapupa ot 59,40 go 69,46
0/100g npoAyKT. ATepOoreHHUAT WHAOEKC
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SUMMARY

The study was conducted with curd
produced by goat's milk from three breed
groups — Bulgarian White Dairy (BWD)

and its crosses with Anglo-Nubian
(BWDxAN) and Toggenburg goats
(BWDXTG) during the Ilactation to

establish the content of natural trans fatty
acids (TFA) and to assess the quality of
the fatty acid composition of the product
as a healthy source in human nutrition.

The curd obtained from the BWD’'s milk
have the highest fat content — 28.91%,
while its crosses with TG are the lowest —
24.87%, the results obtained for the
protein, ash content and total solids are
analogous.

The lipid preventive score in curd ranges
from 59.40 to 69.46 g/100g of product.
The atherogenic index in the studied three



npu wuscnepgaHuTe u3Bapu OT  Tpwu
nopoaHu rpynu ko3u sapupa ot 2,13 go
3,78, a TpOMOOreHHUAT MHAEKC 3anasBa
TEeHAEHUMATA Ha U3MeHeHusaTa npu
areporeHHus nHaekc v e ot 2,91 o 3,71.
Hali-BMCOKM CTOMHOCTUN 3@ aTePOreHHus 1
TPOMOOreHHUA MWHAEKC ca YCTaHOBEHU
npu BBM. W3cnepsaHute wn3Bapu OT
M/ieka OT KO3M ce Xxapaktepusupar c
HUCBHK XonecteposieMuyeH uHaekc (nof
1.0) n Bapupat ot 0,28 go 0,70, kato Haii-
HUcbK e npu BBMXTI — 0,39. V3Baparta
OT pas/IMyHN nopoan KO3 e CbC
cbabpkaHne Ha TMK ot 0,44 po 1,25
0/100 g wus3Bapa. CbabpXaHWeTo Ha
HaCUTEHW MAacCTHM KUCENVHW B Wu3cnepn-
BaHWTe u3BapuM OT KO3M Bapupa npes
naktaymata ot 20,10 go 23,79, Kato Haii-
HMCKa cpefHa CTOMHOCT e YyCTaHOBeHa
npyn BBMXTI — 21,02 g/100 g u3Bapa.
ToBa rv onpegens kato u3sapu ¢ BUCOKO
Cb-ObpXaHWe Ha HacuTeHn MacTHU
kncenu-1u (Hag 1,5 g/100 g usBapa).

KntouoBn aymun: mnssapa OT Ko3e
MNSAKO, TpaHC MacTHu kucenuHn, CLA,
NHOEeKCH

YBO/,

Ko3eTo Mnsiko e J06Bbp M3TOUYHMK Ha
MaCTHW KUCEJSIMHW, NMPOTEUHU U MUHEPAIN.
KnacugmumpaHo e kato dyHKUMOHasHa
XpaHa, nopaju Bucokata My CMWIAeMOCT
asikaniHoCT, OydpepeH kanauuteT U ornpe-
JeneHn TepaneBTUYHM CBOWCTBA B XpaHe-
HeTO Ha 4YoBeka. Ko3eTo MSKO MMa TexXHo-
NOTMYHN MPeauMMCTBa Npej KpaBeTo MASIKO,
KaTo no-Masikus pasMep Ha MacTHuTe
rnobynu, KOUTO ocurypsia no-rnajka Tekc-
Typa B MPOM3BOAHUTE NPOAYKTU, MO-HUCKO
CbAbpXaHue Ha sl-kaseuH, KOeTo BoAM A0
no-Mekn MpoayKTW, NO-BUCOK KanauuteT 3a
3abpXaHe Ha BOAAaTa U MNO-HUCHK BUCKO-
3uTeT. ApOMaThT U BKYCHT Ha KO3e M/ISIKO U
M/IEYHM MPOAYKTW € NO-CU/IEH B CPaBHEHUE
C OCTaHa/MTe BMAO0BE M/ieka U MIeYyHn npo-
[OYKTW OT NPeXMBHU XUBOTHU, KOETO 61 orpa-
HUYMMIO TAXHOTO noTpebneHve (Gamage
et.al., 2016). MNpon3BOACTBOTO Ha MJIEYHMU
NpPoAyKTW OT KO3€e MJISIKO ce cMmsiTa 3a A4o6pa
anTepHaTMBa 3a  KOHCymaTopute  CbC
cneumasHu HyXau kato 6ebeTta, Bb3pacTHU
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goat breeds group ranges from 2.13 to
3.78 and the thrombogenic index keeps
the trend of changes in the atherogenic
index from 2.91 to 3.71.

The highest values for the atherogenic
and thrombogenic index were found in
BWD. The analysed curd from goat milk
were characterized by a low
cholesterolemic index (less than 1,0) and
ranged from 0.28 to 0.70, such as the
lowest being BWDXTG — 0.9. The curds of
different goat breeds group have a TFA
content from 0.44 to 1.25 g/100 g curd.
The content of saturated fatty acids in the
analysed curd from goat’s milk during the
lactation ranged from 20.10 to 23.79, as
the lowest average being found in
BWDxTG - 21.02 ¢g/100 g curd. This
defines them as curds with a high content
of saturated fatty acids (over 1.5 g/100 g
curd).

Key words: curd from goat milk,
trans fatty acid, CLA, indexes

INTRODUCTION

Goat milk is a good source of fatty
acids, proteins and minerals. It is classified
as a functional food because of its high
digestibility, alkalinity, buffer capacity and
certain therapeutic properties in human
nutrition. Goat milk has technological
advantages over cow's milk, such as the
smaller size of fat globules, which provides
a smoother texture in derived products,
lower sl-casein content, which results in
smoother products, higher capacity for
water retention and lower viscosity.

The flavour and taste of goat milk and
dairy products is stronger than other types
of dairy and dairy products, which would
limit their consumption (Gamage et al.,
2016).

The production of dairy products is
considered a good alternative for
consumers with special needs such as
babies, adults and people recovering from



M Bb3CTaHOBSBALUU
3ab60n1aBaHNsa Xopa.

Mpon3BOACTBOTO Ha M3Bapa OT Ko3e
M/ISIKO € CBbp3aHOo C 06pa3yBaHeTo Ha Mo-
MEK MU pexaB KoarynyMm, Tbil KaTo CbhAbpXa
Nno-HUCKN HMBa Ha anda-S1 ka3euH u ce
yCBOSIBa MO-/IECHO B CpaBHEHME C n3Bapara,
nosily4yeHa oT KpaBe MJISIKO.

Volkmann et al. (2014), uscnepgsart
B/IMSIHNETO Ha XPaHEHETO Ha MJIeYHU KO3u
BbPXy NPON3BOACTBOTO Ha KAYeCTBEHO MSIS-
KO W [okasBaT, ye BfaraHeTo Ha noaxo-
[JALLO KO/IMYECTBO KOHLEHTpUpaH dypax B
Jax6ute BoaM A0 nogobpsiBaHe Ha kadec-
TBOTO Ha MOJIYYEHOTO MJISAKO W NocTUraHe
Ha [06p0 CbLOTHOLlEHVMEe Ha owmera-6 u
omera-3 macTHuTe  kucesimHun  (n6/n3).
Cossignani et al. (2014), yctaHoBsIBaT Cb-
[ObpXaHue Ha HacUTEHW MacCTHW KUCESTMHU
71,2 ¢/100 g MasHMHA, MOHOHEHAaCUTEHMU
MacTHU kncenuHn 23,4 ¢g/100 g masHuHa,
NO/IMHEHACUTEHN MacTHU KucenuvHu 3,8
g/100 g MasHuHa, cnperHata JMHOMIOBa
kncenuHa 11,5 mg/100 g MNSKO U LUMPOK
[Jvana3oH Ha BapupaHe Ha CbOTHOLLEHMETO
Ha n6/n3 ot 2,7 go 10,6 B KO3e MJISIKO,
[oKato B MACTHOKUCE/IMHHUAT CbCTaB Ha
KO3e CcupeHe OT TbproBckara Mpexa Ha
YM6puA, ycTaHOBABAT CbAbpXaHWe Ha Ha-
CUTEHU MAacCTHW KUCENIMHU B MEKO CUpeHe —
70,1%, B nonytBbPAOTO — 67,7%, MOHOHe-
HacUTEeHW MaCTHU KUCENIMHN CbOTBETHO B
jBarta Buga cupeHe 25,2 n 26,1%, nonuHe-
HacuTeHn MacTHU KuUcenuHn — 3,7 n 4,7%,
CLA - 0,6 n 0,8%, BakceHOBa KuCe/MHa —
1,8 n 2,5%, omera-6- 2,8 n 3,0%, omera-3 —
0,4 n 0,9% N TAXHOTO CbOTHOLUEHME N-6/n-3 —
7,0 n 3,3 1 aTeporeHeH uHaekc — 2,7 n 2,4.

Cnopefi perynaymoHHata Mspka Ha
EC No 1924/2006 Ha EMN n Cwveeta ot 20
pekemspy 2006 r., CbAbpPXaHMETO Ha Hacu-
TEHW MaCTHU KUCESIMHW W TpaHC MacTHU
KACE/IMHN B TBBbPAM MPOAYKTU He HaaBu-
wasa 1,5 g/100 g wam 0,75 g/100 ml Teu-
HOCT, KaTo 1 B ABaTa c/lyyas CbAbpXaHue-
TO Ha HACUTEHW MACTHU KUCENWHW W TpaHC
MaCTHW KUCENUHW He HaaBuwasa 10% oT
[HEBHUA eHeprmeH npuemM 1 Tesn XpaHu ce
O3HayaBarT KaTo XpaHW C HUCKO CbAbpXaHue
Ha HMK. lNpeTteHuuaTa, 4ye gajeHa xpaHa

ce OT pas3/inyHu

He cbabpxa HMK, moxe pga 6bge
obo3HaueHa camo B CryvaiiTe, KoraTto
cbabpxaHneto Ha HMK u TMK He
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various diseases.

The production of goat's curd is
associated with the formation of a soft and
loose coagulum, as it contains lower
levels of alpha-S1 casein and is easier to
digest than the curds obtained from cow's
milk.

Volkmann et al. (2014) investigated
the impact of feed on dairy goats in the
production of quality milk, and
demonstrate that the incorporation of a
suitable amount of concentrated feed in
the diet leads to improving the quality of
the milk obtained and achieving a good
ratio of omega-6 and omega-3 fatty acids
(n6/n3). Cossignani et al. (2014),
established content of saturated fatty acid
71.2 g/100 g fat, monounsaturated fatty
acids 23.4 g/100 g fat, polyunsaturated
fatty acids 3.8 g/100 g fat, conjugated
linoleic acid 11.5 mg/100 g milk and wide
variation range of the n6/n3 ratio from 2.7
to 10.6 in goat's milk, whereas in Umbria’s
commercial goat cheese fat content, the
content of saturated fatty acids in cheese
was 70.1% in the semi-hard cheese -
67.7%, monounsaturated fatty acids in
both types of cheese respectively 25.2
and 26.1%, polyunsaturated fatty acids
3.7 and 4.7%, CLA - 0.6 and 0.8%,
vaccinic acid 1,8 and 2.5%, omega-6 —
2.8 and 3.0%, omega-3 — 0.4 and 0.9%
and their ratio n-6/n-3 — 7.0 and 3.3 and
atherogenic index — 2.7 and 2.4.

According to EU Regulation No
1924/2006 of the EP and the Council on
December 20, 2006, the content of
saturated fatty acids and trans fatty acids
in solid products does not exceed
1.5 g/100 g or 0.75 g/100 ml liquid , and in
both cases the content of saturated fatty
acids and trans fatty acids does not
exceed 10% of the daily energy intake
and these foods are referred to as low
content of saturated fatty acids. The claim
that a food does not contain SFA may
only be indicated if the SFA and TFA
content does not exceed 0.1 g/100 g of



Hagsuwasa 0,1 g/100 g npoaykt nam 0,1
g/100 ml TeuHoct (Regulation (EC)
No 1924/2006).

WN3cnenBaHeTo e nNpoBefeHo C M3Ba-
pa, npou3sBefeHa OT KO3e MJSAKO OT Tpu
nopogHu rpynn — bbnarapcka bana mnedHa
(BBM) 1 KpbcTOCKUTE U C AHI/IOHYOUIACKa
(BEBMXAH) n ToreH6yprcka (BEBMXTIT) Ko3m
B X0fa Ha fakrauusaTa, 3a fa ce ycTaHOBU
CbAbpXaHWeTo Ha nonesHn (ecTtecTBeHw)
TpaHc MacTHu kucenuHn (TMK) n pa ce
OLEHN KauyecTBOTO Ha MAaCTHOKUCESIMHHUSA
CbCTaB Ha NPOAYKTa, KaTto 34paBOC/IOBEH
W3TOYHUK NPU XpaHEHETO Ha YOBEKa.

MATEPVAJT U METOOU

N3cnegsaHa e wu3Bapa, npowus-
BefleHa OT M/SAKOTO Ha TpW MNOPOLHMU
rpynu — Bbvnrapcka bana mneyHa (6bM) n
KpbCTOCKUTE U ¢ AHrNOHYbuiicka (BEMxXAH)
n ToreHbyprcka (BBMXTI) ko3 npes
naktaumsata (3 x 4 6pos) 3a MacTHOKuce-
JIMHEH CbCTaB U YCTaHOBSIBAHE Ha CbAbp-
XaHMEeTO Ha TpaHC MaCTHW KUCEeNuHW, buo-
NOTMYHO aKTUBHU U aHTUKaHLEPOreHHW cy6-
CTaHUMM B mMacTHaTa thpakuus. MnskoTo e
B3€TO Mpe3 MeceL, anpws, 101 1 centemspu
U NOAJ/IOKEHO Ha TEXHOMOrMYHa obpaboTka
3a Npo13BOACTBO Ha nssapa (Purypa 1).

EkcTpakumata Ha obwu nvnugn e
uU3BbpWEHa N0 MeTofga Ha Roese-
Gottlieb, nocpenctsoMm  agnetnnos wu
neTposiees eTep v nocnensallo MeTuIun-
paHe ¢ nomoLliTa Ha HaTpueB MeTunart
(CH3ONa, Merck, Darmstadt) un cyweHe ¢
NaHSO,4.H,O. Metunosute ecrtepu Ha
MacTtHuTe kucenmuun (FAME) ca aHanu-
3MpaHn C nomoluTa Ha rasoB Xpomaro-
rpacp Shimadzu-2010 (Kioto, Japan)
CHabgeH ¢ nNamMb4yHO-NOHM3ALMOHEH
OEeTeKTop M aBTOMAaTW4YHA WHXEKLMOHHA
cuctema (AOC-2010i). AHanu3bT € u3-
BbpLUEeH Ha kanunspHa kosoHa CP 7420
(100m x 0.25mm i.d.,0.2um film, Varian
Inc., Palo Alto, CA). 3a Hocel, ras e us-
nonssaH BoAopon, a kaTto make-up ras —
asoT. lNporpamupaH e pexvMm Ha newra
Ha YeTUpWM CTBNKM — HavyanHara Temne-
paTypa Ha konoHaTa — 80°C/min, KOATO ce
noggbpka 3a 15 min, cneg KoeTto
HapacTBa ¢ no 12°C/min go 170°C wu ce
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product or 0.1 g/100 ml of

(Regulation (EC) No 1924 2006).

liquid

The study was conducted with curd
produced by goat's milk from three breed
groups — Bulgarian White Dairy (BWD)

and its crosses with Anglo-Nubian
(BWDxAN) and Toggenburg goats
(BWDXTG) during the Ilactation to

establish the content of natural trans fatty
acids (TFA) and to assess the quality of
the fatty acid composition of the product
as a healthy source in human nutrition.

MATERIAL AND METHODS

It was studied the curd produced by
the milk of three native groups — Bulgarian
White Dairy (BWD) and its crosses with
Anglo-Nubian (BWDxAN) and
Toggenburg goats (BWDXxTG) during the
lactation (3 x 4) for fatty acid composition
and establishment of trans fatty acids,
biologically active and anticancerogenic
substances in the fat fraction. The milk
was taken in April, July and September
and subjected to a processing technique
for the production of curd (Figure 1).

The extraction of total lipids was
carried out by the Roese-Gottlieb method,
using diethyl ether and petroleum ether
and subsequent methylation with sodium
methylate (CH3ONa, Merck, Darmstadt)
and drying with NaHSO,4.H,O. Fatty acid
methyl esters (FAME) were analyzed
using a Shimadzu-2010 gas
chromatograph (Kioto, Japan) equipped
with a flame ionization detector and an
automatic injection system (AOC-2010i).

The analysis was performed on a CP
7420 capillary column (100m x 0.25mm
i.d., 0.2um film, Varian Inc., Palo Alto,
CA). Hydrogen is used as the carrier gas,
and as a make-up gas — nitrogen. Four-
step furnace mode is programmed — the
column’s initial temperature is 80°C/min,
maintained for 15 minutes, then increased
by 12°C/min to 170°C and maintained for
20 minutes, followed by a further increase



noggbpxa 3a 20 min,

cnegea Hoso | of 4°C/min 186°C for 19 minutes and up to

noeuwasaHe ¢ 4°C/min go 186°C 3a 19 | 220°C with 4°C/min until the process is

min u pgo 220°C ¢ mno 4°C/min po
NpVKIOYBaHe Ha npotieca.

complete.

Raw goat's milk

Pasteurization
(850, 1% min)

v

Heating
(100°C)

v

Coagulation of milk
(citric acid, 1%)

p
Cooling
(20-25°C)
) 7
p
Fercolation
(6 hour, 4°C)
\

o )

dur. 1. TexHoI0rMyHa cxema 3a nosiydaBaHe Ha nssapa
Fig. 1. Process scheme of curd production

KauecTBeHaTta oueHKa Ha mMacTHa-
Ta pakuma Ha nosydeHnTe u3Bapw,
BK/IOYBA CMeAHWTE noKasaTtenu: nunu-
[JeH MpeBaHTUBEH CKOp, aTeporeHeH u
TpomboreHeH wuHaekc (Ulbricht and

The qualitative assessment of the
fat fraction of the resulting samples
includes the following: lipid preventive
score, atherogenic and thrombogenic
index (Ulbricht and Southgate, 1991), the
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Southgate, 1991), CbOTHOLLIEHMETO
MeXay Xvnep- U XMnoxosiecTeposieMnyHm
MaCTHW KUCENMHU, TPAHC MacTHU KUCenu-
HA W KO/MMYECTBOTO Ha HacuTeHute
MacTtHm  kucenmHun  (Regulation  (EC)

No 1924/20086).

JINC= ON +2x HMK- MHMK- 0,5 MHMK

Al= 12:0+ 4x14:0 +16:0 /[EMUFAs+PUFA n6+PUFA

n3]

TI=(14:0+16:0+18:0)/[ 0.5xZMUFAs+0.5XPUFA

n6+3xPUFA n-3+PUFA n3/ PUFA n6]

h/H=(C18:1n-9+C18:1n-7+C18:2n-6+C18:3n-

3+C18:3n-6+C20:3n-6+C20:4n-6 +C20:5n-

3+C22:4n-6+C22:5n-3+C22:6n-3)/(C14:0+C16:0)
JaHHuTe ca o06paboTeHn no me-

ToAuTe Ha BapuauuoHHaTa cTaTUcTuKa

MocpefCcTBOM CTaTUCTUYECKUS NakeT Ha

KoMnoTbpHaTa nporpama EXCEL 2013.

PE3SYNTATU N OBCBbXOAHE

PUSUKOXUMUYHUAT  CbCTaB  Ha
n3sapute, Mosly4eHn OT KO3e MJISAKO Ha
BBEM 1n kpbcTtocknte U ¢ AH u Tl ca
npeacraseHn Ha Tabnuua 1. W3sapute
nosy4yeHn oT MAskoTo Ha BBM ca ¢ Haii-
BMCOKO CbAbpXaHue Ha MasHUHU U
Bapupa ot 27,01 go 30,20%, pokato npu
KpbcTockaTa Ha BEM ¢ Tl e Hali-Hucko —
n Bapupa ot 22,70 no 26,83% B xofga Ha
nakrauuaTa. AHasIoTMYHN ca pesyntartuTe
noslyyeHn 3a MpoTenHa, NenesiHoTo
CbAbpPXaHNe 1 cyxoTo BewecTso. He ca
YyCTaHOBEHW CTaTUCTUYECKN [OCTOBEPHM
N3MEeHEHNs BbB (PM3NKOXMMUYHUSA CbCTaB
Ha u3Baparta npu BBM u kpbcTockuTe U,
KakTo 1 B Xofa Ha nakrauuata (Ta6svua 1).

ratio between hyper- and
hypocholesterolemic fatty acids, trans
fatty acids and the amount of saturated
fatty acids (Regulation (EC)
No 1924/2006).

LPS= FAT +2x SFA- MUFA- 0,5 PUFA
Al= 12:0+ 4x14:0 +16:0 [EMUFAs+PUFA n6+PUFA
n3]
TI=(14:0+16:0+18:0)/[ 0.5xZMUFAs+0.5xPUFA
n6+3xPUFA n-3+PUFA n3/ PUFA n6]
h/H=(C18:1n-9+C18:1n-7+C18:2n-6+C18:3n-
3+C18:3n-6+C20:3n-6+C20:4n-6+C20:5n-
3+C22:4n-6+C22:5n-3+C22:6n-3)/(C14:0+C16:0)
The data were processed using the
variation statistics methods using the
statistical package of the EXCEL 2013

computer program.

RESULTS AND DISCUSSION

The physicochemical composition
of the curds obtained from BWD goat's
milk and its crosses with Anglo-Nubian
(BWDxAN) and Toggenburg goats
(BWDXTG) are presented in Table 1.
Curds obtained from BWD’s milk have the
highest fat content and range from 27.01
to 30.20% while at the crossing of
BWDXTG is the lowest — and ranges from
22.70 to 26.83% during the lactation.
Similar are the results obtained for the
protein, ash and total solids content. No
statistically meaningful changes in the
physicochemical composition of curds in
the BWD and its crosses as well as during
the lactation were found (Table 1).

Tabnunua 1. ®U3MKOXMMUYEH CbCTaB Ha u3Bapa OT KO3e MAgko oT BBM wu

KpbcTockmnte U BEMXAH 1 BBMXTI

Table 1. Physicochemical composition of curd, produced by goat’s milk from

BWD, BWDxAN and BWDXTG

BEBM / BWD BBMxAH / BWDXAN BBEMXTI / BWDXTG

Moka3aTtenu / Parameters

X SD X SD X SD
CB /DM, % 50.25 0.57 47.68 2.99 46.04 1.45
MasHuHa / Fat, % 28.91 1.68 27.67 1.55 24.87 2.07
MpotewuH / Protein, % 19.18 0.68 17.24 3.73 15.91 2.72
MenenHo cbabpxaHune / Ash, % 0.88 0.12 0.82 0.20 0.74 0.28

MacTHOKUCENMHHUSIT ~ CbCTaB  Ha
M/iedyHaTa MasHMHA Ha Npou3BefEeHUTE
“3Bapy CpefHo 3a nepuopa e npeacTaBeH

The fatty acid composition of the
milk fat in produced curd average over
the period is shown in Table 2. Saturated
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Ha Tabnvua 2. HacuTeHWTe MacTHU Kuce-
NHWM Hamanseat oT 82,98 go 72,15 g/100g
Ma3HMHa. MOHOHeHacUTeHNTe U NOJIMHEHa-
CUTEHUTE MAaCTHM KUCE/IMHU HapacTsarT,
CcboTBeTHO oT 17,33 go 25,32 n ot 1,51 go
4,14 g/100g MasHuHa. TpaHC MasHUHUTE
HamansasaTt ot 4,90 go 1,50 g/100g ma3Hu-
Ha, [A0KaTO KOMMYECTBOTO Ha LUC U30oMe-
pute HapacTtBa ot 11,15 o 21,77 g/100g
MasHuHa. CbabpkaHneto Ha CLA B
n3cnegsaHute nssapu Hapactsa ot 0,23 go
0,84 g/100g ma3HuMHa (OKO/I0 2 MbTH).
Owmera-3 mMacTHUTE KUCEeNUHM BapupaT oT
0,26 go 1,12 g/100g masHMHa npe3 pas-
rnexgaHuns nepuog. AHasIornyHy ca pesyn-
TaTuTe M 3a omera-6 MacTHUTe KUCenHU —
1,36 po 2,40 g/100g MasHuHa.

fatty acids decrease from 82.98 to 72.15
g/100g of fat. Monounsaturated and
polyunsaturated fatty acids increase,
respectively from 17.33 to 25.32 and from
1.51 to 4.14 g/100g of fat. Trans fatty
acids decrease from 4.90 to 1.50 g/100g
fat, while the amount of cis isomers
increases from 11.15 to 21.77 g/100g fat.
The CLA content of the analysed
samples increases from 0.23 to 0.84
0/100g fat (about 2 times). Omega-3 fatty
acids range from 0.26 to 1.12 g/100g fat
during the period under review. The
results are similar for omega-6 fatty acids
are 1.36 to 2.40 g/100g fat.

Tabnuvua 2. MaCcTHO KMCe/IMHEH CbCTaB Ha U3Bapa, NosiyyeHa oT Ko3e MJ/ISKO OT
nopopgata 6BEM n kpbcTtockmnTe U ¢ AH 1 TI (g/100g Ma3HMHA)
Table 2. Fatty acids composition of curd, produced by goat’s milk from BWD and

its crosses with AN and TG (g/100g fat)

MK npodoun BBM BBEMxAH BBMXTT
FA profile BWD BWDxAN BWDXTG

X SD X SD X SD
> CLA 0.44 0.17 0.40 0.07 0.41 0.40
> C-18:1Trans-FA 3.04 1.56 2.23 0.54 3.08 1.59
> C-18:1Cis-FA 19.70 1.86 19.61 2.01 14.64 4.01
SFA 76.36 2.67 76.43 3.75 81.64 2.92
MUFA 24.12 2.55 23.09 2.19 19.12 2.85
PUFA 3.11 0.72 3.25 0.57 2.90 1.32
>n-3 0.81 0.31 0.96 0.20 0.73 0.41
>n-6 1.96 0.23 1.99 0.34 1.88 0.52
>n-6013n-3 2.61 0.82 2.08 0.13 3.21 1.73
Branched FA 1.22 0.11 1.17 0.11 1.29 0.19
CLA 0.42 0.19 0.37 0.07 0.39 041

MNngHWAT  NpeBaHTUBEH CKOp B The lipid preventive score in curd’s

n3sapara OT Ko3e MiaKo Bapupa oT 59,40
[0 69,46 g/100g npoaykT. Tol e Hal-HUCHK
npu n3sapara oT M/ISKOTO Ha Ko3n oT BBMX
Tr. ATeporeHHuAT WHAEKC npu U3Ccneg-
BaHWTEe u3Bapu OT TPW MOPOAU KO3U € B
JuanasoHa oT 2,13 pgo 3,78, a Tpowm-
6OreHHVAT MHAEKC 3ana3Ba TeHAeHuuATa
Ha M3MEHeHusTa Npu arteporeHHUs MHAEKC
ne ot 2,91 go 3,71. Hail-BUCOKM CTOAHOCTM
3a aTreporeHHWs u TPOMOOreHHUs WMHAEKC
ca yctaHoseHu npu BBM (Tabnmua 3).

from goat milk ranges from 59.40 to
69.46 g/100g product. It is lowest in curd
from BWDXTG goat’s milk. The atherogenic
index in the analyzed curds from three goat
breeds ranges from 2.13 to 3.78 and the
thrombogenic index maintains the trend of
changes in the atherogenic index and is
from 2.91 to 3.71. The highest values for
atherogenic and thrombogenic index were
found in BWD (Table 3).
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Ta6bnuua 3. KayecTBeHM rokasaTesin Ha MacTHata dpakuma npyv u3Bapa,
nosny4deHa oT Ko3e M/ISIKO OT nopogata BBEM n kpbcTtockute U ¢ AH n TT, (g/100g

NPOAYKT)

Table 3. Quality parameters of fat fraction in curd, produced by goat’s milk from
BWD and its crosses with AN and TG (g/100g product)

Mokaszatenu / Parameters BEBEM /BWD  BBMxAH /BWDXAN BBMXTI / BWDXTG
X SD X SD X SD
LPS 65.63 4.22 63.13 4.42 60.27 3.28
Al 2.63 0.63 2.70c* 0.30 351 0.39
Tl 2.87b* 0.23 3.01 0.22 3.48 0.29
h/H 0.57 0.12 0.58 0.06 0.39 0.10
PI 0.00 0.00 0.00 0.00 0.00 0.00
TFA (g/100g product) 0.87 0.40 0.61 0.13 0.74 0.32
SFA+TFA (g/100g product) 22.94 1.01  21.76 1.48 21.02 0.80

TPOMOBOTEHHUAT W aTeporeHHuAT The thrombogenic and atherogenic

WMHAEKC, KaTo nokasarenn He TpsbBa Oa
Hagsuwasat 1,00, gokato xosiectepone-
MWUYHMAT MHAekc ga e Hag 1,00 (lvanova
and Hadzhinikolova, 2015). /3cnegsaHute
n3Bapu OT MJ/ileKa OT KO3U Ce XapakTepu-
3MpaT C HUCBK XONecTeposieMuyeH NHAEKC
(nog 1.0) n Bapupar ot 0,28 go 0,70, kaTo
Han-HUCHK e Nnpn BBMXTT — 0,39. /3BapaTa
OT pasNNyHM MNOpPOoAMN KO3 € CbC CbAbp-
XaHvne Ha TMK ot 0,44 pgo 1,25 g/100 g
n3sapa. NonyyeHnte pesyntatu 3a uicep-
BaHUTe obpasun HM aasaT OCHOBaHWe Aa ru
OTHECEM KbM MNPOAYKTU C HUCKO CbAbP-
XaHue Ha TMK, cbrnacHo PernameHt (EO)
Ne 1924/2006. CbAbpXaHMETO Ha Hacute-
HA MacTHW KUCeNMHUW B u3cneaBaHuTe
n3Bapu OT KO3M Bapupa npes3 nakraumara
ot 20,10 go 23,79, KaTto Hal-HUCKa cpegHa
CTOMHOCT e ycTaHoBeHa npu BBMXTI —
21,02 g/100 g mn3sapa. Toa ru onpegensi
Kato n3Bapy C BUCOKO CbAbpXaHue Ha
HacUTEHW MacTHU kucenuHu (Hag 1,5 g/100
g u3Bapa).

n3BOAM

M3Bapute, nponsBesieHn OT MJISIKO-
TO Ha Ko3u ot nopofa BBM ce xapakre-
pusnpar ¢ No-B1UCOKM CTOMHOCTU Ha hm3n-
KOXMMUWYHWTE nokKasartesv B CpaBHEHUE C
nu3BapuTe, NpomssBefeHn OT M/SKOTO Ha
KpbCcTOoCckMTEe U Cc AH N TT.

MaCTHOKUCENIMHHUAT ~ CbCTaB  Ha
usBapata € C BUCOKO CbAbpXaHue Ha
610N0rMYHO aKTUBHW KOMMNOHEHTU B Kpasi Ha
pasrnexaaHns nepvoj — [ABYKpPATHO no-

index, as indicators, should not exceed
1.00 while the cholesterolemic index to
be over 1.00 (lvanova and
Hadzhinikolova, 2015). The analysed
curds form goat’s milk were characterized
by a low cholesterolemic index (less than
1.0) and ranged from 0.28 to 0.70, the
lowest being BWDxTG-0.39. The curds of
different goat breeds have TFA content
from 0.44 to 1.25 ¢/100 g curd. The
results obtained for the samples that
have been collected give us reason to
refer them to products with a low content
of TFA wunder Regulation (EC) No
1924/2006. The content of saturated fatty
acids in the curd from goat milk ranged
from 20.10 to 23.79, with the lowest
average being found at BWDXTG — 21.02
g/100 g curds. This defines them as
curds with a high content of saturated
fatty acids (over 1.5 g/100 g curd).

CONCLUSIONS

The curds produced from the goat
milk of the BWD goat are characterized by
higher values of the physicochemical
parameters compared to the curd made
from the milk of its crosses with Anglo-
Nubian (BWDxAN) and Toggenburg goats
(BWDXTG).

The fatty acid composition of curd
has a high content of biologically active
components at the end of the period
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BMCOKO CbAbpXaHue Ha uuc usomepute Ha | considered — twice as high as the cis-
nvHonoBsara kucenuHa, CLA 1 n-3. isomers of linoleic acid, CLA and n-3.
i3BapaTta, nosiydeHa OT Ko3e MJISKO The curds obtained from goat's milk
OT TPy MOPOAHU Tpynu ce knacuchuumpa | of three breeds are classified as a product
Kato  XpaHuTeneH  npoAykt € HUCKO | with low content of trans fatty acids (0.44
CbAbpXaHne Ha TpaHC MaCTHU KUCEJTUHU to 1.25 glloo g curd) and a h|gh content

(0,44 po 1,25 g/100 g n3Bapa) n BUCOKO | of saturated fatty acids (20.10 to 23.79
ChABPKAHME  HA  HACMTEHN  MACTHN | 01100 ¢ curd).

kncenunn (20,10 go 23,79 g/100 g ussapa).
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PE3IOME

WN3cnenBaHeTo e npoBeAeHO C Kuce-
10 MAISIKO, MPOU3BELEHO OT KO3€ MJISAKO Ha
Tpu nopogHu rpynu — bBbarapcka bsna
mnedHa (BEM) n kpbcToCKMTE U C AHITIOHY-
ouiicka (AH) n ToreHbyprcka ko3m (TI) B
Xofda Ha nakrauusTta, 3a [a ce ycTaHOBU
CbAbpXaHWETO Ha Mosie3HU (ecTecTBeHM)
TpaHC MacTHu kucenmHm (TMK) n ga ce
OLEHN KayeCTBOTO Ha MAaCTHOKUCESIMHHUA
CbCTaB Ha NpPOAyKTa, KaTto 34paBOC/IOBEH
N3TOYHUK NPV XpaHeHeTo Ha Yoseka. O6Lu-
Te MasHWHW B u3cneaBaHuTe KUcenu mieka
OT K03u oT nopoga BBM 1 kpbcTockuTe U
cpegHo 3a nepuopa ca 4,60% 3a BBM,
5,05% npu BEMXAH 1 5,11% npu BEMXTT .
KonmyecTtBOTO Ha NPOTEMHBT € Hal-HUCHK
npn 6BM — 3,11% 1 cpaBHUTE/IHO eHaKbB
npu BBMxAH — 3,37% n BBMXTI- 3,34%.
AHanNorMyHn ca pesynrtatute uM 3a CyxoTo
BeLLecTBO. JIMMUOHNUAT NPEBAHTUBEH CKOP B
KO3eTo Kuceno mMnako Bapupa ot 9,11 po
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SUMMARY

The study was conducted with
yoghurt produced by goat's milk from
three breed groups — Bulgarian White Dairy
(BWD) and its crosses with Anglo-Nubian
(BWDxAN) and  Toggenburg  goats
(BWDXTG) during the lactation to establish
the content of natural trans fatty acids
(TFA) and to assess the quality of the
fatty acid composition of the product as a
healthy source in human nutrition. The fat
in the analysed yoghurt from BWD goat
breed and its crosses its average for the
period are 4,60% for BWD, 5,05% for
BWDxAN and 5,11% for BWDXTG.

The protein content is the lowest in BWD —
3.11% and relatively uniform at BWDxAN —
3.37% and BWDXTG - 3,.34%. The
results are similar for total solids. The lipid
preventive score in goat yoghurt varies



13,17 ¢/100g npoAaykT. ATeporeHHuAT
WHOEKC NPU U3C/1eBaHNTE KMCeNU M/ieka ot
TpuTEe MOPOAHW rpynu Ko3u sapupa oT 2,25
[o 3,77, a TPOMBOreHHUAT MHAEKC 3ana3Ba
TeHAeHUusATa Ha M3MEHeHusaTa npu artepo-
reHHus nHaekc n e ot 2,74 po 3,78. Kuce-
NIOTO MANSAKO OT pas/iMyHu MOPOAHN Tpynu
KO31 e CbC cbabpXaHue Ha TMK ot 0,07 go
0,16 g/100 g K1ceno MNSAKO N € MPOAYKT C
HUCKO CbAbpXaHue Ha TMK. CbabpxaHue-
TO Ha HaCUTEHN MACTHW KUCENNHW B WU3-
cnegBaHUTe KMUCeN Meka OT KO3U Bapupa
npes naktauymsata ot 3,17 o 4,50, kaTto Haii-
HMCKa cpefiHa CTOMHOCT € ycTaHOBeHa npu
BBEM 3,58 /100 g Kkuceno Mnsko u ce
onpefensar Karto KuACenu Msieka C BUCOKO
CbAbpXaHne Ha HacUTeHW MacTHWU Kucesin-
HK (Hag 1,5 g/100 g knceno Mnsiko).

KnwoyoBu pgymu: un3Bapa OT Ko3e
M/ISKO, TpaHc MacTHU kucenuHu, CLA,
NHAEKCH

YBO/,

Mpon3BOACTBOTO Ha MJ/IEYHOKMCENN
NpoAYKTU OT KpaBe, OBYE U KO3e MNSKO e
XapakTepHo 3a cTpaHuTe ot banskua MN3Tok
n CpegmsemMHoMopckns 6aceiH. Te gonbii-
BaT XpaHEHEeTO Ha 4YoBeKa, kaTo ocurypsasart
B&XXHWN XpaHUTE/THN BeLLeCTBa 3a pacTexa u
pa3BuUTUETO M AONPUHACAT 3a A06pus 3apa-
BOC/I0BEH cTaTyc. [Npon3BOACTBOTO Ha Ku-
Cesio MSKO OT KO3e MJIAKO WM CMec OT
KpaBe M KO3e MSKO € NOpPOAEeHO OT anep-
TMYHWU peakumun, npeaus3BuKaHn oT 6uBON-
CKO, OBYE W KpaBe MNSAKO. MasHuHWUTE B
MASKOTO Cca efHa OT OCHOBHMUTE W Haii-
B&)XHW CbCTaBKM 3a TexHosiormyHaTa obpa-
60TKa U XpaHuTesiHata CTOMHOCT Ha MJISIKO-
T0. Kompan and Komprej (2012), yctaHo-
BABAT Y€ CbAbPXKAHMETO Ha Ma3HUHW B
MJ/IAKOTO OT KO3W € BMUCOKO C/lef, paxgaHeTo
W HamansBa B Xofa Ha fnaTauusaTta, nopoje-
HO OT ABa (peHOMeHa — eeKT Ha paspex-
[aHeTo, NopofeH OT yBesMyeBaHe Ha obe-
Ma Ha M/IAKOTO [0 HacTbMNBaHe Ha nvka Ha
nakrauusita M HamasisiBaHe Ha Mobunusa-
umMAaTa Ha MasHUHW, Nopaau NoHWXaBaHe Ha
KO/IMYEeCTBOTO Ha nna3mMeHu HeecTepudm-
LUMpaHn MacTHU KWUCEsIMHW, MO CchneumnasiHo
Ha C18:0 1 C18:1 3a cuHTe3aTa B MjleyHaTa
xnesa. Serhan et al. (2016) npu npou3Boa-
CTBOTO Ha KOHLEHTPUpaHO K1ceno MAsKo ot
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from 9.11 to 13.17 g/100g of product. The
atherogenic index in the analyses yoghurt
from the three goat groups ranges from
2.25 to 3.77 and the thrombogenic index
keeps the trend of atherogenic index and
is from 2.74 to 3.78. Yoghurt from
different goat groups has a content of TFA
from 0.07 to 0.16 g/100 g yoghurt and is a
low TFA product.

The content of saturated fatty acids in the
analysed goat's yoghurt ranges from 3.17
to 4.50, such as the lowest average value
being found in BWD 3.58 g/100 g yoghurt
and defined as yoghurt with high
saturated fatty acid content (over 1.5
0/100 g yoghurt).

Key words: curd from goat milk,
trans fatty acid, CLA, indexes

INTRODUCTION

The production of lactic acid
products from cow, sheep and goat's milk
is typical of the Middle East and the
Mediterranean basin. They complement
human nutrition by providing essential
nutrients for growth and development and
contributing to good health status. The
production of yoghurt from goat's milk or a
mixture of cow's and goat's milk is caused
by allergic reactions caused by buffalo,
sheep and cow’s milk.

The fats in milk are one of the main and
most important ingredients for the
technological processing and nutritional
value of milk. Kompan and Komprej
(2012), establish that the fat content of
goat's milk is high after birth and
decreases during the lactation be caused
by two phenomena — a dilution effect
resulting from an increase in milk volume
until the peak of lactation and a decrease
in fat mobilization due to decreasing the
amount of plasma non-esterified fatty
acids, particularly C18:0 and C18:1 for
breast milk synthesis. Serhan et al. (2016)
in the production of concentrated yoghurt
from goats, has a fat content of 9.25%,



KO3U, MonyvyaBa CbAbpXaHWe Ha MasHWHM
9,25%, npoTenH 9,12%, neneHo cbAbpxa-
Hne 1,16%, HacUTEHW MacTHU KUCENNHU
69,1 ¢g/100 g MasHWHa, NOIMHEHACUTEHN
27,2 g/100g mMa3HMHa M MOHOHEHAaCUTEHWU
MacTHU kucenvHn 3,4 g/100 g MasHuHa K
ateporeHeH uHpgekc 2,84. Serafeimidou et
al. (2012), npn n3cnegBaHe Ha Ko3e KUCeno
M/IAKO C pas3nunyeH reorpadckn npousxop,
yCcTaHoBsIBa Ye cbAbpxaHueto Ha CLA e oT
0,433 o 0,976 g /100 g Ma3HMHa, KakTo 1
4ye HWUCKOMAcCNeHOTO MJISIKO € C MO-HWUCKO
CbAbpXaHve Ha crnperHara MHOMN0BA Kuce-
JIVHa CrnpsIMO NMb/IHOMAC/IEHOTO, aHa10rny-
HO TMO-BUCOKO CbAbpxaHue Ha CLA npu
KucenmTe M/eka npoussBefeHyn OT MSKOTO
Ha >XKMBOTHW OTINIEXAaHN B NMAaHUHCKUTE
palioHy CnpsiMO paBHUHHUTE.

WN3cnegsaHo e KMCeno MsKo, Npous-
BeleHO OT KO3e M/ISKO Ha Tpu MOpOAHU
rpynn — Bvnarapcka bsana mnevda (BBM) un
KpbCTOCKMTE U C AHrnoHybuiicka (AH) un
ToreHbyprcka ko3u (TI) B xoga Ha
nakrauusta, 3a ga ce yCcTaHOBWM CbAbpXa-
HMETO Ha nofiesHn (ecTecTBeHWn) TpaHc
MacTHu kucenumHm (TMK) n ga ce oueHm
KayeCcTBOTO Ha MacCTHOKUCE/IMHHUSA CbCTaB
Ha NpoAykTa, KaTo 34paBoC/NOBEH U3TOUYHMUK
npv XpaHeHeTo Ha YoBekKa.

MATEPVAT N METOOU

WN3cnepBaHu ca Nb/IHOMACNEHU Knce-
N1 Mneka, Npou3BeAeHn OT MISAKOTO Ha Tpu
nopogHu rpynn — bbarapcka bsna mneyHa
(BBEM) 1 kpbcTOCKMTE U C AHINIOHYy6UICKa
(BBMxAH) n ToreH6yprcka (BEBMXTI) ko3m
npes nakrayuata (3 x 4 6pos) 3a MacTHO-
KACE/IMHEH CbCTaB W YCTaHOBSIBAHE Ha
CbAbPXaHWETO Ha TPaHC MaCTHU KUCE/TMHY,
6MONOTMYHO aKTUBHU U aHTUKAHLEPOreHHU
cybcTaHUMy B macTHaTta pakums. MnskoTo
€ B3eTO npe3 Mecel anpui, am u
CenTemMBpu 1 NOAJIOKEHO Ha TEXHOMNOrMyHa
06paboTka 3a NpPOU3BOACTBO Ha KuCesno
msko (Purypa 1).
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protein 9.12%, ash 1.16%, saturated fatty
acids 69.1 g/100 g fat, polyunsaturated
27.2 ¢/100g fat and monounsaturated
fatty acids 3.4 g/100 g fat and atherogenic
index 2,84. Serafeimidou et al. (2012), at
research on goat yoghurt of different
geographical origin, found that the CLA
content was from 0.433 to 0.976 g/100 g
fat and that low-fat yoghurt had a lower
content of conjugated linoleic acid than
the whole fat yoghurt , similarly higher
CLA content the sour milk produced from
the yoghurt of animals reared in the
mountainous areas compared to the
lowlands.

The study was conducted with
yoghurt produced by goat's milk from
three breed groups — Bulgarian White
Dairy (BWD) and its crosses with Anglo-
Nubian (BWDxAN) and Toggenburg goats
(BWDXTG) during the Ilactation to
establish the content of natural trans fatty
acids (TFA) and to assess the quality of
the fatty acid composition of the product
as a healthy source in human nutrition.

MATERIAL AND METHODS

They are being studied whole fat
yoghurt produced from the milk of three
breed groups — Bulgarian White Dairy
(BWD) and its crosses with Anglo-Nubian
(BWDxAN) and Toggenburg goats
(BWDXTG) during the lactation (3 x 4) for
fatty acid composition and determination
of the content of trans fatty acids,
biologically active and anticancerogenic
substances in fat fraction. The milk was
taken in April, July and September, and
was subjected to a yoghurt processing
technology (Figure 1).
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dur. 1. TexHoN0OrM4yHa cxema 3a nosyyaBaHe Ha KMCcesio M/ISKO
Fig. 1. Process scheme of yoghurt production

EkcTpakuusta Ha obwy nunugm e
n3BbpLUEHa No meToda Ha Roese- Gottlieb,
nocpescTBOM AMETU/IOB 1 NETPOJIEEB eTep
1 nocnejgalwo MetTunaMpaHe ¢ noMolyTa Ha
HaTpueB MmeTtunaTt (CH;ONa, Merck,
Darmstadt) u cyweHe ¢ NaHSO,.H,0. Me-
TU/IOBUTE €CTEpPU Ha MAacCTHUTE KUCENMHU
(FAME) ca aHanusupaHu C nomouira Ha
rasoB xpomartorpad Shimadzu-2010 (Kioto,
Japan) cHabgeH C niaMbyHO-MOHU3aLMNO-
HEH [eTEeKTOp U aBTOMAaTWMYHA WHXEKLMOH-

The extraction of total lipids was
carried out by the Roese-Gottlieb method,
using diethyl ether and petroleum ether and
subsequent methylation with  sodium
methylate (CH3ONa, Merck, Darmstadt)
and drying with NaHSO,.H,0. Fatty acid
methyl esters (FAME) were analyzed using
a Shimadzu-2010 gas chromatograph
(Kioto, Japan) equipped with a flame
ionization detector and an automatic
injection system (AOC-2010i). The analysis
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Ha cuctema (AOC-2010i). AHa/IM3bT €
M3BbPLUEH Ha KanunsapHa konoHa CP 7420
(200m x 0.25mm i.d.,0.2um film, Varian
Inc.,, Palo Alto, CA). 3a Hocew, ras e
n3non3saH BOLOPOS, a kato make-up ras —
asoT. lMporpamupaH e pexum Ha newra Ha
YyeTUpu CTBIKN — HaYyaslHata Temneparypa
Ha KosioHata — 80°C/min, kKoAaATo ce
nogabpxa 3a 15 min, cnep koeTo HapacTea
¢ no 12°C/min go 170°C 1 ce nogabpxa 3a
20 min, cnegBa HOBO MOBULLIABaHE C
4°C/min o 186°C 3a 19 min n go 220°C ¢
no 4°C/min 40 NPUKIOYBaHe Ha npoteca.
KayecTBeHaTa OLeHka Ha macTHaTa
dpakuma Ha noslyyeHUTe KUCesn MIeka,
BK/IIOYBA CflefHUTe nokasatenun: AunuaeH
npeBaHTVBEH CcKop, aTeporeHeH n
TpomboreHeH  wuHgekc  (Ulbricht  and
Southgate, 1991), CbOTHOLIEHNETO MeXAy
Xunep- U XUNoxosiecTeponeMnyHn MacTHU
kncenuHn (lvanova and Hadzhinikolova,
2015), TpaHC MacCTHM KUCEMHM W
KO/IMYECTBOTO Ha HACUTEHUTE MacTHU
kncenuHn (Regulation (EC) No 1924/2006).
JINC= O/ +2x HMK- MHMK- 0,5 MHMK
Al= 12:0+ 4x14:0 +16:0 [EMUFAs+PUFA n6+PUFA
n3
Tli(14:0+16:0+18:0)/[ 0.5xZMUFAs+0.5xPUFA
n6+3xPUFA n—-3+PUFA n3/ PUFA n6]
h/H=(C18:1n-9+C18:1n-7+C18:2n-6+C18:3n-
3+C18:3n-6+C20:3n-6+C20:4n-6 +C20:5n-
3+C22:4n-6+C22:5n-3+C22:6n-3)/(C14:0+C16:0)
[JaHHute ca ob6bpaboTteHu no
MeToauTe Ha BapuaLlMoHHaTa CTaTUCTUKa
NnocpeAcTBOM CTaTUCTUYECKUA MNakeT Ha

KoMnoTbpHaTa nporpama EXCEL 2013.

PE3SYNTATU N OBCBbXOAHE

O6wnte MasHUHW B nscneasaHuTe
KUcesnm Msnieka oT Ko3u oT nopoga 6BM u
KpbCTOCKMTE U cpegHO 3a nepuoja ca
4,60% 3a BBM, 5,05% npn BBMXAH wu
5,11% npu BBMXTI. KonnyectBoTto Ha
NPOTENHBLT € Hal-HUCHK npu BBEM — 3,11
W CpaBHUTE/IHO efHakbB nNpy BEBEMxAH —
3,37 n BBMXTT — 3,34%. AHanornyHu ca
pe3yntatute M 3a CyxoTo BellecTBo. He
ca yCTaHOBEHM CTaTUCTMYECKN AOCTOBEp-
HNW W3MEHEHUS BbB (PUINKOXUMUYHUSA
CbCTaB Ha KucesoTo MAAKo npu BBEM un
KpbCTOCKMTE U, KakTO M B Xoja Ha
naktaymata (Tabnuua 1).

was performed on a CP 7420 capillary
column (100m x 0.25mm i.d., 0.2um film,
Varian Inc., Palo Alto, CA). Hydrogen is
used as the carrier gas, and as a make-
up gas — nitrogen. Four-step furnace
mode is programmed — the column’s initial
temperature is 80°C/min, maintained for 15
minutes, then increased by 12°C/min to
170°C and maintained for 20 minutes,
followed by a further increase of 4°C/min
186°C for 19 minutes and up to 220°C
with  4°C/min until the process is
complete.

The qualitative evaluation of the fat
fraction of the yoghurts obtained includes
the following indicators: lipid preventive
score, atherogenic and thrombogenic
index (Ulbricht and Southgate, 1991), the
ratio of hyper- and hypocholesterolemic
fatty acids (lvanova and Hadzhinikolova,
2015), trans fatty acids and the amount of
saturated fatty acids (Regulation (EC)

No 1924/2006).

LPS= FAT +2x SFA- MUFA- 0,5 PUFA

Al=12:0+ 4x14:0 +16:0 /[[ZMUFAs+PUFA n6+PUFA

n3]

TI=(14:0+16:0+18:0))[  0.5xZMUFAs+0.5xPUFA

n6+3xPUFA n-3+PUFA n3/ PUFA n6]

h/H=(C18:1n-9+C18:1n-7+C18:2n-6+C18:3n-

3+C18:3n-6+C20:3n-6+C20:4n-6+C20:5n-

3+C22:4n-6+C22:5n-3+C22:6n-3)/(C14:0+C16:0)
The data were processed using the

variation statistics methods using the

statistical package of the EXCEL 2013

computer program.

RESULTS AND DISCUSSION

The fat in the analyzed yoghurt
from the milk from Bulgarian White Dairy
breed and its crosses its average for the
periods are 4.60% for BWD, 5.05% for
BWDxAN and 5.11% for BWDXTG. The
amount of protein is the lowest at BWD —
3.11 and comparatively uniform in
BWDxAN — 3.37 and BWDXTG — 3.34%.
The results are similar for total solids. No
statistically significant changes in the
physicochemical composition of yoghurt
from BWD and its crosses as well as
during the lactation have been identified
(Table 1).
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Tabnuya 1. PUNKOXMMUYEH CbCTaB Ha KO3e Kucesio MAsko oT BBM wu
KpbcTockmnte U BEMXAH 1 BBMXTI npe3 nakTtauMoHHUSA NepUo,

Table 1. Physicochemical composition of yoghurt by goat’s milk from BWD,
BWDxAN and BWDXxTG during the lactation

NokazaTesm / Parameters BEEM /BWD BBMxAH / BWDxXAN BBEMXTI / BWDXTG
X SD X SD X SD
CB /DM, % 12,78 0,60 13,52 0,87 13,74 0,76
MasHuHa / Fat, % 460 041 5,05 0,68 5,11 0,53
MpoTewuH / Protein, % 3,11 0,14 3,37 0,34 3,34 0,17

MaCTHOKMCENMHHNAT CbCTaB Ha Ko3e
KMCeno M/ISAKO e npefcTaBeH Ha Tabnuua
2. HacuteHuTe MacTHU KMCENWHU Hamans-
Batr ot 80,28 pgo 73,57 g/100g masHuHa.
MOHOHEeHacUTeHUTE W MNOSIMHEHACUTEHUTE
MaCTHM KUCENIMHW HapacTBaT, CbOTBETHO
ot 19,65 go 25,25 n ot 3,14 go 3,55 g/100g
Ma3HMHa. TpaHC MasHWHMTE HapacTear oT
1,40 po 3,15 g/100g mMa3HuHa, aHasI0rM4yHK
ca W pesyntatute noOMyd4eHM 3a UUC
nsomepute ot 14,33 po 21,33 g/100g
MasHuHa. CbabpkaHneto Ha CLA B
nscneasaHuTe KUCENM Mfleka HapacTtsa OT
0,24 po 0,52 @¢/100g masHuHa (okono 2
nbtn). Owmera-3 MacTHUTE  KUCEJIMHU
Bapupat ot 0,81 go 1,01 g/100g masHuHa
npe3 pasrnexgaHnsa nepuog. AHasI0TyYHN
ca pesynratute uM 3a omera-6 MacTHUTe
KncenuHn — 1,92 po 2,27 g/100g masHuHa.
YcTaHOBEHNTe CTaTUCTUYECKN OOCTOBEPHU
M3MEHEHUS B MACTHOKUCE/IMHHUA CbCTaB
Ha KUCenoTo MSKO OT TpUTe rpynu Ko3u e
npeacrtaseH Ha Tabnvua 3.

The fatty acid composition of goat
yoghurt is presented in Table 2.
Saturated fatty acids are decreased from
80.28 to 73.57 g/100g fat.
Monounsaturated and polyunsaturated
fatty acids are increase from 19.65 to
25.25 and from 3.14 to 3.55 g/100g fat
respectively. Trans fatty acids increase
from 1.40 to 3.15 g/100 g fat, and the
results obtained for cis- isomers are
similar from 14.33 to 21.33 g/100 g fat.
The CLA content of the analyses yoghurt
increased from 0.24 to 0.52 g/100g fat
(about 2 times). Omega-3 fatty acids
range from 0.81 to 1.01 g/100g fat during
the period under review. The results for
omega-6 fatty acids are similar — 1.92 to
2.27 g/100g fat. The statistically
significant changes in the fatty acid
composition of the yoghurt from the three
breed groups of goats are presented in
Table 3.

Tabnuua 2. MaCTHO KUCENMHEH CbCTaB Ha KO3e KMUCENO MJISKO, MOJIYYEHO OT
nopogata 6BM u kpbcTocknte U ¢ AH n Tl (g/100g ma3HMHAa)

Table 2. Fatty acids composition of yoghurt, produced by goat’s milk from BWD
and its crosses with AN and TG (g/100g fat)

MK npodomn BEBM / BWD BEBEMxAH / BWDXAN BBMXTI / BWDXTG
FA profile X SD X SD X SD
> CLA 0,50 0,05 0,40 0,05 0,32 0,06
> C-18:1Trans-FA 2,51 0,89 2,12 0,63 2,32 0,79
> C-18:1Cis-FA 20,46 1,23 19,46 2,30 16,46 2,91
SFA 75,32 2,06 77,44 2,47 80,56 2,82
MUFA 24,37 1,99 22,89 1,91 19,93 2,48
PUFA 3,55 0,06 3,25 0,10 3,30 0,03
>n-3 0,93 0,09 0,93 0,04 0,86 0,05
Sn-6 2,20 0,07 2,02 0,09 2,22 0,07
Sn-6015n-3 2,38 0,30 2,18 0,11 2,60 0,16
Branched FA 1,22 0,08 1,23 0,09 1,19 0,08
CLA 0,47 0,05 0,37 0,04 0,30 0,06
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Ta6bnuua 3. CTaTUCTUYECKM aHasiM3 Ha MacTHO KUCe/IMHEH CbCTaB Ha Ko3e
K1UCesio M/ISKo, Nosy4eHo oT nopogaTta BBEM n kpbcTockmte U ¢ AH n TI (g/100g

Ma3HNHa)

Table 3. Statistical analysis of fatty acid composition of yoghurt, produced by
goat’s milk from BWD and its crosses with AN and TG (g/100g fat)

MK npodoun / FA profile

C-9:0
C-26:0
C-17:1n7
CLA9c,11t *
> CLA

SFA

PUFA *
>n-6/>n-3

CLA *

BWD / BWDXAN BWD /BWDXTG BWDXAN / BWDXTG
*

*

O T

vnnaHnat  npeBaHTUBEH CKOp B
KO3eTo Kuceno Mnsko Bapupa ot 9,11 ao
13,17 ¢/100g npogykT. Toii e Hal-HUCHK
npu KUCENoTO MJ/ISIKOTO OT KO3 nopoja
BBM. ATeporeHHuAT MHAEKC npun nicnensa-
HUTE KWUCenu Meka OT TpW MOPOoAM KO3W
Bapupa oT 2,25 fo 3,77, a TpOMOGOreHHUAT
WHAEKC 3ana3Ba TeHAeHUMsiTa Ha U3MeHe-
HUATa NPU aTeporeHHnsa HAEKC 1 e ot 2,74
Ao 3,78. Hali-BMCOKM CTOMHOCTM 3a aTepo-
FeHHWS U TPOMBOreHHNs WHAEKC ca ycTa-
HoBeHU npu BBEMXTT (Tabnuua 4).

The lipid preventive score in goat
yoghurt varies from 9.11 to 13.17 g/100g
of product. It is lowest in goat yoghurt
from BWD breed. The atherogenic index
in the analyses yoghurt from the three
goat groups ranges from 2.25 to 3.77 and
the thrombogenic index keeps the trend
of atherogenic index and is from 2.74 to
3.78. Highest values for the atherogenic
and thrombogenic index were found in
BWDXTG (Table 4).

Tabnuua 4. KayecTBeHW NokasaTesin Ha MacTHaTa opakumsi Npu KMCeno MJIsiko,
nosiydeHo ot nopogata bBEM n kpbcTockute U c AH 1 TI, (g/100g npoAayKT)

Table 4. Quality parameters of fat fraction in yoghurt, produced by goat’s milk
from BWD and its crosses with AN and TG (g/100g product)

NokazaTesm / Parameters BE6EM / BWD BBEMxAH / BWDXAN BBMXTI / BWDXTG
X SD X SD X SD
LPS 10,33 1,18 11,62 1,34 12,22 0,84
Al 256 058 2,69 0,23 3,35 0,37
TI 2,84 019 3,02 0,19 3,45 0,33
h/H 0,59 0,10 0,57* 0,05 0,43 0,06
TFA (g/100g product) 0,11 0,04 0,10 0,02 0,12 0,04
SFA+TFA (g/100g product) 3,58 0,38 4,01 0,42 4,23 0,27

N3cnegBaHuTe Kkucenu meka oT The tested goat's yoghurt is

KO3M ce xapakTtepusumpar C HUCHK Xosiec-
TeponemuyeH nHaekc (< 1.0) u Bapupart
ot 0,38 pgo 0,67, KaTo Hali-HUCHLK € npwu
BBEMXTI — 0,43. KucenoTto mMnsiko ot pas-
NINYHN NOPOAN KO3U € CbC ChbAbpXKaHue
Ha TMK ot 0,07 go 0,16 g/100 g kucesno
MAsKo. MonyyeHuTe pesyntatu 3a uscef-

characterized by a low cholesterol index
(below 1.0) and ranges from 0.38 to 0.67,
the lowest being BWDxTG - 0.43.
Yoghurt of different goat breeds has TFA
content from 0.07 to 0.16 /100 g
yoghurt. The results obtained for the
samples that have been collected give us
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BaHWTe obpasuyu HM JaBaT OCHOBaHMe fda
M OTHECeM KbM MPOAYKTM C HUCKO
cbabpXaHue Ha TMK, cbrnacHo Perna-
MeHT (EO) Ne 1924/2006. CbabpxaHue-
TO Ha HaCUTEHW MacCTHW KUCENIHN B
nuscnefBaHNTe Kucenu Mseka OT KO3u
Bapupa npe3 nakraumdata ot 3,17 pgo
4,50, kaTo Hali-HMCKa cpefHa CTOMHOCT e
ycTaHoBeHa npu BBM — 3,58 @/100 g
Kucesno mnsko. Tosa v onpegens Karo
KMCenn MJieKka C BUCOKO CbAbpXaHue Ha
HacuTeHW MacTHu kucenunu (Hag 1,5
g/100 g Kuceno Mnsko).

N3BOAN
Kncenoto MAsiko, NOMy4eHO OT KPbCTOC-
kaTa Ha BBM c Tl e ¢ Hali-BMCOKK MoKa-
3aTenn 3a MasHWHW, MNPOTEMH U CYXO
BewecTBo. CbAbpXaHMeTo Ha 6uonorny-
HOAKTMBHUTE MACTHW KUCE/IMHW B U3cnep-
BaHUTe ob6pa3un HapacTBa [ABYKpaTHO-
CLA, nonesHute TpaHC MacTHU KUCENNHU
1 omera-3 MacTHU KUCesIMHU. MonyyeHuTe
pesyntaTtu 3a UscnefBaHUTe KUCeNu me-
Ka OT pas/InyHM NOPOAN KO3W Ce OTHacAT
3a MPOAYKTM C HUCKO CbAbpXaHWe Ha
TMK (0,07 po 0,16 ¢g/100 g kuceno mns-
KO) 1 C BUCOKO CbAbpXaHNE Ha HaCUTEHU
MacTHu kucenuHu (ot 3,17 go 4,50 g/100
g KMCEeNo MASIKO).

reason to refer them to products with a
low content of TFA under Regulation
(EC) No 1924/2006.

The content of saturated fatty acids in the
goat's yoghurt varies during the lactation
from 3.17 to 4.50, with the lowest
average value found for BWD - 3.58
0/100 g yoghurt. This defines them as
yoghurt with a high content of saturated
fatty acids (above 1.5 g/100 g yoghurt).

CONCLUSIONS

Yoghurt obtained from Bulgarian White
Dairy (BWD) and its crosses Toggenburg
goats has the highest value of fat, protein
and total solids. The content of
biologically active fatty acids in the
analyzed yoghurt s increases twice —
CLA, dietary trans fatty acids and omega-
3 fatty acids. The results obtained for the
yoghurt s of different goat breeds refer to
products with a low content of TFA (0.07
to 0.16 g/100 g yoghurt) and high content
of saturated fatty acids (3.17 to 4.50 g/100 g
yoghurt).
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