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PE3IOME
LienTta Ha HacTOSILUMSI HAy4YeH TpyA
e C noaxoawy  BUCOKOMPOTEUHOBM

6pawHa ga ce pa3paboTu HoBa TEXHO-
norms  3a  BUCOKOGENTbYEH X186  TvN
~anabeTnyen" npegHasHavyeH 3a cneuym-
OMYHM 34PpaBOC/IOBHY HYX/W, KaKTo 1 Aa
ce nocTturHat onTUMasiHM napamMmeTpu 3a
nosiyyaBaHeTo My. /3non3BaHu ca pbxe-
HO, TWKBEHO, C/TbHYOrNenoBo 6pallHo,
pbXeHa 3akBacka, cyxa Mas, rorsapcka
CON, Cyx rAyTeH W nuTeiHa Boja. AHanu-
3upaH e PU3NKO-XUMUYHUAT N MUHEPSTHUAT
CbCTaB Ha BUCOKOGENTbYHUSA X/156.

HanpaseHa e npegsaputesiHa Noaro-
TOBKa Ha cyxaTa pbXeHa 3akBacka W Cyxus
rnyTeH, kato ce 3anusar ¢ 30 ml Boga ¢
Temnepatypa 38 °C u ce ocTaBAaT ga ce
pa3TBopAT 3a 10 MUHYTK. PepmeHTauuaTa e
nposefeHa B TepMocTat 3a 20 MUHYTU npu
36 °C, npemecBaHe u thepmeHTaums 3a 30
MUHYTW. OKOHuaTenHaTa pepmeHTauus e
50 MuHyTK. I3nnyaHeTo e nposefeHo 3a 50
MUHYTK npy 200 °C.

M3non3saHa e efHOBPEMEHHO cyxa
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SUMMARY

The purpose of the present
scientific work is to develop high-protein
flour to develop a new technology for
"diabetic" high-protein bread intended for
specific health needs and to achieve
optimal parameters for obtaining it. Rye,
pumpkin, sunflower flour, rye kernel, dry
yeast, salt, dry gluten and water were
used. The physico-chemical and mineral
composition in the bread was analyzed.

Pre-conditioning was done as dry
rye kernel and dry gluten were poured into
30 ml of water at 38 °C and allowed to
dissolve for 10 minutes. The fermentation
is carried out in a thermostat for 20
minutes at 36 °C, mixing and fermentation
for 30 minutes. The final fermentation is
50 minutes. The baking is 50 minutes at
200 °C.

Rye starter based on spontaneous
lactic acid fermentation is used to give
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Mas M pbXeHa 3akBacka, kato e npeams-
BMKaHa CMOHTaHHa MeYHo-kucena dep-
MeHTaums, KOATO fasa CTabuHOCT Ha
npoueca.

Pa3paboTeH e HOB TEXHO/OTUYEH pe-
XXMM C NO-HUCKN (DEPMEHTALMOHHMN 3arybu B
CpaBHeHVe C [0 cera npunaraHuat asyda-
3eH meTog. V3nonssa ce egHoaseH MeTos,
Ha 3amecBaHe.

YAb/KeH € CPOKbT Ha rofAHOCT OT 72
yaca Ha 96 yaca.

OT pbXeHOo 6pallHo ¢ gobaBka TUK-
BEHOTO W C/TbHYOr/1Ie40BOTO GpallHO MOXe
Ja ce nonyynm BUCOKOBENTbYeH XxNa6 Tvn
“onabetnyeH“c MHOro fo6pu xnebonekapHu
cBoiictBa. To3nm xnsa6 e 6e3 MO, KOH-
cepBaHTM W ouseTuTenn. BurcokobenTbu-
HUAT X186 MOXe pfda ce KOHcymupa C
npodounakTMyHa uen n e npegHasHaveH 3a
Xopa cTpajawm OoT AuabeT, CbpAeyHO —
Cb0BU 3a60/159BaHNSA 1 3aT/1acTsABaHe.

KnwouoBu Aymn: BUCOKOGENTbYEH
X6, anaber, CbpLeyHO-CbL0BU
3abonsBaHus

YBO/,

B nmocnegHo Bpeme ce Habnwogasa
TEHAEHLMS Ha 3acwieH WMHTepec KbM Mpo-
M3BOACTBOTO M KOHCYyMaUMSATa Ha pas/iMyHu
BMAOBE XN1A6 C YBENMYEHO ChAbpXaHue Ha
OVETUYHW BJIAKHWHW, KaTO: Mb/IHO3bPHECT
Xna6, xnA6 ¢ Tpuun, xnA6 ¢ HUCKa Kasio-
pviiHa cToiHoCT 1 Ap. Mpou3BOACTBOTO Ha
Tesn MpoaykTu ce pasnunyaBa OT TOBa Ha
0OMKHOBEHNST X186, Tbil KaTo MO-BMCOKOTO
CbAbpXaHue Ha BNakHUHW BOAM [0 yBenu-
yaBaHe abcopbuuaTa Ha Bofa, KOeTo ce
0TpassiBa BbPXy KOHCUCTEHUMATA Ha TecTo-
TO U CbOTBETHO BbPXY KA4ECTBOTO Ha Kpaii-
HVUS NpoOAyKT. BnakHuHUTE ce cbabpxaTt
OCHOBHO B pacTWUTENHUTE KNEeTbYHW MeM-
6paHu. Te ca TpyAHO cMuaemu OT opra-
Hu3ma. Mopagn TaxHarta ronsama HabvbBa-
a Crnoco6HOCT, pacTUTESTHUTE BJIAKHWUHU
mMoraT fa CBbp3BaT r0ONSMO KO/IMYECTBO
BOAA, MPU KOETO 3HAYMTEsSIHO yBesmyaeat
obema cu. ToBa crnomara 3a perynupaHe
KOHCUCTEHLUMSITA Ha MpuemMaHaTa XpaHa B
cToMaxa ¥ OCObGeHO B uepBata W urpae
BaXKHa posis 3a No-6bP30TO U NpeMUHaBaHe
npe3 xpaHocMunaTenHus TpakT. PbXeHoTo
6pallHO MMa npeguMcTBa Mpef MiieHuye-

process stability.

A new technological regime has
been developed with lower fermentation
losses compared to the two-phase
method used so far. A single-phase
mixing method is used.

The shelf life is extended from 72
hours to 96 hours.

High-protein bread type "diabetic"
with very good baking properties can be
obtained from rye flour with the addition of
pumpkin and sunflower meal. This bread
is GMO-free, preservative-free and
without colouring. High protein bread can
be consumed for prophylactic purposes
and is intended for people suffering from
diabetes, cardiovascular disease and
obstruction.

Key words: high-protein bread,
diabetes, cardiovascular disease

INTRODUCTION

Recently, there has been a
tendency for increased interest in the
production and consumption of various
types of bread with increased dietary fibre
content such as whole grain bread, bran
bread, low calorie bread, etc. The
production of these products differs from
that of ordinary bread, as the higher fibre
content leads to an increase in water
absorption, which affects the consistency
of the dough and, consequently, the
quality of the final product. Fibre is mainly
found in plant cell membranes. They are
hardly digestible by the body.

Due to their high swelling capability, plant
fibres can bind a large amount of water,
significantly increasing their volume. This
helps regulate the consistency of food in
the stomach and especially in the
intestine and plays an important role in
the faster passage through the digestive
tract.

Rye flour has advantages over wheat,
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HOTO, 3alloTo € no-60rato Ha MNosesHu 3a
34paBeTo pacTUTESIHW BNIAKHUHU. TO CbAbP-
Xa oT 8+15% npoteuHn, a MasHWHWUTE B
pas/iMyHuTe COpTOBE PBX ca 0Koo 1,6%.
lNlecHoxngponusyemn nonusaxapugn — ca
BOZOPA3TBOPVMY M CbAbPXAT Bblexuapa-
™, Kouto ca noytn 100% ycsosemu 3a
yoBelkuss opraHmsbm (Mihalkova, 2009;
Mihalkova et al., 2013; Mihalkova et al.,
2014). ToBa BK/1H0YBA OCHOBHO HULLECTETO U
pasTBopyMUTE BNAKHWHW. TpyAHOXWAPO/N-
3yemu nonusaxapuam ca NUrHUHUTE, KOUTO
B 3bPHEHUTE CYPOBMHM Ca MHOIO MauiKo. Te
ca HeycBOsSieMW W Hepa3TBOpMMU BbB BOAA
B/IaKHVHWU. BnakHuHWTE Hamansasar Bpeme-
TO Ha MeceHeTo, 3a ToBa e no-gobpe aa ce
Mecu Nno-masiko, OTKONKOTO Aa ce npemecsa
TecToto. BpemeTo 3a depmeHTauns u
TemneparypaTa Tpsa6sa fa ce HamasiAT npu
yBennyaBaHe KO/IMYEeCTBOTO Ha masTa. Ko-
rato ce npovssexpga ¢ MaeHo TecTo, Tpsb-
Ba [a Ce M3Mo0/a3Ba akTMBMpaHe Ha MasTa
npu 3amecBaHe Ha TecToTo. lMpeTerneHoTo
TecTo u obema Ha rotosus xns6 m3nckear
cneunasiHo BHUMaHue. 3arybure npu neye-
HEeTO 3aBUCAT OT BMAA Ha WU3N0N3BaHUTE
BMIAKHWHW 1 XenaHaTta KasopuiHa CTOMHOCT
Ha 0Tps3aHO napye OT Xs6a. YcnosusaTa
Ha neyeHe (Bpeme n Temnepartypa) Tpsabsa
Ja ce ontymu3npaTr 3a xn86 C  BUCOKO
CbAbpXaHue Ha BflakHUHW, 3a Aa ce Nony4m
HOpMa/nHO nokadpeHsiBaHe Ha Kopata Ha
xns6a n ga ce m3berHe msanuwHarta 3aryba
Ha Bnara. Mo-A4bAroTo Bpeme Ha neveHe u
no-HUCKUTE TeMnepaTypu moraT Aa gosejat
0O V3/IMIWIHO nokadheHsiBaHe Ha KopaTa.
HapsssaHeTo e npo6nemM nopaay cbabpxa-
HMETO Ha Bfara M CTpyKTyparta Ha cpegu-
HaTta. Mpon3BOACTBOTO Ha X186 3a cneuu-
OMYHM 34paBOC/IOBHU HYXAWM 3aema rofisam
Asin 0T 06LWoTo npom3BoAacTBo (Genadiev et
al., 1968; Atanasova and Popova, 1977;
Vangelov, 1999; Karadjov et al., 2007). Toea
€ Xx/156, KOTO OCBEH HOpMasiHaTa cu xpa-
HUTeNHa CTOMHOCT, ybeauTeNHO MNokasBsa,
Yye MMa 34paBoCc/ioBeH edieKkT BbpXy efHa
unn  noseyve PYHKUMM Ha oOpraHu3ma.
ColuecTByBa Apyra ronsma rpyna ot xopa,
KOATO KOHCymMupa X516 C HWUCKO CbAbp-
XaHue Ha Bbraexugparu. Ha guabetuuute
ce npenopbyBa X516 C MNOBULLIEHO CbAbP-
XaHne Ha B/IaKHUHW U HUCKO CbAbpXaHve
Ha JIecHO ycBOsieMW BbriexugpaTu, 06uk-

because it is more rich in plant health. It
contains 8 + 15% of the protein, and the
fat in the different types of rye is about
1.6%. Easily hydrolyzable poly-saccharides
are water-soluble and contain carbohydrates
that are almost 100% digestible to the
human body (Mihalkova, 2009; Mihalkova
et al., 2013; Mihalkova et al., 2014). This
includes mainly starch and soluble fibre.
Hardly hydrolyzable polysaccharides are
lignins that are very small in the grain.
They are unavoidable and water-insoluble
fibres. Fibres reduce the mating time, so it
is better to knead less than to mix the
dough. Fermentation time and temperature
should be reduced when increasing the
amount of yeast. When produced with yeast
dough, yeast activation should be used
when the dough is blended. Fermentation
time and temperature should be reduced
when increasing the amount of yeast. When
produced with yeast dough, yeast activation
should be used when the dough is
blended. Weighted dough and the volume
of ready-made bread require special
attention. Losses in baking depend on the
type of fibre used and the desired calorific
value of the cut piece of bread. The
baking conditions (time and temperature)
should be optimized for high fibre loaves
in order to achieve normal browning of the
bread crust and to avoid excessive
moisture loss. Longer baking times and
lower temperatures may result in
unnecessary browning of the bark. Cutting
is a problem due to the moisture content
and the structure of the medium. Bread

production for specific health needs
accounts for a large share of total
production (Genadiev et al., 1968;

Atanasova and Popova, 1977; Vangelov,
1999; Karadjov et al., 2007). This is bread
that, apart from its normal nutritional
value, convincingly shows that it has a
healthy effect on one or more functions of
the body. There is another large group of
people who consume low-carb bread.
Diabetics are recommended for bread
with increased fibre content and low
content of easily digestible carbohydrates,
usually so-called black bread — whole
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HOBEHHO Taka HapeuyeHus uyepeH xnsa6 —
Mb/IHO3BPHECT MNLUEHNYEH, PBXEHO-NLWEeHN-
YeH Y MHOro3bpHECT x/186. BbB (hopmynute
Ha TO3M BMA X186 4YecTo ce uM3non3ear
nofo6puTenn Kato 3axap M eH3MMWU, KOUTO
pasrpaxgaT 4yacT OT Bbrexugparute Ao
3axapu WM BCBLIHOCT MPU KOHCymauusa Ha
TO3M xNs6 ce noBullaBa KpbBHaTa 3axap
(Stambolova et al., 1978; Sandev, 1979).
MoaxonbT KbM ThPCEHE Ha HaW-ycnelwuHuTe
dopmynin 3a TO3n XxNsa6 Tpabea ga 6bAe
ypes noBuULIABAHE CbAbPXaAHWETO Ha
rnyTeHa fa ce Hamasssa BbrnexugparHara
yacT. 3a ga ce rapaHTupa npov3BOACTBOTO
Ha 3[4paBOC/IOBEH X196 C BUCOKO CbAbp-
XaHue Ha BnakHuHW u 6e3 mM3nonsBaHe Ha
W3KYCTBEHW MoAo6puTENn MOXe pa ce
M3non3Ba TexHosorusATa 3a NpuroTBsHe Ha
XN56 ¢ MnevyHokucenu 3aksacku. MNpon3soga-
CTBOTO Ha X186 ¢ (pyHKLUMOHaIHKM A06aBKu,
Kato pa3TBOPVMMU U HEpPa3TBOPUMU BJIAKHW-
HW, [/TyTEH, MYHEPa/IM U BUTAMUHU MOXE Aa
urpae nosioKMTesIHa PO BbPXY 34paBeTo
Ha MacoBVs KOHCYMaTop, ako Te3un XxpaHu ca
npousBefeHn ¢ Heob6XoAMMOTO KavyecTBO U
Ha AO0CTbMHA LeHa. 3a Npou3BOACTBOTO Ha
Taka HapeyeHus yepeH xNnsa6 ce m3nonssar
Mb/IHO3bLPHECTU  MWEHWYEHUN U PBXEHU
6paluHa ¢ gobaBka Ha KOPEKTOPW, KaTo eH-
3UMW MU APYTN U3KYCTBEHW MOA06pUTENN.
Y Hac B MUHa/I0TO € Mpou3BexaaH AveTu-
yeH X186 "TyHmKa", B KOMNTO ca BraraHu
OBECEHWN 0K U 0BeceHo 6pawHo (Belitz
and Crosch, 1991; Antonova and Mangova,
2003; Hadjikinova et al., 2007). To3u Tun
XNa6 e npepHasHadyeH 3a guabetuum u e
oborateH Ha 6eNTbYMHU N MUHepann. Hay-
KaTa 3a xpaHuTe MOxe Aa npefocTaBu Tex-
HOJIOTUYHN peLUeHns 3a 34pPaBOC/IOBHU U
(QYHKLUMOHANHN XpaHW, KOUTO NpU NPOAbI-
XutenHa ynoTtpeba umart 6naronpusATHO
B/IMSIHAE BbPXY YOBELLKUS OpraHu3bM, CTU-
My/iMpart MMyHHaTa cuctema U UrpasT npe-
BaHTVMBHa poNs cpelly HesapasHute 3abo0-
nasaHusa.  EnnaemMmonornyHn  npoyysaHus
OT nocfiefHUTe roAUHN ca NoKasann 3amT-
HaTta posiA Ha Nb/IHO3bPHECTUTE XPaHU Mpu
HAKOM 3ab0NsiBaHMS Ha CbBPEMEHHUTE
obulecTBa, kaTto guabert Tvn 2, CbpLeyHo-
CbOOBU 3abonsBaHWA U HAKOUM BUA0BE
KapueHomM,

wheat, rye-wheat and multi-grain bread
(Stambolova et al., 1978; Sandev, 1979).
Brewer's formulas often use improvers
such as sugar and enzymes that
decompose some of the carbohydrates to
sugars, and in fact consumption of this
bread increases blood sugar. The
approach to looking for the most
successful formula for this bread should
be by increasing the gluten content to
reduce the carbohydrate moiety. In order
to ensure the production of healthy high-
fibre bread and without the use of artificial

improvers, the technology for making
bread with lactic acid starters can be
used.

The production of bread with functional
additives such as soluble and insoluble
fibre, gluten, minerals and vitamins can
play a positive role in the health of the
mass consumer if these foods are
produced in the required quality and at an
affordable price. For the production of so-
called black bread, whole wheat and rye
flours are used with the addition of
correctors, such as enzymes or other
artificial improvers.

In our past, we have produced dietary
bread "Tundzha", in which oatmeal and
oatmeal have been added (Belitz et al.,
1991; Antonova and Mangova, 2003;
Hadjikinova et al., 2007). This type of
bread is for diabetics and is enriched with
protein and minerals. Food science can
provide technological solutions for healthy
and functional foods that, over extended
use, have a beneficial effect on the
human body, stimulate the immune
system and play a preventive role against
non-communicable diseases.

Epidemiological studies of recent
years have shown the protective role of
whole grains in certain diseases of
modern societies, such as type 2
diabetes, cardiovascular diseases and
certain types of carcinomas.
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MATEPNANN N METOAN

1. CypoBUHM N MaTepuasin: pPbXeHOo
bpallHo, roTBapcka cosn, nuTeliHa BoAa,
cyxa Masl, cyxa pbXeHa 3akBacka, Cyx
TyTEH.

2. [obaBku: BUCOKOMPOTEUHOBU
6paluHa (TUKBEHO 1 CNbHYOINen0B0).

3. OnpegenaHe Ha nenesiHO
cbAbpxaHue Ha xns6a — bAC 1SO 2171:
1999.

4. Npo6HO NnabopaTopHO M3nNnyaHe —
eflHoO(ha3eH MeTo[, Ha 3amMecBaHe Ha
Tectoto (Karadzhov, 2007).

5. OnpegensiHe Ha obema u LBeTa
Ha xna6a - MeTod, onucaH oT
Haralampiev (1970).

6. OnpegensiHe Ha CbAbpPXaHUETO
Ha npoTeMH B Xxnas6a — no Kengan
(Nx6,25).

7. OnpegensiHe Ha CbAbpXXaHNETO
Ha Ma3HuWHU B XN1si6a — Genadiev (1968).

8.0npegensHe Ha MUKPO — U
MakpoenemeHTn B xns6a C nomolia Ha
cnekTpocpotomeTpua AES-ICP "Varian -
Liberty II".

9. OnpepensHe Ha B/akHWHU B
xnso6a — BAC ISO 5498: 1999.

PE3YJITATU N OBCBXXOAHE
Mpo6Ho nabopaTtopHo M3nNuyaHe Ha
BMCOKOBGENTbYEH X196 OT pbXeHo bpalu-
HO, pbXeHa 3akBacka, cyxa Mas U Cyx
rNyTeH n 406aBKkyM Ha TUKBEHO W C/bHYO-
rnefoBo 6pallHo

PeuenTtypeH cbCTaB Ha TECTOTO

MATERIALS AND METHODS

1. Raw materials: rye flour, salt,
water, dry yeast, dry rye starter, dry
gluten.

2. Additives: high-protein flours
(pumpkin and sunflower).

3. Determination of ash content of
flour and ready-made bread — BDS 1SO
2171: 1999.

4. Laboratory baking — one-phase
method of involvement (Karadzhov,
2007).

5. Determination of bread volume
and colour — method described by
Haralampiev (1970).

6. Determination of Protein in Flour
and Prepared Bread — Keldahl Method
(Nx6,25).

7. Determination of fat in flour and
ready-made bread —Genadiev (1968).

8. Determination of the macro and
microelements of atomic emission
spectrometer — AES-ICP "Varian - Liberty
.

9. Determination of fibres in flour and
ready-made bread — BDS ISO 5498: 1999.

RESULTS AND DISCUSSION
Trial laboratory roasting of high
protein bread made of rye flour, rye
kernel, dry yeast and dry gluten, and
additives of pumpkin and sunflower flour

Dough composition of the dough

KonTpona / Control

OCHOBHM N AONB/THUTETHU CYPOBUHU
basic and additional raw materials

CTPYKTypoobpasysalin enemMmeHTu
structuring elements

pbxeHo 6pawHo / rye flour — 150,0 g
con/salt— 3,09
cyxa mas / dry yeast-3,0 g

pbXeHa 3aksBacka / rye starter — 6,0 g
cyx rnyten / dry gluten —2,0 g
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Mpo6a / Sample 1

OCHOBHM N OONMB/THUTETHU CYPOBUHU
basic and additional raw materials

CTPYKTypoobpasyBalin enemMmeHTu
structuring elements

pbxeHo 6pawHo / rye flour — 110,0 g
TukBeHo 6paiuro / pumpkin flour — 40,0 g
con/salt— 3,09

cyxa mas / dry yeast—3,0 g

pbXeHa 3aksBacka / rye starter — 6,0 g
cyx rnyteH / dry gluten - 2,0 g

MNpo6a / Sample 2

OCHOBHM N OONB/THUTETHU CYPOBUHU
basic and additional raw materials

CTPYKTypOoO6pasyBaLlin efeMeHTn
structuring elements

pbxeHo 6pawHo / rye flour — 120,0 g

cnbHYornenoso 6pawHo / sunflower flour — 30,0 g

con/salt-3,0g
cyxa mas / dry yeast — 3,0 g

pbXeHa 3akBacka / rye starter — 6,0 g
cyx rnyteH / dry gluten —2,0 g

TexHosiornyHa noaroToBka

HanpaseHa e npegsaputesiHa nog-
roToBKa Ha Cyxusi rflyTEH U pbXeHaTa 3a-
KBacka kaTo ce 3anmBat ¢ 30 ml Boga c Te-
mMrepatypa 38 °C, npectoasar 10 MUHYTU
3a ja xugpatvpar. 3amecBa ce TecTo OT
bpawHaTa M oOcCTaHanuTe KOMMOHEHTU C
Temneparypa Ha sBogaTta 38 °C.

Xapaktepuctuka Ha TecTaTa
cnep 3amMecBaHe

KOHTPO/la — PBbXEHO 6GpaLllHo,
pbXeHa 3akBacka, cyxa mas

nenyu, Meko, ByxHasio  TecTo,
CBET/I06GEXO0B LBAT

npo6a 1 — pPBXEHO W TUKBEHO

6pallHo, pbXeHa 3akBacka, cyxa mas
nenu, go6pe pasBuTO, 3e/IEHNKAB
uBAT
npoba 2 — PbXEHO N C/AbHYOrNe-
[l0BO GpallHO, pbXeHa 3aKBacka, cyxa Mas
HOpMa/lHa  KOHCUCTEeHUMs,  Mo-
MaUsiko nenu oT npoba 1, nobpe pas3suTo,
61e406eX0B UBAT

Ha ®urypa 1 e nokasaH BbHLUHUA
BWL Ha 3ameceHuTe TecTa. PepmeH-
TauusTa e nposegeHa 3a 20 MUHYTU Npu
36 °C, npemecBaHe 1 hepMeHTauusa 3a
owe 30 muHyTM. OKOHuaTenHata dep-
MeHTaumsa e 80 muHytu. Ha Purypa 2 e
rnokasaH BbHLIHUA BUA, a Ha Purypa 3 e
nokasaH paspesa Ha xns6a.

Technological preparation

Pre-preparation of dry gluten and
rye starter was made by pouring with 30
ml of water at 38 ° C, staying 10 minutes
to hydrate. Mix dough from flour and
other ingredients with a  water
temperature of 38 °C.

Characteristics of the test after
blending

control — rye flour, rye yeast, dry
yeast

glue, soft, puffy dough, light beige
colour

sample 1 — rye and pumpkin flour,
rye starter, dry yeast

glue, well developed, greenish
colour

sample 2 — rye and sunflower flour,
rye starter, dry yeast

normal consistency, less glue than
sample 1, well developed, pale beige
colour
On Figure 1. is appearance of the kneaded
dough. The fermentation was carried out
for 20 minutes at 36 °C, stirring and
fermentation for another 30 minutes. The
final fermentation is 80 minutes. On
Figure 2 is shown appearance of the bread
and on Figure 3 is shownsection of the
bread.
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dur. 1. BbHLWeEH BUA Ha 3aMeceHuTe TecTa OT NISIBO Ha AACHO: KOHTPO/1a, Npobu 1un 2
Fig. 1. Appearance of the kneaded dough left to right: control,samplel and sample 2

dur. 2. BbHLEH BUA Ha xn1s6a

OT /IABO Ha ASCHO: KOHTPOa, Nnpo6u 1 n 2
Fig. 2. Appearance of the bread left to
right: control,samplel and sample 2

dwur. 3. Pa3pes Ha xis6a

OT NIBO Ha ASACHO: KOHTpona, Npo6u 1 n 2
Fig. 3. Section of the bread left to right:
control,samplel and sample 2

Ha Ta6bnuua 1 e nokasaHa Bnarata
Ha KoHTponara u npobute 1 n 2, KOUTO
Bapupat ot 45,70% pno 47,54 %, c Hai-
ronsima maca e npoba 2 (259,4 g), obema
Ha npoba 2 e Hail-Hucbk 390 cm®, a
o6ema Ha npo6a 1 e Hait-Brcok 500 cm?.

Table 1 shows the moisture of
control and samples 1 and 2 ranging from
45.70% to 47.54%, with the largest sample
being sample 2 (259.4 g), the volume of
sample 2 being the highest, low 390 cm?®,
and sample volume 1 is at most 500 cm?.

Tabnuua 1. KauecTBeHa oueHKa Ha BUCOKOGENTBbYHUA X156
Table 1. Qualitative assessment of high-protein bread

BucokobentbueH Maca Ob6em L H W Bnara C.B.
XNns6 Mass Volume mm mm mm Moisture Total solids
High-protein bread g cm® % %
KoHTtpona / Control 248,4 410 123 50 82 47,54 52,46
Mpoba / Sample 1 253,5 500 126 52 82 46,72 53,28
Mpo6a / Sample 2 259,4 390 122 53 82 45,70 54,30
Ha Tabnuua 2 e nokasaH n3nKo- Table 2 shows the physico-
XUMUYHaTa XapakTepucTuka Ha xnsiba. | chemical characteristics of the bread.

Mo OTHOLLEHME Ha KMCENIMHHOCTTA C Hai-
BMCOKO CbAbpXaHue e npoba 1 (6,1 -H),
a C Hali-HUCKO CbAbpXaHue e npoba 2
(5,9 -H). Hsama cbuecTBeHa pasnmka
Mexay pasnuyHuTte npobu. Mo oTHoLwe-
H/e Ha Bnarata C Hali-BUCOKO CbAbp-

Concerning the acidity with the highest
content is sample 1 (6,1 °H), and with the
lowest content sample 2 (5,9 °H). There
is no significant difference between the
different samples. The highest level of
moisture is the control (47.54%), and the
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XaHue e KoHTponaTta (47,54%), a ¢ Hali-
HUCKO CbAbpXaHue e npoba 2 (45,70%).
Mo OTHOLWEHWe Ha NpoTeuHuTe C Hawi-
BMCOKO CbAbpxaHue e npoba 1 c yuac-
TVe Ha TMKBEHO OGpawHo (9,43%), pec-
MEKTUBHO C Hal-HUCKO CbAbpXaHue e
KOHTponata 6e3 go6aBeHU BUCOKOMPO-
TemHoBM 6pattHa (5,95%), koeto e ¢ 3,48
% no-masiko. Mo OTHOLWEHMEe Ha Mas3Hu-
HWTE C Hal-BMCOKO CbAbpXaHue e npoba
1 (6,89%), a C Hali-HNCKO CbAbPXaHNe e
KoHTponata (0,66%), koeTo € 10 NbTU
rnoseye Mnpu B/laraHeTO Ha BUCOKOMPO-
TenHoBM OpailHa. o OTHOLEeHWe Ha
B/TAKHUHUTE C Hall-BNCOKO CbAbpXaHne e
npoba 2 ¢ y4yacTueTo Ha C/TbHYOr/1e0B0-
TO OpawHo (6,84%), a C Hal-HUCKO
CbAbpxaHne e npoba 1 c yyacTneTo Ha
TUKBEHOTO 6paluHo (4,33%), koeTo e 2,5
MbTM NO- Manko. o OTHOWeHWe Ha
nenesiHOTO CbAbpXaHWe C Hain-BUCOKO
CcbabpxaHue e npoba 2 (1,92%), a ¢ Haii-
HUCKO cbabpXaHue e npoba 1 (1,16%).
Hama cbluecTBeHa pasnuka Mexgy pas-
NMyHuTe nNpobu. Mo OTHOWEHWe Ha Bb-
rnexmaparute ¢ Hain-B1CoKO ChAbpxaHvne
e KoHTponaTa (39,96%), a ¢ Hali-HUCKO
cbabpxaHne e npoba 1 (32,07%). Mpwn
B/laraHeTo Ha C/TbHYOINefoBOTO U TUK-
BEHOTO OpallHO BbraexugparHaTa KoMm-
NoHeHTa HamasisiBa.

lowest content is sample 2 (45.70%).

For protein with the highest content is
sample 1 with participation of pumpkin
flour (9,43%), respectively with the lowest
content is the control without added high
protein flour (5,95%), which is 3,48%
less.

For fat with the highest content, sample 1
(6.89%) and the lowest content is the
control (0.66%), which is 10 times higher
when high-protein flour is added.

For fibre with the highest content is
sample 2 with sunflower meal (6,84%),
and the lowest content is sample 1 with
the participation of the pumpkin flour
(4,33%), which is 2,5 times less. As for
ash content with the highest content is
sample 2 (1,92%) and with the lowest
content is sample 1 (1,16%). There is no
significant  difference  between the
different samples.

The highest percentage of carbohydrates
is the control (39.96%), and the lowest
content is sample 1 (32.07%). With the
addition of sunflower and pumpkin flour,
the carbohydrate component decreases.

Tabnuua 2. PU3NKO-XMMUYHA XapaKTepuCTMKa Ha BUCOKOBENTbYHNSA X156
Table 2. Physico-chemical characteristics of high-protein bread

Bucoko BEB
KucenuHHoct Bnara MpoTtenHn Ma3zHu1HK BnakHuHn Menen
6entTbyeH o g f ) Carbo-
Acidity Moisture Proteins Fat Fibres Ash
xns6 H o % o o o hydrates
High-protein 0 ? ° ° 0 %
bread (xtsd) (xtsd) (x£sd) (xtsd) (xtsd) (xtsd)
KonTpona / Control 6,0+£0,01 47,54+0,02 5,95+0,02 0,66+0,01 4,72+0,01 1,17+0,01 39,96
Mpo6a / Sample 1 6,1+0,01 46,72+0,02 9,43+0,02 6,89+0,01 4,33+0,01 1,16+0,01 32,07
Mpo6a / Sample 2 5,9+0,01 45,70+0,02 7,10+0,02 6,10+0,01 6,84+0,01 1,92+0,01 32,34

Ha Ta6bnuua 3 e oTpaseHa eHep-
rmiiHaTa CTOMHOCT, KOATO Bapupa oT 204
kcal/100g npoaykt po 357 kcal/100g
NPoAYKT, KaTo Mpu KOHTposata e Hai-
HWUCKa, a pecrnekTuBHO npu npoba 1 c
yyacTMeTo Ha TMKBEHOTO 6pallHO Hapac-
TBa 621130 2 MbTU.

Table 3 reflects an energy value
ranging from 204 kcal/100g of product to
357 kcal/100g of product, with the control
being the lowest and, respectively, of
sample 1 with the participation of the
pumpkin flour increased about 2 times.
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Tabnnuya 3. EHepruiiHa CTOMHOCT Ha BUCOKOGenTbuHUA xna6 (kcal/100 g npoayKT)
Table 3. Energy value of high-protein bread (kcal/100 g product)

BucokobentbueH xns6
High-protein bread

EHepruiiHa cToiiHoCT
Energy value

kcal/100 g npoaykT / product

KoHTpona / Control
Mpob6a / Sample 1
Mpo6a / Sample 2

204
357
282

Ha Tabnuua 4 e nokasaHo CbAbpxa-
HMETO Ha Makpo- U MUKPOENEMEHTU B XNs-
6a (mg/kg opurnHanHa cyéctaHums). Haii-
BMCOKO CbabpxXaHne Ha Ca e ycTaHOBEH B
npo6a 1(960 mg/kg OC).

MpeunsuncneHune Ha Na B xis6a:
Na — 3,877 g/1000g OC (npoba 1)
Na — 0,3877 g/100g OC (0,18 %)
NaCl -0,3877 x 2,56=0,99 g/100g OC
(0,99 %)

JonyctumaTta KOHUEHTpauua Ha
rotTBapcka con B xnsiba e go 1,2%.

Table 4 shows the content of
macro and trace elements in the bread
(mg/kg of original substance). The
highest Ca content was found in sample
1 (960 mg/kg OS).

Recalculating Na in the bread:

Na — 3,877 g/1000 g OS (sample 1)

Na — 0.3877 g/100 g OS (0.18%)

NaCl — 0,3877 x 2.56 = 0.99 g/100g OS
(0.99%)

Acceptable salt
bread is <1.2%.

concentration in

Ta6r||/|u,a 4, C'b,q'bp)KaHVIe Ha MaKpo- N MUKPOEJIEMEHTU BbB BNCOKOOENTbYHMNA

X196

Table 4. Content of macro- and trace elements in high-protein bread

BucokobenTtbyeH MakpoenemeHTun, mg/ kg OC MukpoenemeHTn, mg/ kg OC
XNns6 Macroelements, mg/kg Trace elements, mg/kg
High-protein cCa K Mg Na B Cu Fe Mn 2n
bread
KoHTpona / Control 267 3181 954 381 1,0 2,7 163 372 2472
Mpoba / Sample 1 960 4777 1959 388 1,1 52 33,8 44,3 48,6
Mpo6a / Sample 2 32 3996 1196 388 1,0 6,0 22,7 380 400
n3BO4n CONCLUSIONS
Pesyntatute  oT  npoBefeHuTe The results of the conducted

n3cnefBaHuUA W HayyHU eKCnepuMeHTw,
[Jasart OCHOBaHue 3a cnefHUTe N3BoAMn:

1. N3nons3BaH e egHOa3HUAT MeTos,
Ha 3amMecBaHe Ha TecTarta, 3a pasnuka oT
TPaAMLNOHHUAT ABYdaseH n MHorogaseH.

2. N3non3BaHu ca cyxa Mas u pbxe-
Ha 3aKBacka, KOeTO e CMOoHTaHHa MJ/IeYHO —
Kucena pepmeHTauMs 3a nocturaHe Ha
efpa LWynameocT U fobpa MOpPbLO3HOCT Ha
cpeguHaTa Ha rotoBust X156, KakTo U gasa
CMOHTaHHOCT Ha npoueca.

3. HamaneHo e BpemMeTO 3a OKOH-
yartesiHa pepMeHTaums Ha 50 MUHYTH.

4. BpemeTo 3a wu3nuyaHe e
HamaneHo Ha 50 MUHYTK.

research and scientific experiments give
grounds for the following conclusions:

1. The one-phase method of
interfering with the test is used, unlike the
traditional two-phase and polyphase.

2. Dry yeast and rye starter have
been used, which is a spontaneous lactic
acid fermentation to achieve a large
porosity and good porosity of the medium
of the ready-made bread, as well as
spontaneity of the process.

3. Reduce the final fermentation time
to 50 minutes.

4. Time for bake is reduced to 50
minutes.
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PE3IOME

LlenTa Ha HacTosLLeTO u3cneasaHe e
Ja ce aHanm3upa un wuscnegsa OuU3nKo-
XAMUYHMA U MUHEpasiHUA  CbCTaB  Ha
PBXEHOTO M BUCOKOMPOTEMHOBM bGpallHa —
TMKBEHO W CNAbHYOrNefoBo. Bnarata npu
Te3un 6palwHa Bapupa ot 4,04% po 10,50 %,
Kato Hali-HUCKa € npu CAbHYO0r1eLoBOTO
6pallHO, a pecnekTVBHO Haii-BUCOKa € npu
pbXeHOoTo 6pallHo. enenHoTo cbhabpXka-
HVe Ha wuscnegaHuTe OpawHa e ¢ Haii-
BMCOKA KOHLUEHTpauus npu  TUKBEHOTO
6pawHo 3,93%, a Hai-H1CKa NP PBXEHOTO
1,00 %. lNo OTHOLWEHWe Ha MPOTEMHOBOTO
CbAbpXaHne PbXeHoTOo 6pallHO e C Haii-
HUCKa KOHUeHTpaumsa 8,75%, a TUKBEHOTO C
Hali-BuCOKa KOHueHTpaumsa 35,40%. Tlo
OTHOLUEHNE Ha Ma3HWHUTE C Hal-HUCKO
CbAbpXaHue e pbXeHoTo 6pawHo 1,25 %,
a C Hali-BUCOKO CbAbpXaHue e C/bHYO-
rnegoBoTo 6paluHo 51,40%.

TWUKBEHOTO M C/TbHYOr/1I€40BOTO
6pallHO ca C BWCOKO CbAbpXaHue Ha
NPOTEMHN W Ma3HWHWU. [0 OTHOLWEHMe Ha
MUHepasHMa CcbCTaB Te3u OpawHa ca
6enHun Ha Ca, K, Zn, Mg, Mn u Na.

MocTurHaTuTe TEXHOMOMMYHU Xapak-
TEPUCTUKM TN OnpedensaT KaTo BUCOKOeHep-

Accepted: 07.08.2018

Published: 20.08.2018

SUMMARY

The objective of this study was to
analyze and investigate the chemical and
mineral composition of rye and high-
protein flour — pumpkin and sunflower.
The moisture content of these flours
ranges from 4,04% to 10,50%, the lowest
in sunflower flour and the highest in rye
flour respectively. The ash content of the
tested flours has the highest
concentration in the pumpkin flour of
3.93% and the lowest in the rye 1,00 %.
With regard to protein content, rye flour
has the lowest concentration of 8,75 %
and the pumpkin with the highest
concentration 35,40%. For the fats with
the lowest content, rye flour is 1.25 % and
the highest content is sunflower flour is
51.40%.

Pumpkin and sunflower flours are
high in protein and fat. With regard to the
mineral composition, these flours are poor
in Ca, K, Zn, Mg, Mn and Na.

Achieved technological features
define them as highly energy-efficient and
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TMAHKM 1 T NpaBu NOAXOAALM 3a MNPUroT-
BSHE Ha X146 U X1e6HN U3aenus, KouTo ga
Ce KOHCyMMpaT KakTo C npodhuiakTuyHa
Lien, Taka v npu xopa cTpagallu oT avaber,
CbPLAEYHO-CHA0BM 1 ApYrU 3a60NsIBAHNS.
KntouoBu gymun: 6pallHo, PbXeEHO,
TUKBEHO, CTbHYOIN1eA0BO, 601ECTU

YBO/,

PbXxeHoTO 6pallHo uma npegMmMcrasa
npeg, nieHn4yeHoTo, 3ao0To e no-6oraTo Ha
nonesHu 3a 34paBeTo pacTUTENHWU BNakHW-
HW. To cbabpxa oT 8+15% npoTenHn, a
Ma3HUHWUTE B pas/IM4YHUTE COPTOBE PbX Ca
okosio 1,6%. JlecHoxuaponusyemu nonusa-
Xapugu ca BOLOPa3TBOPVMU U CbObpXaT
BbraexugpartM, kouto ca noytm 100%
yCBOSIEMM 3a 4YOBELUKUS OpraHu3bM. ToBa
BK/1H04BA OCHOBHO HULLECTETO W Pa3TBOPU-
MUTE BAAKHWHW. TPyaHOXMAPOAU3yeMMn Mo-
nM3axapvgmn ca JIMTHUHUTE, KOUTO B 3bpHe-
HWUTE CYpOBMHM ca MHOro Masiko (Vangelov,
1976; Atanasova and Popova, 1977;
Vangelov, 1989). Te ca HeycBosieMu U He-
pasTBOpPYMY BbLB BOAA BakHWUHW. BnakHu-
HWTe HamansBaT BPEMETO Ha MeCeHeTo, 3a
TOoBa e no-gobpe Aa ce Mecu No-masko, oT-
KOJIKOTO Aa ce npemecBa TecToto. CnbHYO-
rnefoButTe cemky ca 6oraT M3TOYHUK Ha
ButamMuH E, B n D. KonnyectsoTo Ha C/ibH-
YeBUAT BUTAMUH € MHOro rnoBeye, OTKOJIKO-
TO B YepHus gpob Ha puba Tpecka, KOATo ce
e cuuTa 3a efuH OT Hai-6oratuTe M3TOY-
HUUM Ha ButammH D. OcBeH TOBa cpep
MUHepanuTe e Hai-3HauMTesIHO Kosmuec-
TBOTO Ha ¢pocchop M Kanuid, HO CbLLO Taka
ca 6oratMm Ha CefeH, MarHesun, LMHK,
HaTpuii, cuNMuWii, Xpom, Med, Konbat wu
nopu xenas3o. CnbHYOrNeaoBUTe CEMKA C-
bABbPXAT MHOrO He3amMeHVMU aMUHOKMCe-
JIHU, KOUTO OCurypsiBaT HOpMasieH o6MeH
Ha MasHWHM B OpraHusma u nognomarar
paboTata Ha CbpAevHO-CbAoBaTa cUCTEMA,
KakKTO M Ha XJ/e3nTe C BbTPELUHa Cekpeuus.
CnbHUYOrnefoBuTe CeMKM ca  OT/InyHa
3aKycka 3a Te3u OT Bac, KOMTO cTpajaT OT
WHCYNNHOBA Pe3NCTEHTHOCT M anabet tun 1
n 2 (Genadiev et al., 1968; Vangelov, 1999;
Karadzhov et al., 2007). Cnep oT/MyHUTE
UM CBOiiCTBA € W YMEeHWeTo uM fja
noaabpxaT cTabuHM HMBATa Ha KpbBHaTa
3axap. TUKBEHUTE CEMKU ca U3K/IHYUTESTHO

make them suitable for bread and bakery
products to be eaten both for prophylactic
purposes and for people suffering from
diabetes, cardiovascular and other
diseases.

Key words: flour, rye, pumpkin,
sunflower, diseases

INTRODUCTION

Rye flour has advantages over
wheat, because it is richer in plant health.
It contains 8 + 15% of the protein, and the
fat in the different types of rye is about
1.6%. Easily hydrolyzable poly-
saccharides are water-soluble and contain
carbohydrates that are almost 100%
digestible to the human body. This
includes mainly starch and soluble fibre.
Hardly hydrolyzable polysaccharides are
lignins that are very small in the grain
(Vangelov, 1976; Atanasova and Popova,
1977; Vangelov, 1989). They are
unavoidable and water-insoluble fibres.
Fibres reduce the mating time, so it is
better to knead less than to mix the
dough.

Sunflower seeds are a rich source of
vitamin E, B and D. The amount of sun
vitamin is much more than in the liver of
fish fever, which is considered one of the
richest sources of vitamin D. In addition,
minerals have the most significant amount
of phosphorus and potassium but are also
rich in selenium, magnesium, zinc,
sodium, silicon, chromium, copper, cupola
and even iron. Sunflower seeds contain
many essential amino acids that provide
normal body fat metabolism and support
cardiovascular and gut function.

Sunflower seeds are an excellent
breakfast for those of you who suffer from
insulin resistance and type 1 and 2
(Genadiev et al., 1968; Vangelov, 1999;
Karadzhov et al., 2007).

After their excellent properties is their
ability to maintain stable blood sugar
levels. Pumpkin seeds are extremely rich
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6oraTm Ha BWUTAMWHW, aAHTUOKCUMAAHTU W
MUHEepanu, a BUCOKaTa KOHLUEHTpauus Ha
6e3ueHHUTe ¥ He3aMeHVMU aMWHOKUCENN-
HY, KaKBUTO OMpeAesieHo ca rayTamarbT U
TpunTodhaHa, NpeBpbLLAT CEMKUTE B 3a4b/1-
XUTENEH KOMMOHEHT OT CEeAMUYHOTO HU
30paBOC/NOBHO MeHI0. TUKBEHUTE CEMKM ca
6e3CMOpPHO BKYCHU W HUCKOKAJIOPUYHU — ABE
0CO6eHOCTHN, KOUTO Hagann e Bu ybarHart
npu cnejBaHeTO Ha [fafeH XpaHuTesneH
pexum. Mma MHOro pokasatencrsa, ue
TUKBEHWUTE CEMKM ca OT rofsma nonsa 3a
neyeHve Ha anabeT. ToBa cTaBa SICHO cnep,
uscriefBaHusl BbpXy XMBOTHU. Mopaan Tasu
npuunHa ce cuuTa, 4Ye u3cneaBaHusTa B
Tasn obnact ca npegsaputenHn (Radoev,
1962; Sandev, 1979). HamansasaHe Ha OKCK-
JaTVBHUSI CTpec wurpae Kiw4yoBa poss B
MHOrO NMpOyYBaHWUs, KOUTO NokKasBaT Monsu-
Te OT TUKBEHU CEMKU 3a XMBOTHM C AnabeT.
N3cnepsaHuaTa ca  dhokycupaHu BbpXY
JIUTHaHW, KOUTO MMAaT [O/ISIM aHTMOKCUAAH-
TEH U aHTu-ecTporeHeH ecdekT. ToBa Haii-
Beue MOXe Aa BM npegnasvd 0T pak Ha
rbpJaTa npu XeHuTe 1 pak Ha npoctara npu
MbxeTe. Te3n 3abonsiBaHWs ca MNosyumnn
roiiMo BHMMaHWe B CBeTa Ha Hay4yHuTe n3-
cnefBaHusl BbB Bpb3Ka C NpUEMA Ha TUK-
BEHO ceme 1 e [oKa3aHo, Ye CbAbpKaHNeTo
Ha NIrHaHU € MHOTO NOJIE3HO NPOTMB paka.

MATEPWNAN N METO4WA

1. BpallHa: pbXeHo, TUKBEHO U
CbHYOrNe[0Bo.

2. OnpepensHe nenesHoTo
CbAbpXaHne Ha bpawHata — BAC ISO
2171:1999.

3. OnpegensaHe Ha npoTtevHuUTe
B OpawHaTta — metof Ha Kengan (N X
6,25).

4. OnpegensHe Ha Ma3HUHUTE B
6pawHaTa — upe3 ekcTpakuusa c eTtep
(FCeHagmes,1968).

5. OnpepgensaHe Ha Makpo U
MUKpPOEeNeMEHTUTE HA aTOMHO-EMUCUOHEH
cnekTpo ¢oTtomeTbp — AES-ICP "Varian -
Liberty 11",

6. OnpegensHe Ha B/lakKHWHM B
6pawHaTta — BAC ISO 5498:1999.

in vitamins, antioxidants and minerals,
and the high concentration of priceless
and indispensable amino acids, which are
definitely glutamate and tryptophan, make
seeds a mandatory component of our
weekly healthy menu. Pumpkin seeds are
undoubtedly tasty and low-calorie — two
peculiarities that will not escape you while
following a diet. There is a lot of evidence
that pumpkin seeds are of great help in
treating diabetes. This is clear after
animal studies.

For this reason, research in this field is
considered to be preliminary (Radoev,
1962; Sandev, 1979). Reducing oxidative
stress plays a key role in many studies
that show the benefits of pumpkin seeds
for diabetic animals. Studies have focused
on lignans that have a great antioxidant
and anti-estrogenic effect. This can mostly
protect you from breast cancer in women
and prostate cancer in men. These
diseases have received a great deal of
attention in the world of research into the
administration of pumpkin seeds and it
has been shown that the content of
lignans is very useful against cancer.

MATERIALS AND METHODS
1. Flour: rye, pumpkin
sunflower.
2. Determination of ash content
of flour — BSS I1ISO 2171: 1999.

and

3.  Determination of protein in
flour — Kjeldahl method (N x 6,25).

4, Determination of fats in the
flour — by extraction with ether (Genadiev,
1968).

5. Determination of the macro
and microelements of atomic emission
spectrometer — AES-ICP "Varian - Liberty
1",

6. Determination of Fibres in
Flour — BDS 1SO 5498; 1999.
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PE3YJITATU N OBCBXXOAHE
HanpaseH e (hu3nko-xumMnyeH aHa-
N3 Ha mn3xogHute 6patwHa (Tabnuua 1).
YCTaHOBEH € MUWHepasIHMAT MM CbCTas.
WN3non3saHnte pobaBeHn 6GpawHa ca C
BMCOKO MPOLEHTHO CbAbpXaHue Ha
Ma3HWHW N NPOTENHN.

RESULTS AND DISCUSSION
A physico-chemical analysis of the
output flours was made (Table 1). Their
mineral composition has been
established. The added flours used are
high in fat and protein.

Tabnumuya 1. DM3MKO- XMMMNYHA XapaKTepUCTUKaA Ha U3Xo4HUTEe bpallHa
Table 1. Physico-chemical characteristics of the source flours

By npo6a Bnara, % [MpoTteunH,% Ma3HunHn,% BnakHuHun,% Menen, % BEB,%
Sarrﬁl' Igt o Moisture,% Protein,%  Fats,% Fibres,%  Ash,% Carbohydrates, %
pietyp (xtsd)  (xzsd)  (xtsd) (xtsd)  (xtsd) (xtsd)
;‘;;"ﬁgﬁfpam”" 10,50£0,02 8,75:0,01 1,25:0,02  8,00:0,01 1,00£0,01 70,5020,02
CnbHYornenoBso
6paLuHo 4,04£0,01 21,20:0,02 51,40+0,02 11,15+0,02 3,2320,01 8,98+0,01
Sunflower flour
TUKBEHO OPaWHO 515,601 3540£0,02 41,05:0,02 7,68:0,02  3,93:0,01 5,82+0,01

Pumpkin flour

Mo oOTHOLWeHVe Ha npoTenHa B
TUKBEHOTO 6palHo uma 4 NbTy noseve
(35,40%) OT TO3M B PBXEHOTO OGpallHO
(8,75%). Mo OTHOLWlEHWe Ha Ma3HWHUTE
C/TbHYOINEeAoBOTO 6pawHo e ¢ 41 nbTu
noseye (51,40%), OT pPBbXEHOTO GpalLHO
(1,25%). TMKBEHOTO BpaLUHO 3aemMa Mex-
OVWHHO MACTO. [0 OTHOLEHVe Ha Brarata
C Hail-BMCOKa Bnara € pbXeHoTo GpaLlHO
(10,50%), pecnekTMBHO C Hali-HuUCKa
Blara e C/TbHYOrNefoBoTo  GpallHo
(4,04%). BnakHMHUTE B CNbHYOrNenoBO-
TO 6pawHo (11,15%), ca ¢ 3,15 % noseye
B CpaBHEHWEe C pPbXeHOTO 6pallHo
(8,00%). MenenHoTo CbObpXaHue Bapu-
pa ot 1,00% npu pbXeHoTo 6paliHo A0
3,93% npu TUKBEHOTO OpawHo. Tesun
6pallHa ca BMCOKONPOTENHOBU (CABHYO-
rnefoBoO U TUKBEHO), C EHEepruitHa CToWn-
HocT oT 558 go 614 kcal/100g, koeTo e
0K0/10 1,5 NbT NOBEYe OT PBHXEHOTO.

Ha Tabnvua 2 e nokasaHa eHepruiiHaTa
CTOMHOCT Ha wm3xogHute OpawHa (kcal/
100 g npoAykT).

Tesun 6paluHa ca BUCOKONPOTENHO-
BM (CNBHYOMNIEL0BO M TUKBEHO), C eHep-
rmiiHa cToiHocT oT 558 o 614 kcal/100g
NpoAYyKT, KOeTo e okoso 1,5 nbTu noseye
OT PBXEHOTO.

With respect to the protein in
pumpkin flour there are 4 times more
(35.40%) than that in rye flour (8.75%). In
terms of fat, sunflower meal is 41 times
more (51.40%) than rye flour (1.25%).
Pumpkin flour holds an intermediate
place. In terms of moisture with the
highest moisture is the rye the flour
(10,50%) and sunflower meal (4,04%)
with  the lowest moisture content
respectively.

The fibres in the sunflower meal (11.15%)
are 3.15% more than the rye flour
(8.00%). The ash content ranges from
1.00% for rye flour to 3.93% for pumpkin
flour.

These flours are high-protein (sunflower
and pumpkin), with an energy value of
558 to 614 kcall00g, which is about 1.5
times more than the rye.

On Table 2 is shown the energy value of
the source rye-, pumpkin-, sunflower
flours (kcal/100 g product).

These flours are high protein (sunflower
and pumpkin), with an energy value of
558 to 614 kcal 100g of product, which is
about 1.5 times more than the rye.
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Ta6bnuua 2. EHepruiiHa CTOMHOCT Ha nsxogHute 6pawHa (kcal/100 g npoaykKT)
Table 2. Energy value of the source flours (kcal/100 g product)

Bupg npoba / Sample type

EHepruiiHa cToitHocT / Energy value
kcal/100g npogykT / product

PbxeHo 6pawiHo / Rye flour

CnbHyornegoso 6pawHo / Sunflower flour

TukBeHo 6patuHo / Pumpkin flour

Ha Ta6nuua 3 e nokasaHo CbAbp-
XaHWETO Ha Makpo- U MUKpoesieMeHTUTe
B M3XoaHuUTe 6pallHa.

TuKBEHOTO 6palWHo cbaobpka 3
NbTW No-manko Ca OT CNbHYOINE[0BOTO,
pecnektMBHo 2,5 nNbTM MO-MasKo OT
PBbXEeHOTO. Te3n OpawHa ca MW3KIUnN-
TenHo 6egHM Ha kobanT M Goratm Ha
MaHraH n UuHK. Mo oTHoweHne Ha Mg u
Na TMKkBeHOTO OpalHO e no-6orato OT
C/TbHYOrNe0BOTO.

352

614

558
On Table 3. is macro- and trace elements
content in rye-, pumpkin-, sunflower
flours.

Pumpkin flour contains 3 times less Ca
from sunflower, or 2.5 times less than
rye. These flours are extremely poor in
cobalt and rich in manganese and zinc.

In terms of Mg and Na, pumpkin flour is
rich.

Ta6nuua 3. CbabpXaHne Ha Makpo- 1 MUKPOESIEMEHTU B U3XO4HUTE GpaluHa
Table 3. Macro- and trace elements content in the source flours

MakpoenemeHTn, mg/kg OC
Macro elements, mg/kg

Bupg 6pawHo / Type flour

MukpoenemeHTn, mg/kg OC
Trace elements, mg/kg

Ca K Mg Na Co Cu Fe Mn Zn
PbxeHo / Rye 114 2743 401 25 96 52 768 1114 704
TukBeHo / Pumpkin 45 7813 5761 430 76 111 67,6 49,6 1025
CnvHuyornegoso / Sunflower 148 5621 3535 395 6,3 18,6 33,0 27,7 66,9
N3BOAN CONCLUSIONS
Pesyntatute 0oT  npoBeAdeHuUTe The results of the conducted

U3CnefBaHna 1 Hay4yHU eKCnepumeHTw,
[JaBaT OCHOBaHue 3a CnefHuTe U3Boau:

1. Te3n OGpawHa ca BMCOKOMPO-
TEWHOBU, C €HepruiiHa CTOWHOCT 614
kcal/100g npoayKT npy CNbHYOreL0BOTO
6pawHo, Koeto e 1,5 nNbTM noseye OT
PBXEHOTO.

2. PbXeHOTO 6pallHO e C HWUCKO
CbAbpXaHVe Ha Ma3HWHW, PECMNEeKTUBHO
TUKBEHOTO W C/TbHYOI/10BOTO Cca C
BMCOKO CbbpXaHue.

3. TUKBEHOTO W C/TbHYOINENOBOTO
6pallHa ca C BWCOKO CbAbpXaHue Ha
OGMONOTNMYHO aKTMBHW CybCTaHUMM — Npo-
TenHu, muHepasnun. Tesn GpallHa ca BUCO-
KOEHEPIMMHM U C HUCKO BNarocbabp-
XaHvie B CpaBHEHNE C PbXEHOTO.

4. OT pbXeHo 6pawHo ¢ gobaska

research and scientific experiments give
grounds for the following conclusions:

1. These flours are high protein,
with an energy value of 614 kcal/100g
product in sunflower flour, which is 1.5
times more than rye.

2. Rye flour is low in fat,
respectively the pumpkin and sunflower
are high in content.

3. Pumpkin and sunflower flour are
high in biologically active substances —
proteins, minerals. These flours are high-
energy and low-moisture compared to rye.

4. High-quality breads, bakery and
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Ha TUKBEHO W/MNW cAbHYOrNenoBo Gpalu-
Ha Morar fa ce nosiydaT BUCOKOKayecTBe-
HM xns6oBe, XNebHW U cnagkapcku
m3genusas — 6e3 MO, KOHCepBaHTW,
apomMaTu3aHTW, OUBETUTENN W asiepreHu,
NoAXo4sLIM KakTo 3a xopa cTpajaliy ot
AnabeT, cbpAeyHo — CcbAoBK 3abonsiBa-
HWSA, 3aT/IbCTsIBaHe, Taka W 3a aKTUBHO
cnopTyBaLLM U C NPOIUIAKTUYHA LiEN.

confectionery products, with rye-, and
pumpkin-, sunflower flours can be made,
free from GMOs, preservatives,
flavourings, colourants and allergens,
suitable for people suffering from
diabetes, cardiovascular diseases,
obesity, as well as for active sportsmen
and for prophylactic.
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PE3IOME

Cwmec ot 3psan dacyn (50%), numel,
(40%) n enpa (10%) ce ekcTpyaupa B
€[HOLLUHEKOB NlabopaTtopeH ekcTpyaep
(Brabender 20 DN, 'epmanusi). 3a onTtu-
MU3MpaHe Ha napaMmeTpuTe Ha ekCTpyAu-
paHe Ha cmecTa ce u3nossea portatabe-
NeH UeHTpasHO-KOMMNO3WLMOHEH NfiaH, 3a
Ja ce noayyuM WHCTaAHTEH MpOoAyKT, Noj-
XOAsl, 3a MpPUroTBSHE Ha COCOBE WM
Kpem cynu. [MpunoxeH e MeToabT Ha
MOBBbPXHOCTTA HA OTPAXEHWETO C YeTUpu
NPOMEHNINBM NPU NET HMUBA Ha BapyvpaHe.
KpuTepusT, yCTaHOBEH 3a onpegensiHe Ha
ONTUM&/THUTE YC/IOBUS Ha EeKCTPy3us Ha
6060BO-3bpHEHATA CMEC, € Aa ce Hame-
PAT ycnosusATa, NpU KOUTO ce nosyyasar
BMCOKM CTOMHOCTW 3a CTeneHTa Ha eKc-
NaH3MOHEH MHAEKC N MHAeKca Ha abcopob-
UM Ha BOJA, U HUCKM CTOMHOCTM 3a
cneundMuHms pasxof Ha eHeprus. KaTo on-
TUMaSIHU YC/IOBUSI HA EKCTpyAMpaHe Moxe

Accepted: 03.06.2018

Published: 20.08.2018

SUMMARY

A mixture of bean (50%), einkorn
wheat (40%), and buckwheat (10%) was
extruded in a laboratory single screw
extruder (Brabender 20 DN, Germany).
Central Composite Rotatable Design
(CCRD) was wused to optimize the
extrusion parameters of the mixture for
obtaining instant product suitable for
preparation of paste or cream soup, by
response surface methodology with four
variables at five levels.

The criterion established to determine the
optimal extrusion conditions of the
legume-cereal mixture was to find the
conditions leading to high values of
sectional expansion index and water
absorption index, and low values of
specific mechanical energy. Moisture
content from 21 to 25%, barrel
temperature from 150 to 180°C, screw
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Ja ce rnpenopbyar: CbAbpXaHue Ha Brara
oT 21 o 25%, Temnepatypa Ha maTpuyaTa
ot 150 go 180°C, yecToTa Ha BbpPTEHE Ha
WwHeka oT 145 go 180 min™ u cTeneH Ha
Komnpecusa Ha wWwHeka 3:1 3a nonyyasaHe Ha
WHCTaHTEH MPOAYKT, MOAXOASL, 3a MpuUroT-
BsIHE Ha COCOBE W/ KPEM CYyMW.

KnoyoBn agymu:  ontuMmsauus,
eKCTpy3usi, 6060B0O-3bPHEHA CMEC, METOS,
Ha MOBBPXHOCTTA Ha OTPaXeHMeTo

YBO/,

EKcTpy3usiTa € CbBPEMEHH], C [oKa-
3aHN TEXHWYECKM U MKOHOMUYECKU npeauM-
CTBa, TEXHONMOrMs 3a MPOM3BOACTBO Ha
pasnuyHn no hopma 1 pasmep XpaHuTesHN
npoayktu. Mpunara ce Hali-LULMPOKO 3a 06pa-
60TKa Ha 3bpPHEHN CypoBUHK (No4 dhopmarta
Ha 6pallHO, FPUC WM HULLECTE), KaTo Miie-
HULA 1 Lapesuua, Npyu KOeTo ce nonyyasar
pasnuMyHN BUA0BE 3aKyCKWU U CTPYKTYpUpPaHu
npogyktn. To3nm meTog Ha obpaboTka e
MasiIkO M3Mofi3BaH 3a cemeHa Ha 6060Bw,
nopaju cxsallaHeTo, ye Te He ekcnaHampar
[o6pe npu ekctpy3us (Riaz, 2000).

B cbcTaBa Ha 3penva dacyn Bnusa
LUMPOK HAbOop OT LLeHHU XpaHUTesTHM U 6uo-
NOTMYHO aKTMBHU BeLLEeCTBa. 3HaUNTEsTHO e
CbAbPXaAHNETO Ha NPOTEWHW, BanaHcMpaHu
B rofiiMa CTeneH Nno OTHOLLEHNE Ha He3ame-
HAMUTE amMuHokucenuHu. KombuHupaHeTo
Ha pacTUTesIHM NpOTeWHW, kato 6060BU C
XWTHW, BOAM [0 NOfyyYaBaHe Ha BUCOKO
KauecTBEH MPOTEVH, KOMTO € CbLL0 TO/IKOBA
[06BP, KOMKOTO TO3M OT XUBOTUHCKU XpaHu
(Berry, 1986).

3bpHEHUTE XpaHW ca Npu3HaThu us-
TOYHMLY HA BMOAKTVBHU KOMMNOHEHTU, Npea-
CTaBNSABAT LIeHHA CypOBMHA 3a XpaHUTENHO-
BKycOBaTa NMPOMULLIEHOCT U Ce 13non3sat
npu MNpoOV3BOACTBOTO Ha (PYHKUMOHATHN
XpaHu. boraTu ca Ha XpaHWUTEsTHN BNakKHUHM,
NpoTenHW,  MUHEepanHW  BelwecTea W
BuTamuHm (Hidalgo et al., 2006).

Enpata cbabpxa ronsmo pasHo-
obpasue OT KOMMNOHEHTN C NPodIUIaKTNY-
HO AelicTBUE — DEHOHN KUCESTMHN, TaHK-
HK, chuTocTeponu, cparonuputon mn ap.,
MMa CpaBHUTENHO BWCOKO CbAbpXaHue
Ha npoTtenHu (12-19%) n gobpe 6anaHcu-
paH amMmHokMcennHeH cbcTaB (Tomotake
et al., 2002).

speed from 145 to 180 rpm, and screw
compression ratio 3:1 could be
recommended as optimal extrusion
conditions for obtaining instant product
suitable for preparation of paste or cream
soup.

Key words: optimization, extrusion,
legume-cereal mixture, response surface
methodology

INTRODUCTION

Extrusion is modern, with proven
technical and economic advantages
technology for production of different form
and size food products. It is applied most
widely for processing cereal raw materials
(in the form of flour, semolina or starch),
such as wheat and corn, whereby receive
different types of snacks and structured
products. This method of processing is
little used for legume seeds, due to the
notion that they do not expand well in
extrusion (Riaz, 2000).

A wide range of valuable nutrients
and biologically active substances are
included in the mature beans. Significant
is the content of proteins that are highly
balanced in terms of essential amino
acids. Combining plant proteins, such as
cereal legumes, results in the production
of high-quality protein that is just as good
as that of animal food (Berry, 1986).

Grains are recognized sources of
bioactive components and are a valuable
raw material for the food industry used in
the production of functional foods. They
are rich in dietary fibre, proteins, minerals
and vitamins (Hidalgo et al., 2006).

Buckwheat contains a wide variety
of prophylactic components — phenolic
acids, tannins, phytosterols, phagopyritol,
etc., has a relatively high protein content
(12-19%) and a well-balanced amino acid
composition (Tomotake et al., 2002).
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NumeLbT e 3bpHeHa KynTypa ¢ BUCO-
Ka XpaHuUTesiHa CTOMHOCT — CbAbpPXaHNeTo
Ha Bbriexugpatn e 70-75%, npotenHn 12-
18%, Ma3HUHU 2-3%. 3HAYUTENHOTO CbABP-
XaHve Ha MuHepanu — ceneH, cocdop (5
MbTW MNOBEYEe B CpPaBHEHME CbC COATA),
UVHK, Mef 1 marHeswii (4 nbTu noseve oT
KadaBms opm3) cnocobeTBa 3a HOPMAIHOTO
(hM3NONOrMYHO CbLCTOSIHUE Ha opraHusMa
(Abdel-Aal et al., 1995; Hidalgo et al., 2014).

KauecTBOTO Ha ekcTpyaupaHus npo-
[yKT 3aBUCK OT NpaBUIHMSA NOAGOP Ha He3a-
BUCUMWTE MNPOMEHNMNBK, YCMOBUSATA Ha
06paboTKka U CTPUKTHUS KOHTPO/ Ha camus
€KCTPYy3MOHeH mnpouec. Bbpxy npoueca Ha
eKCTpyavpaHe okasBaT BUsiHWE peauua
pakTopu, HO Hali-4yecTo ce usbupar Hesa-
BUCUMWTE MNPOMEH/IMBM — BJIAXHOCT Ha
nogaBaHusl 3a eKcTpyaupaHe marepuvarn,
TemnepaTypa Ha ekcTpyaupaHe, CTeneH Ha
KOMMpecuss 1 4yecToTa Ha BbPTEHE Ha
paboTHuMA WHeK Ha ekcTpygepa (Guy, 2001).

BnaxHocTTa Ha Martepuana, noga-
BaH 3a eKcTpyaupaHe, e BaXHa He3aBucu-
Ma MPOMEH/IMBa, KOATO OKa3Ba BNUAHWE
BbpPXYy KadecTBara Ha KpaiHus MpoayKT.
Ta e B rpaHnuute ot 10 go 35% wu ce
ABABA KaTa/M3aTop Ha npoTuyawuTte
npouecun. B cbueTaHune ¢ gpyrute dpakTopu
Ha npoueca ce cb3gaeaT Yc/loBMS 3a Mo-
Mb/IHO MPOHUKBAHe Ha Ton/uHaTa B obpa-
60T1BaHUA matepuan (Riaz, 2000).

Bucokara Temneparypa e OCHOBEH
(hakTop, cb3hasaly yC/i0BUSA 3a NPOMsSHa
HaATMBHOCTTA HA OCHOBHUTE VHIpafUeHTH.
Mpu no-sBucoka Temnepartypa ce nosyya-
Ba Mo-gobpa nnactudukaums Ha npo-
TEMHUTE N ce OoTAeNs noseye B/ara ypes
n3napssaHe npu nUs3nnsaHe Ha marepuana
oT maTtpuuaTta (Riaz, 2000).

CreneHTa Ha KOMNpecus Ha LUHeka
€ eflHa OT HaW-BaXHUTe XapaKTepucTuku
npu MPOEKTUPaHETO Ha eKcTpyaepute n
OoKa3Ba 3HauuTesIHO B/IMSIHWE BbPXY MoBe-
OEeHVeTO Ha martepuvasia no BpemMe Ha
eKCTPyAMpaHeTo 1 CBOWCTBaTa Ha Mosy-
yeHuTe npoayktn (Guy, 2001).

UecToTata Ha BbpTEHE € CblUecT-
BEeHa Hes3aBuCUMa MNPOMEHINBA, KOATO
CblLO B/IMSIE BbPXY Ka4yecTBOTO Ha Kpali-
HUS MPOAYKT — TeKcTypa, CTPYKTypa, eKc-

Spelled is a high nutritional cereal -
the carbohydrate content is 70-75%,
proteins 12-18%, fats 2-3%. The
significant content of minerals — selenium,
phosphorus (5 times more than soy), zinc,
copper and magnesium (4 times more
than brown rice) contributes to the normal
physiological state of the organism (Abdel-
Aal et al. al., 2014; Hidalgo et al., 2014).

The quality of the extruded product
depends on the correct selection of the
independent variables, the processing
conditions and the strict control of the
extrusion process itself. Several factors
influence the extrusion process, but most
often the independent variables are the
moisture content of the extruded material,
the extrusion temperature, the compression
rate and the rotational speed of the extruder
working auger (Guy, 2001).

The moisture content of the
extruded material is an important
independent variable that affects the
properties of the final product. It ranges
from 10 to 35% and is a catalyst for
ongoing processes. Combined with the
other factors of the process, conditions for
a more complete penetration of the heat
in the processed material are created
(Riaz, 2000).

High temperature is a major factor
creating the conditions for changing the
nativeness of the main ingredients. At
higher temperatures, better protein
plasticization is obtained and more
moisture is released by evaporation upon
exit of the matrix material (Riaz, 2000).

The degree of compression of the
screw is one of the most important
features in the design of the extruders and
has a significant influence on the
behaviour of the material during extrusion

and the properties of the resulting
products (Guy, 2001).
Screw speed is a significant

independent variable that also influences
the quality of the final product - texture,
structure, expansion. Increasing the screw
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naH3sus. MNMoeuliaBaHeTo yecToTaTa Ha Bbp-
TEHEe Ha LWHeKa BoAu A0 NOoBMLIABaHE EKC-
naH3MoHHMA nHAEKC Ha npogykTa (Guy, 2001).

Llenta Ha TOBa u3cnegBaHe e pga
ce onTMMU3NpaT YCNOBUATA Ha EKCTPYAU-
paHe Ha cmec oT 606, numey, 1 enga 3a
noslyyaBaHe Ha WHCTaHTEH MPOAYKT, NoA-
X0o4dl, 3a NpuUroTBsHe Ha cocoBe Wan
KpeMm cyna.

MATEPWNAN N METO4WA
CypOBVHM 1 NOAFOTOBKa Ha npobuTe

NlumeusT 1 engata ca npounsseje-
HW 1 gocTtaBeHu oT ceso Jlomel, obLwuHa
TposiH. Bo6bT e copT ,buBonap” n e
oTrnepaH B Pogonute, bbarapus.

BoboBuTe 3bpHa, IMMELbT 1 enja-
Ta ca CMJIEHU Ha YyKOoBa MenHuua u npe-
CATW Npe3 CTaHfapTHW cuTa 3a noJsiyyasa-
He Ha yacTuum ¢ egHakbB pasmep. Mony-
yeHUTe crief, CMUIaHe Ha CYpPOBUHUTE
rpucose — rpuc ot 3pan dacyn, nmmeL un
efnja ce cmecBaT B CbOTHOLUEHUE
50:40:10. KbM Taka npuroreeHara cMec e
pobaBeHa gecTunvpaHa Boja 3a noctura-
He Ha )enaHoto B/larocbAbpXaHve
(Tabnmuya 1). BnaxHuaT MmaTtepuan ce
noctass B MOMWETW/IEHOBU M/IMKOBE, B
XnagunHuk 3a 12 yaca npu Temneparypa
5°C. MNpobute ce Temnepupar Ha cTaliHa
TemnepaTypa 3a 2 yaca npeam ekcTpysus.

EkcTpygupaHe

Mpobute ce ekcTpyaupaTr Ha
nabopartopeH e[HOLUHEKOB eKCcTpyaep
(Brabender 20 DN, Germany). CteneHTa
Ha Komnpecus Ha WwHeka e 1:1, 2:1, 3:1,
4:1 1 5:1 cnopef niaHa Ha ekcnepnmMeHTta
(Tabnmuya 1). LUunmHabpbT Ha ekcTpyge-
pa (abmkmHa 476.5 mm n gnametbp 20
mm) ce CbCTOW OT TPU CEKUuUW, C enek-
TPUYECKN HarpesBaTesiv W He3aBNCUMO
KOHTpo/siMpyema pglo3a. YecrtoTata Ha
BbpTeHe Ha WwHeka e 120, 140, 160, 180 v
200 min™. MocTosHHNTe napamMmeTpu Ha
npoleca ca: 4yecToTa Ha BbPTEHE Ha
Jo3upawusa wHek 50 min™, Temnepartypa
Ha nbpBa 30Ha 100°C, Temnepatypa Ha
BTOpa 30Ha 140°C n gnameTbp Ha Agro3ata
Ha martpuuara 3 mm. TemneparypaTta Ha
martpuuara e 120, 140, 160, 180 n 200°C.

speed results in an increase in the
product expansion index (Guy, 2001).

The objective of this study was to
optimize the extrusion conditions of a
mixture of bean, einkorn wheat, and
buckwheat for obtaining instant product
suitable for the preparation of paste or
cream soup.

MATERIAL AND METHODS
Raw materials and preparation of samples

Einkorn wheat and buckwheat are
provided and delivered by village of Lomets,
municipality of Troyan, Bulgaria. The bean is
variety "Bivolare" and it is grown in the
Rhodope Mountains, Bulgaria.

Bean seeds, einkorn wheat, and
buckwheat were ground using a hammer
mill and passed through standard sieves
to be obtained homogenized meals. The
bean meal, einkorn wheat meal, and
buckwheat meal were blended at a ratio
of 50:40:10 (w/w/w). Samples of prepared
composite meal were mixed with distilled
water to be obtained various moisture
contents (Table 1). The wet materials
were placed and kept in sealed plastic
bags for 12 h in a refrigerator at 5°C. The
samples were tempered for 2 h at room
temperature prior to extrusion.

Extrusion process

The samples were extruded in a
laboratory  single  screw  extruder
(Brabender 20 DN, Germany). The
compression ratio of the screw was 1:1,
2:1, 3:1, 4:1, 51 according to the
experimental design (Table 1). The
extruder barrel (476.5 mm in length and
20 mm in diameter) contained three
sections and independently controlled die
assembly electric heaters. The screw
speed was 120, 140, 160, 180, 200 rpm.
Feed zone temperature and metering
zone temperature were kept constant at
100 and 140°C, respectively. The
temperature of the extruder die was 120,
140, 160, 180, 200°C. The feed screw
speed was fixed at 50 rpm and the die
diameter was 3 mm.
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Tabnuua 1. MNnaH Ha ekcnepyMeHTa
Table 1. Experimental design

Hesasucumun npomeHNnBU

HuBa Ha BapupaHe / Levels of variation

Independent variables -2 -1 0 +1 +2
BnaxHocT / Moisture (W), % — X, 16 19 22 25 28
Temneparypa Ha maTpuuaTa

Barrel temperature (T), °C — X, 120 140 160 180 200
YecToTa Ha BbpTEHe Ha LHekKa 120 140 160 180 200
Screw speed (n), rpm — X3

CTeneH Ha KOMMNPEecKs Ha LIHeKa 11 21 31 a1 51

Screw compression ratio (K) — X4

CTeneH Ha eKCcrnaH3voHeH MHAEKC

CreneHTa Ha E€KCnaH3WOHEeH WH-
hekc (SEl) n3passiBa OTHOLLIEHUETO MEX-
Oy OvameTbpa Ha ekcTpyjara u aname-
Tbpa Ha Afo3arta Ha marpuuara. dname-
TbPbT Ha EeKkcTpyjaTute e cpeaHoapuT-
MeTMYHa CTOMHOCT OT 10 npOM3BOJHO
HanpaseHW u3MepBaHusA. CTeneHta Ha
eKCMaH3MoHeH MHAEKC ce m3yucnsasa no
hopmynara:

D
<K - _€
Dy
kbgeto: D ®n Dy ca CbOTBETHO

AvameTbpa Ha ekcTpyaata U gnameTbpa
Ha Ato3aTa Ha MaTpuuara.
CneumndmyeH pa3xof Ha eHeprus
CneungunyHusT pasxop, Ha
eHeprus (SME, kJ/kg) ce msuucnsea no

opmynarta (Chuang and Yeh, 2004):

Sl\AEzZp'Mr_]'n/6o.3,6
m
Kbaeto: Mn e BbBbpPTAW, MOMEHT Ha

ekcTpygepa (N.m), n — yectoTa Ha BbpTeHe
Ha WHeka (min™), 7 _ macoB noTok (kg/h).
VHpeke Ha abcopbuus Ha Boja
EkcTpypnatute ce cmuiat Ha sabo-
paTopHa 4ykoBa MefnHuua U ce npecsisa
npes cuto C roneMumHa Ha otsopuTte 500
pm. OT Hero ce npeternar 0.2 g, nocTaBaT
ce B LieHTpo6exHa enpyBeTka u ce AobassAT
5 ml gectnnnpana Boga. Npobarta ce Tem-
nepvpa Ha BogHa 6aHs npu TemnepaTypa
30°C 3a 30 min (pa36bpkBa ce Ha Bcekn 5

Sectional expansion index

Sectional expansion index (SEl),
the ratio of diameter of extrudate and the
diameter of die was used to express the
expansion of extrudate. The diameter of
extrudate was determined as the mean of
10 random measurements. The extrudate
expansion index was calculated as

1)

where D, and Dy were diameter of the
cooled extrudate and diameter of the die,
respectively.

Specific mechanical energy

The specific mechanical energy
(SME, kJ/kg) was calculated using the
equation (Chuang and Yeh, 2004):

(2)

where Mn is the corrected torque (N.m), n —
the screw speed (rpm), 1t — the feed rate
(kg/h).

Water absorption index

The extrudates were finely ground
using a laboratory hammer mill and
sieved through a 500 pm sieve. A 0.2 g
sample was placed in a tared centrifuge
tube and 5 ml distilled water added. After
standing for 30 min at 30°C (with
intermittent shaking every 5 min), the
sample was centrifuged at 3000 rpm for
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min), ueHTpodyrnpa ce 3a 20 min npu 3000
min™® B yeHTpodyra CH 90-2A. Onpegens
ce Macarta Ha yralikaTa, KOSTO BCbLUHOCT
npeacTas/isiBa cbop OT Macarta Ha npobarta
M MacaTta Ha cBbp3aHaTa Boja. VIHAeKCHT
Ha abcopbuusa Ha Bofa ce M34KUCnsBa no
dopmynata (Toshkov, 2011):

m
WAl = —2
m,

KbAEeTO: My € Maca Ha yTaiikara (g), m, —
Maca Ha npobarta (g).

lMnaH Ha ekcnepMMeHTa 1 aHa/IM3 Ha
JaHHUTE

M3nonseaH e potatabeneH LeHTpasHO-
KOMMO3WLVOHEH MNaH, 3a Ja ce yCTaHOBU
B/IMSSHNETO Ha BNaroCbAbpXaHUeTo, TeMm-
nepatypaTa Ha mMaTpuuarta, yectoTata Ha
BbpTEHE W CTEMeHTa Ha Komnpecus Ha
LWIHeKa BbpPXY eKCTpyaaTuTe npu NpoBex-
JaHe Ha 27 onuTta, OT KOUTOo 16 ca To4YkM OT
NbAHUS  (haKTOpeH ekcnepuMMeHT, 8 ca
~3Be34HNTE" paMeHa 1 3 ca B LUEeHTbpa Ha
ekcnepumMmeHTa (Montgomery, 2011).

3a onvcaHne Ha uenesarta (PyHK-UuA
Ce 13nosi3Ba perpecuoHeH mogen ot
BTOPU peja;:

n n 2 n n
y=bg+ Xbix + XX+ X X byXX;

i=1 i=1 i=1j=1
KbAeTo: by € cBo6oAeH koedUUUNEHT; b; ,
bi n b; ca cboTBETHO KOEMUMEHTU Ha
NHenHnTe  echbekTn,  KBagpaTudHUTE
edekT 1 B3ammogeincTeuaTa. Edpektute
ca CTaTUCTMYEeCKM pasNnyHM OT Hyna
(p<0.05) npn 95%  poBepuTesieH
UHTEpBan.

M3non3eaHu ca Excel n cneymanu-
3upaH codoTyep 3a cTtatucTmyecka obpa-
60TKa WM aHanM3 Ha pfgaHHn SYSTAT
(SPSS Inc., Chicago, USA, version 7.1).

PE3YJITATU N OBCBXAAHE
Upe3 eAHOLLIHEKOBO EKCTpyAvpaHe

Ha 60060BO-3bPHEHN CMECU ca MNOJyYeHU
€KCTPyAaT C MHOIO pas/iMyHU CTPYKTYpU
B 3aBWCMMOCT OT MapameTpuTe Ha npo-

20 min using a centrifuge CH 90-2A. The
supernatant was decanted into a tared
aluminium pan and weight gain in the gel
was noted. Water absorption index (WAI,
g/g) was calculated as (Toshkov, 2011):

3)

where mgy is the weight gain of the gel (g),
m, — the weight of dry sample (g).

Experimental design and data
analysis
A central composite rotatable

design was used to show interactions of
moisture content, barrel temperature,
screw speed, and screw compression
ratio on the extrudate in 27 runs of which
16 were for the factorial points, 8 were for
axial points, and 3 were for centre points
(Montgomery, 2011).

A second order polynomial model
for the dependent variable was
established to fit the experimental data:

(4)

where by = intercepts, b; are linear, b; are
quadratic, and by are interaction
regression  coefficient terms. The
significance of the effect was given as a
p-value. The effect was considered
significant if the p-value for each factor or
interaction is less than 0.05.

SYSTAT statistical software (SPSS
Inc., Chicago, USA, version 7.1) and
Excel were used to analyze the data
results.

RESULTS AND DISCUSSION
Extrudates of widely different
physical structure were obtained by single
screw extrusion of legume-cereal mixture
at different combinations of processing
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yeca (Tabnuuya 1). PerpecnoHHmTe mMoge-
M ONMUCBaT CbC CPaBHUTE/IHO BMCOKA
TOYHOCT 3aBMCUMOCTUTE Mexay hakTopu-
Te N U3NKOXMMWYHUTE CBOICTBA Ha
ekcTpygartuTe.

MonyyeHuTe perpecuoHHU monenu
cnep obpaboTka Ha ekcrnepuMeHTasHuTe
pe3yntaty U OTCTpaHsABaHEeTO Ha He3Hauu-
MuTe edhekTn ca gageHmn B Tabnuua 2.

Tabnuuya 2. PerpecoHHN mogenm
Table 2. Regression models

parameters (Table 1). Regression
analyses of the  physicochemical
properties of the extrudates indicated that
all the second order polynomial models
correlated well with the measured data
and were statistically significant (p<0.05).

The resulting models, after
removing the nonsignificant terms, were
evaluated in terms of uncoded factors and
are presented in Table 2.

PerpecnoHHO ypaBHeHue / Regression equation R’
SME =599.78 + 7.49W + 5.82n — 500.51K + 69.60K” , kJ/kg 0.93
SEl = - 250.185 + 0.23T + 2.04n + 51.42K — 0.55W? — 0.23nK, % 0.86
WAI = - 7.59 — 1.278W + 0.12T + 0.026W” — 0.001Tn — 0.313K?, g/g 0.95

3a ycTaHoBsiBaHe Ha ONTUMaHWUTE
YCNOBUSA Ha eKCTpygupaHe Ha cMmec OT
6060BM M 3bPHEHN KYNTYpU € Heobxoanumo
[Ja ce onpefenaT ycnosuATa, BoAeWM [0
BMCOKM CTOMHOCTWU Ha CTENEeHTa Ha eKcnaH-
31oHeH nHaekc (SEl > 170%) n nHaekca Ha
abcopbuma Ha Boga (WAI > 7.6 g/g) n
HUCKWM CTOMHOCTM 3a cneuudInyHus pasxof,
Ha eHeprusa (SME < 370 kJ/kg).

VM3BecTHO e, 4ye Bfarata Ha maTte-
pvana e OCHOBHUSA (hakTop, BAUSeL BbpXy
NJIBTHOCTTA U eKCMaH3uATa Ha ekcTpyaaTtu-
Te (Dogan and Karwe, 2003; Ding et al.,
2005; Ding et al., 2006), koeTo e B CbOT-
BETCTBME U C HallaTa paboTa. [MoBULLEHOTO
CbAbpXaHve Ha Bfara no Bpeme Ha ekc-
Tpy3usTa MOXe fa HaManu enactuyHocTTa
Ha ,TecToTo" 4ype3 nnacTuuunpaHe Ha
pasToneHata maca, KOeTo BoAM OO Hama-
nasaHe Ha SME u cnegosaresiHO A0 Hama-
NsBaHe CTeneHTa Ha XenatuHusauusa, Ha-
MansBaliku ekcnaHusta u ysesmyaBaliku
nabTHOCTTA Ha ekctpygara (Ding et al.,
2006).

CrneunUYHUAT pasxof Ha eHeprus
nokassa KO/IM4eCcTBOTO Ha BHeceHaTa Me-
XaHW4YHa eHeprus 1 xapakrepusanpa MHOro-
CTpaHHO paboTaTta Ha eiH ekcTpyaep, Tbil
Kato npy HeroBoTO M3uuCNABaHe y4yacTsa
CbNPOTUBUTENHNSA / BBPTSALL, MOMEHT Ha Ma-
wuHata. CtoliHocTTa Ha SME nokasBa cTe-
neHTa Ha MakpoMOSeKynHWTe TpaHcdop-
Mauun 1M B3avMOAeliCTBUS, KOUTO Ce OCb-
LecTBABAT N0 Bpeme Ha npoueca (Altan et

The  criterion established to
determine the optimal extrusion conditions
of legume-cereal mixture was to find the
conditions leading to high values of
sectional expansion index (SElI > 170%)
and water absorption index (WAI > 7.6 g/g),
and low values of specific mechanical
energy (SME < 370 kJ/kg).

Feed moisture has been found to
be the main factor affecting extrudate
density and expansion (Dogan and Karwe,
2003; Ding et al., 2005; Ding et al., 2006),
which is consistent with our work.
Increased feed moisture content during
extrusion may reduce the elasticity of the
dough through plasticization of the melt,
resulting in reduced SME and therefore
reduced gelatinization, decreasing the
expansion and increasing the density of
extrudate (Ding et al., 2006).

Specific mechanical energy is the
amount of mechanical energy dissipated
as heat inside the material, expressed
per unit mass of the material. Specifically,
it is the work input from the drive motor
into material being extruded and thus
provides a good characterization of the
extrusion process. SME values indicate
the extent of molecular breakdown or
degradation the material undergoes
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al., 2009). YcTaHOBEHO €, Ye CbAbpXaHue-
TO Ha Bfara u cTeneHTa Ha Komnpecus Ha
LUIHeKa oKka3BarT Hail-rofsmMo BNANsHWE BbPXY
SME. CToMiHOCTMTE Ha KOHCymupaHaTa
eHeprus HamassaBar, KoraTo CbAbpXaHve-
TO Ha BNnara ce ysenunyasa.

MHpekcbT Ha abcopbuma Ha Boja
3aBUCM OT Ha/IMUMETO Ha XMAPOPUIHU
rpynu 1 oT CNocoBHOCTTa Ha MakpPOMOJSIEKY-
niute pga o6pasysatr ren (Gomez and
Aguilera, 1983). WAI e msApka 3a XenaTtuHu-
3auma Ha ckopbsnarta, AeHatypupaHe Ha
npoteMHute n obpasyBaHe Ha HOBW KOM-
naekcu mexay Makpomonekynmte (Dogan
and Karwe, 2003). JIMHEWHUAT ehekT Ha
CbAbpXaHWeTO Ha Bfara uMa Hali-rosisimo
BAvsHne Bbpxy WAI. Dogan n Karwe
(2003) cbobuaBaT 3a yBennyasaHe Ha WAI
C yBe/iMyaBaHe Ha Bfnarata, KOeto € B
CbOTBETCTBME W C HalUTEe eKCrepumeH-
TaNHW pe3yntaTu.

3a onTumusMpaHe Ha npoleca moge-
NMTe ca M3nos3BaHu 3a M3yepTaBaHe Ha
rpacdvkn € JIMHUM Ha NOCTOSIHHW CTOMHOCTU
Ha uenesute yHKuMK. W3ueptaBaT ce
M30/IMHUM Ha [Be He3aBUCUMU NPOMEH-
JIBW, KaTO Te Ce U3MEHAT B TECHU rpaHnum
OKOJI0 OCHOBHUTE CU HUBA, & CTOWHOCTUTE
Ha oOcCTaHa/mMTe ocTaBar MoOCTOSAHHN (B
LEeHTbpa Ha ekcneprMeHTa).

3a HamupaHe Ha onTUMaHuTe
CTOMHOCTM Ha chakTopuTe rpadmkniTe 3a
CTeneHta Ha eKCnaH3MOHeH WHAEKC,
WHOeKca Ha abcopbuus Ha Boja U
cneumMduyHMa pasxol Ha eHeprus ca
HaHeceHW efiHa Bbpxy Apyra (durypa 1).

OT npakTuyecka rnefHa Touka Moxe
Ja ce npenopbya ekcTpyauMpaHeTo Ha
6060BO-3bpHEHATA CMEC [a Ce M3BbpLiBa
npv cnegHUTe onTUMasIHW YC/I0BUS: CbAbP-
XXaHue Ha Bnara ot 21 go 25%, Temne-
patypa Ha matpuuyata oT 150 go 180°C,
yecToTa Ha BbpTeHe Ha LHeka oT 145 fo
180 min™ 1 cTeneH Ha komnpecus Ha LWHe-
Ka 3:1 3a nonyyasaHe Ha WHCTAHTEH MNpo-
OYKT, NOAXOASLL, 3a NPUIrOTBSIHE Ha COCOBE
WM KPEM Cynu.

during the extrusion process (Altan et al.,
2009). SME was found to be most
dependent on moisture content and
screw compression ratio. An increase in
the moisture will decrease SME.

Water absorption index depends
on the availability of hydrophilic groups
and on the gel formation capacity of the
macromolecules (Gomez and Aguilera,
1983). It is a measure of damaged starch
together with protein denaturation and
new macromolecular complex formations
(Dogan and Karwe, 2003). The linear
effect of moisture content was highly
significant on WAI. Dogan and Karwe
(2003) reported an increase in WAI with
the increase in moisture, which is in
agreement with our experimental results.

Optimization was carried out by the
superposition of several contour surfaces
of competing responses. The response
surface plots were generated for
interaction of any two independent
variables, while holding the value of all
the rest as constant (at the central value).

The best conditions that
correspond to shaded areas, obtained by
superimposing contour plots of sectional
expansion index, water absorption index,
and specific mechanical energy during
extrusion process are shown in Figure 1.

From practical point of view,
moisture content from 21 to 25%, barrel
temperature from 150 to 180°C, screw
speed from 145 to 180 rpm, and screw
compression ratio 3:1 could be
recommended as the optimal extrusion
conditions of legume-cereal mixture for
obtaining instant product suitable for
preparation of paste or cream soup.
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dur.1. N'padmkn ¢ NMHUN HA NOCTOSAHHM CTOMHOCTU Ha CTeneHTa Ha KOMNpecus 1
yecToTaTa Ha BbpPTEHE Ha LUHEKa (a), TeMnepaTypaTa Ha Matpuuara u yectotaTta
Ha BbpTeHe Ha wWHeka (b), cTeneHTa Ha KOMMPECUA Ha LUHeKa U CbAbpXaHVeTo
Ha Bfiara (C), Temrnepartypara Ha MaTpuuata U CbAbpXaHUeTo Ha Bnara (d) Ha
6060BO-3bpHEHATa CMeC

Fig.1 Superposition area of the responses as an effect of the screw compression
ratio and screw speed (a), the barrel temperature and screw speed (b), the screw
compression ratio and moisture content (c), the barrel temperature and moisture
content (d) on the extrusion process of legume-cereal mixture

n3Bogn CONCLUSIONS

B0o60BO-3bpHEHA CMEC Ce EeKCTpy- Legume-cereal mixture was
Avpa B efHOLWHEKOB nabopatopeH ekc- | extruded in a laboratory single screw
Tpyaep (Brabender 20 DN, lepmaHus). | extruder (Brabender 20 DN, Germany).
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Kato ontumasnHu ycnoBsus Ha ekcTpyau-
paHe MoOXe fa ce npenopbyaT: CbAbp-
XaHne Ha Bnara ot 21 pgo 25%,
TemnepaTtypa Ha martpuyaTta ot 150 pgo
180°C, yecToTa Ha BbpTEHE Ha LHeka oT
145 o 180 min™ v cTeneH Ha KoMnpecus

Moisture content from 21 to 25%, barrel
temperature from 150 to 180°C, screw
speed from 145 to 180 rpm, and screw
compression ratio 3:1 could be
recommended as the optimal extrusion
conditions of legume-cereal mixture for

Ha wHeka 3:1 3a nosiyyaBaHe Ha
WHCTAHTEH  NpoAyKT, noaxoAsuw, 3a
NPUroTBAHE Ha COCOBE W/ KPEM CYIN.

obtaining instant product suitable for
preparation of paste or cream soup.

NMTEPATYPA /| REFERENCES
1. Altan, A., K. McCarthy and M. Maskan, 2009. Effect of screw configuration
and raw material on some properties of barley extrudates. Journal of Food
Engineering, 92, 377-382.
2. Berry, R. E., 1986. Tropical Seeds, Legumes, Fruits, and Leaves as Sources
of Protein. In: Plant Proteins: Applications, Biological Effects, and Chemistry. American
Chemical Society. ACS Symposium Series, 312 (18), 220-233.
3. Chuang, G. and An-l Yeh., 2004. Effect of screw profile on residence time
distribution and starch gelatinization of rice flour during single screw extrusion cooking.
Journal of Food Engineering, 63, 21-31.
4. Ding, Q., P. Ainsworth, A. Plunkett, G. Tucker and H. Marson, 2006. The
effect of extrusion conditions on the functional and physical properties of wheat-based
expanded snacks. Journal of Food Engineering, 73, 142-148.
5. Ding, Q., P. Ainsworth, G. Tucker and H. Marson, 2005. The effect of
extrusion conditions on the physicochemical properties and sensory characteristics of
rice-based expanded snacks. Journal of Food Engineering, 66 (3), 283-289.

6. Dogan, H. and M. Karwe, 2003. Physicochemical properties of quinoa
extrudates. Food Science and Technology International, 9, 101-114.

7. Gomez, M. and J. Aguilera, 1983. Changes in the starch fraction during
extrusion cooling of corn. Journal of Food Science, 48, 378-381.

8. Guy, R. 2001. Extrusion Cooking, Technologies and Application. Florida:
Woodhead Publication, pp. 151.

9. Hidalgo, A., A. Brandolini, C. Pompei and R. Piscozzi, 2006. Carotenoids

and tocols of einkorn wheat (Triticum monococcum ssp. monococcum L.). Journal of
Cereal Science, 44, 182-193.

10. Hidalgo, A. and A. Brandolini, 2014. Nutritional properties of einkorn wheat
(Triticum monococcum L.). Journal of the Science of Food and Agriculture, 94 (4), 601-612.
11. Montgomery, D., 2011. Design and Analysis of Experiments. 7th ed.
Hoboken: John Wiley & Sons, Inc. ISBN 978-0-470-16990-2, 114 p.

12. Riaz, M., E. Lusas and G. Mohy-ud-Din, 1996. Applications and Advantages
of Extrusion Technology in the Food Industry. Pakistan Journal of Food Sciences,
6 (3-4), 85-88.

13. Tomotake, H., I. Shimaoka, J. Kayashita, M. Nakajoh and N. Kato, 2002.
Physico-chemical and functional properties of buckwheat protein product. Journal of
Agricultural and Food Chemistry, 50, 2125-2129.

14. Toshkov, N., 2011. Study of extrusion process for the preparation of food for
carp (Cyprinuscarpio L.). Dissertation, University of Food Technologies, Plovdiv,
Bulgaria (Bg).

276



Journal of Mountain Agriculture on the Balkans, 2018, 21 (1), 277-285
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

TeKCTypeH aHa/IM3 Ha nunep

MBaH Bakanos, 3gpaBko MaHeB*, Togopka NeTpoBa, MuneHa PyckoBa,
KpuctnHa ViBaHoBa, MNabop >XnsaHoBu4

VIHCTUTYT 3a nscrnefBaHe v pa3suTue Ha xpaHnTe, 4000 MNnosaus, Bvnrapus

Texture analysis of pepper

Ivan Bakalov, Zdravko Manev*, Todorka Petrova, Milena Ruskova,
Kristina lvanova, Gabor Zsivanovits

Food Research and Development Institute, 4000 Plovdiv, Bulgaria

*Email: docent_manev@abv.bg

Received: 17.04.2018

PE3IOME

MpoBegeHN ca ekcnepuMMeHTN 3a
uscnefBaHe BAUSIHMETO Ha TOM/IMHHaTa
06paboTKa N XMMUYHUSA CbCTaB Ha 3a/InB-
KaTa BbpXy TeKcTyparta Ha neyeHa 6ere-
Ha kanusa (ctepunusnpaHa). OT nposege-
HWUTE ONWUTK Ce YCTaHOBM, Ye ToN/MHHaTa
06paboTKa Ha nunepa BAMUsie 3HAYUTESTHO
BbpPXy cuniaTa Ha paskbcBaHe. [Npu yBe-
NMyaBaHe BPEMETO Ha cTepunmusaums Ha
ninepa cunara Ha paskbCBaHe Hamans-
Ba. HannumneTto Ha oueTHa KucesmHa B 3a-
/IMBKaTa BNuUsie OTpPULATESIHO Ha Peoso-
TMUYHNUTE XapakKTePUCTMKN Ha nunepa.

KntovoBu aymun: TEeKCTYpeH
aHanus, TEXHO/0rM4yHa 0bpaboTka,
nunep, CypoB, NeYeH, CTEPUIN3NPaH

YBO/[,

Munepst (Capsicum annuum) e
MHOrOroMLLIHO 3€/1IeHYYKOBO pacTeHue oT
cemelicTBO kapTodhoBK, KOETO ce OTriexaa
06WKHOBEHO KaTo efHoroaunwHo. PoamHa ca
My TPOMUYeCcKUTe YyactTu Ha Amepuka. PoaobT
Capsicum ce cbctom ot 20 go 27 Buga
(Walsh and Hoot, 2001), oT kouTOo 5 ca
JomMalHo kyntusmpaHn — C. annuum, C.
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SUMMARY

Experiments were carried out to
study the influence of the heat treatment
and the chemical composition of marinate
on the texture of peeled roasted red
pepper (sterilized). It was established that
the heat treatment significantly affects the
rupture force of the sterilized pepper. The
rupture force of the pepper decreases as
the sterilization time increases. It was
found that the presence of acetic acid in
marinate affects negatively the rheological
characteristics of the sterilized pepper.

Key words: texture
technological processing,
roasted, sterilized

analysis,
pepper, raw,

INTRODUCTION

Pepper (Capsicum annuum) is a
perennial vegetable plant of the potato
family, which is usually grown as one-
year. Its native land is the tropical parts of
America. The genus Capsicum consists of
20 to 27 species (Walsh and Hoot, 2001),
of which 5 are home-grown — C. annuum,
C. baccatum, C. chinense, C. frutescens,
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baccatum, C. chinense, C. frutescens un C.
Pubescens (Heiser and Pickersgill, 1969).
MnoposeTe moraT fa BapvpaT 3HAaYUTENHO
no uBsAT, dopma U pasmep, Kakto WU
nomexay cu (Eshbaugh, 1975).

MunepbT ce Hapexaa Ha NeTo MACTO
cpepf, 3e/ieHyyuuTe B CBeETa MO MPOU3BOA-
CTBO U NO NMOL, a Yy Hac — Ha BTOPO MSICTO
cnep kaptouTe. 3HaYeHNETO 3a YoBeKa ce
OBb/DKN Ha LEHHUTE XpaHUTESTHU U BKYCOBM
KayecTBa Ha MNofoBeTe My, U3TOYHULUM Ha
BUTAMWHU, HA OpraHW4yHW KUCENVHU, Ha 3a-
Xapu, Ha eTepryHo N pacTUTesIHO Macso —
oneopesnH, Ha anikasouga KarcauuuH,
KOTO e ,BUHOBEH" 3a NI0TMBMHATA Ha HAKOU
copToBe nunep.

MunepsT e 6orat Ha BUTaMuHM — C,
P, A, B, E, nonudeHonu, kapoTteHougu
(Almela et al., 1991; Cervantes-Paz et al.,
2014; Collera-Zuafiiga et al., 2005; Giuffrida
et al. 2013; Guil-Guerrero et al., 2006).
CopToBeTe nunep ce AensAT Ha ABe rpynn —
cnagkm wn mwotmen. o cbabpxaHue Ha
BuTamnH C cnagkute nunepy npesullaBaT
4-5 NbTN NNMOHNTE N NOPTOKA/INTE U BCUY-
K/ 3eneHuyuun. Te Mmar nosedye 3axapu U
Nno-mMasiko KarcauumH, OTKOJIKOTO NI0TUBUTE
nunepu. MNaogoBeTe Ha nunepa cbabpxaT U
MHOro 6arpwnia — /IMKONeH, KapoTuH, PYTUH
W 4p., KOUTO MMaT M3Pa3eHO aHTUOKCUAAHT-
Ho pgewncTeue (Kothari et al.,, 2010; Topuz
and Ozdemir, 2007). JINKONEHBbT € B rpaHu-
umte ot 0,18 ao 0,36 mg% B 3aBUCMMOCT OT
copta (Arimboor et al., 2015). EgHa 3eneHa
yylwika Moxe pAda ocurypu po 8% o1
NPenopbYNTEeNIHNA  OHEBEH nNpueM  Ha
ButamMmH A, 180% ot ButamuH C, 2% ot
Kanumsa n 2% ot xenasoto (Howard et al.,
2000; Mateos, 2006; Palma et al., 2009;
Marti et al., 2011; Palma et al., 2011).

B bbwarapua nunepbT e efgHa oT
OCHOBHWTE 3e/IeHYYKOBU KyNnTypu. MNunepsT
yyacTBa B CbCTaBa Ha [0CTa aCoOpTUMEHTH:
CTepunnM3npaHn KoHcepsu (neveHa 6GeneHa
Kanus, MapvHOBaHV NUMNepku, canatu, mbi-
HEHW NUMNEepKn 1 Ap.), TYpLWnn, CyLLieH Yyep-
BEH nunep, MOTEHMLA, 3aMpa3eHn XpaHu K
ap. MunepsbT, KONTO ce oTrnexga B CBETO-
BeH Maliab ce usnonssa M kato hapma-
LEeBTUYHA CbCTaBKa, eCTeCTBEH XpaHuTeseH
ouBeTUTEN WM apomMaTmsaTop, 3apagu CBOS
aTpakTuBeH LBAT M Bkyc (Sitthiwong et al.,
2005; Ornelas-Paz et al., 2010).

and C. pubescens (Heiser and Pickersgill,
1969). Fruits can vary greatly in colour,
shape and size as well as among
themselves (Eshbaugh, 1975).

Pepper ranks fifth among the
vegetables in the world by production and
area, and in Bulgaria — second place after
the potatoes. The importance for man is
due to the valuable nutritional and taste
qualities of its fruits, sources of vitamins,
organic acids, sugars, essential oil and
vegetable oil - oleoresin, alkaloid
capsaicin, which is "guilty" for the
peppermint of some pepper varieties.

Pepper is rich in vitamins — C, P, A,
B, E, polyphenols, carotenoids (Almela et
al., 1991; Cervantes-Paz et al. Guil-
Guerrero et al.,, 2006). The pepper
varieties are divided into two groups -
sweet and hot. By content of vitamin C
sweet peppers exceed 4-5 times lemons
and oranges and all vegetables. They
have more sugars and less capsaicin than
cucumbers. The fruits of the pepper also
contain many dyes — lycopene, carotene,
routine, etc., which have a pronounced
antioxidant effect (Kothari et al., 2010;
Topuz and Ozdemir, 2007). Lycopene is
in the range of 0.18 to 0.36 mg%
depending on the variety (Arimboor et al.,
2015). A green pepper can provide up to
8% of the recommended daily intake of
vitamin A, 180% of vitamin C, 2% of
calcium and 2% of iron (Howard et al.,
2000; Mateos, 2006; Palma et al., 2009;
Marti et al., 2011; Palma et al., 2011).

In Bulgaria, pepper is one of the
main vegetable cultures. Pepper is part of
many assortments: sterilized canned
foods (roasted peeled peppers, marinated
peppers, salads, stuffed peppers, etc.),
pickles, dried red pepper, chutney, frozen
foods and more. Pepper cultivated
worldwide is also used as a
pharmaceutical ingredient, a natural food
colouring agent and flavouring because of
its attractive colour and taste (Sitthiwong
et al., 2005; Ornelas-Paz et al., 2010).
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3a XpaHuUTesIHUTEe MPOAYKTU TEKCTY-
pata e efHa OT Hali-BaXHUTe xapakTepuc-
TMKKN. ToBa e 0bLa oueHKa 3a BbHLIHUTE Y
BbTPELIHN MapaMeTpu Ha XpaHUTeNnHute
mMaTtepuanu, KouTo ce onucear Hali-gobpe
OT HawwuTe BbL3NPMATUA (ycellaHus) C o4mn-
Te, HOCa, NpbCTUTE, ycTara, 3bLouTe, esnka,
ylimTe 1 rbpaoto. Tesn napameTpu morat
Aa 6bAaT nonyyeHn Ypes CEeH30pHW aHauv-
31 UAM C nomowiTa Ha WHCTPYMEHTasIHU
mMeToam (Zsivanovits and lIserliiska, 2011).
YecTa npuyvHa 3a U3MEPBAHETO UM MOXE
ha 6bhe oTKkpuTa B 06/1acTTa Ha KayecTBe-
HUS KOHTPON B MpoLeca Ha NPoM3BOACTBOTO
Ha MHOTO BMZOBE XpaHUTEsSTHU NPoayKTW. Te
MoraT ga gagart o6ekTvBHa OLeHKa 3a nose-
[JEHVETO Ha NpoayKkTuTe cnepf TaxHaTta Tep-
MWYHa, XMMUYHA NN MexaHuyHa obpaboTka.

Llenta Ha HacToALWeETO U3c/enBaHe
e [a Ce M3BbLPLWN TEKCTYpPeH aHa/n3 Ha
nunep npu  pasfIMyHN  TEXHOSIOTUYHU
06paboTKu.

MATEPVAT N METOOU

B HacTtoAweTo wu3cnegBaHe ca
n3non3eBaHu 4YepBeHn u4yllkm (Capsicum
annuum), 3akyneHu ot  dwmpma ET
Jnactuka-85 HeHko PageB” - rp. CafoBo.

MunepbT ce nopgjsara Ha cnegHuTe
TEXHOMIOTUYHN  Onepauuu: NHCMeKums,
KasimbpupaHe, NOYUCTBaAHE Ha CEMEHHMKA,
neyeHe (B TepMOTYHEN npu Temnepatypa
650 + 700°C 1 BpeMe 3a NnpecToli B TyHena
ot 40 fo 65 s B 3aBMCMMOCT OT efpuHata
Ha nunepa), WHCNEeKuus, OoTCTpaHsBaHe Ha
KoXuuara, Mb/IHEHE B CTHKEHW ONaKOBKA W
3aMBaHe C ropella 3a/MBKa, 3aTBapsiHe,
cTepunu3auma (B aBTOKNaB CTepuaM3aTtop
ACXE (908-CH-450), npoussegeH oT dampma
XAPOMNACT®OPM OO/, - rp. XackoBo).

MeuyeHn 6eneHn nunepku ca MNpowus-
BeZleHV B CNieiHUTe BapuaHTu:

- Npu Temneparypa Ha cTepunusaums
100°C 1 BpeMe Ha CbLUMHCKa CTepunmnsaums
10, 12 n 15 min;

- Npu  pasinyeH CcbCTaB  Ha
3anmBkaTa: npoba 1 (PO1) — roTBapcka con
(3%), 3axap (4%), /MMOHEHa KucenuHa
(0,5%) n kanumes guxnopug, (0,35%); npoba
2 (P02) — rotBapcka con (3%), 3axap (5%),
oueTHa kucenmHa (1%) w©  kanuues
anxnopug  (0,35%); npoba 3 (P0O3) —

For food products the texture is one
of the most important features. Tits is a
general assessment of the external and
internal parameters of nutrients that best
describe our perceptions of eyes, nose,
fingers, mouth, teeth, tongue, ears and
throat. These parameters can be obtained
through sensory analyzes or using
instrumental methods (Zhivanovic and
Iserliyska, 2011). A frequent reason for
measuring them can be found in the area
of quality control in the production of
many types of food products. They can
give an objective assessment of the
behaviour of the products after their
thermal, chemical or mechanical
treatment.

The aim of the present study is to
perform a texture analysis of pepper in
various technological processes.

MATERIAL AND METHODS

In the present study, red peppers
(Capsicum annuum), purchased from the
company "Plastika-85 Nenko Radev" -
Sadovo were used.

Pepper is subjected to the following
technological  operations:  inspection,
calibration, seed cleaning, roasting (in a
thermotune at a temperature of 650 + 700°C
and a tunnel time of 40 to 65 s depending
on the size of the pepper), inspection, skin
removal, filling in glass packaging with hot
marinate, closing, sterilization (in autoclave
ACXE sterilizer (908-CH-450) manufactured
by HYDROPLASTFORM LTD - Haskovo).

Baked peeled peppers are
produced in the following variants:

- at a sterilization temperature of
100°C and a real sterilization time of 10,
12, and 15 min;

- with different marinate
composition: sample 1 (P01) — culinary
salt (3%), sugar (4%), citric acid (0.5%),
and calcium dichloride (0.35%); sample 2
(PO2) — culinary salt (3%), sugar (5%),
acetic acid (1%), and calcium dichloride
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rotBapcka con (3%), 3axap (4%) wu
NMMoHeHa kucenuHa (0,5%); ctepunusupa-
HW NpY eMH 1 CbLUM pexunm (Temneparypa
Ha cTepunusayma 100°C un Bpeme Ha
CbLUMHCKa cTepunusaums 12 min).

3a aHanM3MpaHe TekcTypata Ha
nunepa ce wmsnonssa TA.XT Plus Texture
Analyser, Stable Micro Systems B peXxum Ha
efHoocHa pedhopmaums, nNpyv NOCTOAHHA
CKOPOCT Ha aechopmaumsa ot 2 mm/s, KaTo e
M3NoN3BaHo  &lyMVWHUEBO  LUINHOPUYHO
6yTano c gnametbp 5 mm. MpoBegeHn ca
MUHUMYM 5 u3MepBaHusa Ha 5 pasivyHu
NOJIOBMHKM OT BCSIka npoba nunep.

PE3YJITATN N OBCb)XXAAHE

Hail-MHOro TekCTypHU napameTpu
Morat ga 6baaT nosydyeHn npu n3nonssa-
He Ha Pas/INYHM UHCTPYMEHTU UN PEXMN-
MW Ha TEKCTYpEeH aHanm3aTop. TekCTypeH
aHanuzatop  (TAXT Plus  Texture
Analyser, Stable Micro Systems) e
M3MoM3BaH Mpu u3cnedBaHe BAUSHUETO
Ha OMpeXBalusi areHT BbpXy npoueca Ha
XeneobpasyBaHe Mpu HUCKO ecTepudin-
umpaH nektnH (Marudova et al.,, 2009).
Hamupa npunioxeHve u npu usydyaBaHe
PEeoNornyHMTE CBOMCTBA HA MHOMOC/IONHN
nepsim OT XWUTO3aH W Kana-kapareHaH
(Marudova and Zsivanovits, 2009). Tekc-
TYpEeH aHa/M3aTtop € W3nos3BaH M 3a
onpefensHe TBbPAOCTTA Ha pasNyHU
ekctpypatn (Petrova, 2011; Ruskova,
2014 ; Bakalov, 2016; Ivanova, 2017).

Ha ®wurypa 1 ca nokasaHu nsmeHe-
HUATA B CTOMHOCTMTE Ha Cua Ha paskbe-
BaHe M gechopmauns npu pasnuyHa Tex-
HonornyHa obpaboTka Ha nunep. OT npo-
BeLleHUTE eKCNepuMEHTH ce YCTaHOBMK, Ye
Hai-ronsiMa CTOMHOCT Ha cunaTa Ha pas-
KbCBaHe UMaT CypoBUTE YYLLKW, A0KaTO
CYpOBMHMTE,  MpeTbpnenu  TOM/IMHHA
06paboTka MMart no-HUcCKa cuna Ha pas-
kbcBaHe. OT ourypata ce BWxAaa, 4e cu-
nata Ha pasKbCBaHe npuv CTepunansmpaHu-
T€ YYLIKN € MO-HMCKa B CPaBHEHUE C Tasu
Ha neyeHmTe. TO3n pe3ynTar ce 0b6ACHA-
Ba C pakTa, Ye CTepUIM3NPaHUAaT nunep e
npeTbpnAa nocneggalia TonavHHa obpa-
60TKa (cTepunusaums). OT cbwaTa durypa
MOXe [ia Ce 3ak/oun, Ye HIMa 3HAUYUTESTHU

(0.35%); sample 3 (PO3) — culinary salt
(3%), sugar (4%), and citric acid (0.5%);
sterilized in the same mode (sterilization
temperature 100°C and actual sterilization
time 12 min).

To analyze the texture of the pepper,
TA.XT Plus Texture Analyzer, Stable Micro
Systems was used in uniaxial deformation
mode, at a constant deformation rate of 2
mm/s, using an aluminum cylindrical piston
5 mm in diameter. A minimum of 5
measurements were made on 5 different
halves of each pepper sample.

RESULTS AND DISCUSSION
Most texture parameters can be
obtained using different texture analyzer
tools or modes.

Texture analyzer (TA.XT Plus Texture
Analyzer, Stable Micro Systems) was
used to study the influence of the
crosslinking agent on the process of iron
formation in low esterified pectin
(Marudova et al., 2009). It is also used in
studying the rheological properties of
multilayer beads of chitosan and kapa-
carrageenan (Marudova and Zsivanovits,
2009). A texture analyzer was also used
to determine the hardness of various
extrudates (Petrova, 2011; Ruskova,
2014; Bakalov, 2016; Ivanova, 2017).

Figure 1 shows the variations in the
rupture force and deformation values of
different processing of pepper. From the
experiments conducted, it was found that
the highest value of the rupture force has
the raw peppers, while the raw materials
that have undergone heat treatment have
lower rupture strength.

The figure shows that the rupture strength
of sterilized peppers is lower than that of
roasted peppers. Tits result is explained
by the fact that the sterilized pepper has
undergone a subsequent heat treatment
(sterilization). From the same figure it can
be concluded that there are no significant
changes in the values of the rheological
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NPOMEHU B CTOMHOCTUTE Ha PEosorNYHUS
napameTbp [JedopMauusi npu pasMyHUTe

TEXHO/I0rM4yHM 06paboTKMN Ha nunepa.

parameter deformation in the various
technological processes of the pepper.

CypoBu yyiwikw / Raw pappers

20

4

Cuna Ha paskkceade, M/ Rupture force, M

4 Crepu

MeygHu yywewn / Roasted peppers

SUpaHn yywen ! Sterilized peppers

10 15

Aedopmauna, mm / Rupture deformation, mm

dur. 1. CTpyKTYpHO-MEXaHNYHM CBOWCTBA Ha nurnep
Fig. 1. Structure-mechanical properties of pepper

Ha ®urypa 2 e nokasaHo M3MeHe-
HMETO Ha cwiata Ha pasKbCBaHe U
JedhopmaumsAta npy  egHa ¥ cbla
Temnepatypa Ha ctepunusaums (100°C)
W pas/iyHn BpemMeHa Ha ChbLUMHCKa
crepunmzaymsa (10, 12 n 15 min). Mpu
efiHa 1 cblla TemnepaTypa Ha CTepuiu-
3aums  c yBefMyaBaHe BpemMeTo Ha
CbLUMHCKa CTepuaM3auns cunara Ha pas-
KbCBaHe HaMmasifiBa, fJokato gedopma-
uusAta ce  MNPOMEHA  He3HauuTesiHO
(Purypa 2). C yBenvMyaBaHe Ha BpeMeTo
Ha cTepunmsaums oT 10 Ha 12 min
cunata Ha paskbCBaHe Cce TMOHMKasa
okosno 0,7 mbTWM, a npu ysBenuyasaHe
BPEMETO Ha CbLUMHCKaTa cTepuamsaums
oT 12 Ha 15 min cunaTa Ha paskbCBaHe
Ce MNoHmxaBa 0K0J10 2,6 NbTU.

Figure 2 shows the variation of
rupture force and deformation at the
same sterilization temperature (100°C)
and different times of actual sterilization
(10, 12, and 15 min).

At the same sterilization temperature as
the actual sterilization time increases, the

rupture force decreases until the
deformation  changes insignificantly
(Figure 2).

As the sterilization time increases from 10
to 12 min, the rupture force decreases
about 0.7 times, and when increasing the
actual sterilization time from 12 to 15 min,
the rupture force decreases about 2.6
times.
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Crepunuaauun - 15

Cuna Ha paakbceane, M/ Rupture force, M

CTepunusauna - 10 muH. (100=C) / Sterilization - 10 min. (100=C)

W3aUMA - 12 MuH. (100=C) / Sterilization - 12 min. {100=C)

WWH. (100=C} / Sterilization - 15 min. (100=C}

3

1d

bt
LA

Oedopmauna, mm f Rupture deformation, mm

®ur. 2. CTPpYKTYpHO-MEXAHUYHM CBOWCTBA Ha NMUMEpP MpU Pas/IMUyHM PEXUMM Ha

cTepunsauns

Fig. 2. Structure-mechanical properties of pepper under different sterilization

regimes

Ha ®urypa 3 e gageHo u3MeHeHNeTo
Ha cunata Ha paskbcBaHe W AedopMauus
Ha nedyeHa 6eneHa kanus (ctepunanpaHa)
C pas/MyeH cbCTaB Ha 3anumBkata. B
pesynrart Ha NpoBefeHNTe eKCNepumMmeHTn
nosyyeHuTe pesynrtatu ce yCTaHOBU, Ye
CTOHOCTUTE 3a Cuna Ha pasKkbCBaHe U
pecdopmauuss Ha npoba P02 (3anmBka,
cbAbpXalla cos, 3axap, oueTHa KucenvHa
W Kanuves Aux0puA) ca MNO-HUCKA B
cpaBHeHue ¢ Te3n Ha P01 (3asiMBKa, Cbabp-
Xala con, 3axap, /IMMOHeHa KucenuHa u
Kanumes gauxnopua) u P03  (3anmBkKa,
cbabpxalla cosl, 3axap W JIMMOHeHa
KucenmHa). ToBa BEpOATHO Ce Ab/DKU Ha
M3Non3BaHeTo Ha oueTHa KucenvHa B
3a/MBKaTa, KOATO NPoABABa pa3pyLunTesneH

In Figure 3 is shown the change in
the rupture force and deformation of
roasted peeled pepper (sterilized) with
different marinate composition. As a result
of the experiments performed and the
results obtained, it was found that the
values of the rupture force and deformation
of sample P02 (a marinate containing salt,
sugar, acetic acid, and calcium dichloride)
were lower compared to P01 (a marinate
containing salt, sugar, citric acid, and
calcium dichloride) and PO3 (a marinate
containing salt, sugar, and citric acid).

Tits is probably due to the use of acetic acid
in the marinate, which has a devastating
effect on the pepper texture. The deflection
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edpekT BbpXy TekcTypata Ha nunepa.
Lecopmayusta npu npoba P03 e Hai-
ronsaMma. Toea 6u MOI0 ga ce 06sCHM C
(pakta, 4e B 3anumBkata Ha P03 HaAma
[oGaBeH Kanuues Auxsopua, KoiTo pa
NnoB/IMsie Ha eflacTMYHOCTTa Ha nunepa.

of sample P03 is greatest. Tits could be
explained by the fact that no calcium
dichloride has been added to the PO3
marinate to affect the elasticity of the

pepper.
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®ur. 3. CTPYKTYpPHO-MEXAHWYHU CBOWCTBA Ha MUMep Mpu pas/iMyeH CbCTaB Ha

3aJinBKata

Fig. 3. Structure-mechanical properties of pepper in a different composition of

the marinate

N3BOAN

MpoBeaeHN ca eKcnepumeHTu 3a
nuscnefBaHe B/VMSIHUETO Ha TOM/IMHHATA
06paboTKa U XMMUYHMSA CbCTaB Ha 3a/MB-
KaTa BbpXy TeKCTypaTta Ha neyeHa bene-
Ha kanus (CTepunusnpaHa). YcTaHoBU Ce,
ye TON/MHHaTa 06paboTka Ha nunepa
BOAW [0 HamasisiBaHe Ha cwuiata Ha
paskbcBaHe. BpeMeTo Ha cTepuinsauus
OokasBa CblLUECTBEHO B/IMSIHUE BBPXY
cunata Ha paskbCBaHe W He3HaYMTesHO
BNMsie BbpXy Aechopmaymusita. Hannumeto
Ha oueTHa KucenvHa B 3asiMBkaTta BoAU

CONCLUSIONS

Experiments were carried out to
study the influence of the heat treatment
and the chemical composition of marinate
on the texture of roasted peeled pepper
(sterilized). It has been found that the heat
treatment of the pepper results in a
reduction in rupture force. Sterilization
time has a significant effect on the rupture
force and has little effect on deformation.
The presence of acetic acid in the
marinate results in deterioration and in
calcium dichloride — to improve the
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[0 BfnowasaHe, a Ha kanuues amxnopug — | rheological characteristics of the sterilized
[0 nogobpsABaHe PEOSIOTMYHUTE XapakTe- | pepper.
PUCTUKM Ha CTepUIN3NpaHna nunep.
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PE3IOME

lMpoBefeHn ca onuTK 3a CpaBHA-
BaHe Ha CEH30pHU U (PU3UKOXMMUYHM Xa-
PaKTEPUCTMKM Ha TPaauLMOHHA NIOTEHU-
ya (tmn ,ObukHoBeHa") M oborateHa c
eKcTpyAatn oT MasuoBu TpUUM U MOPKO-
Bu. OT NpoBegeHNTE ONUTK 1 NOJTyYeHUTE
pesyntatu ce ycTaHoBW, 4ye oborareHarta
NOTEeHNLa ce xapakTepuaupa ¢ no-TbMeH
UBAT, MNO-NbTHA KOHCUCTEHUMS WU MoO-
BMCOKO CbAbpXaHwe Ha obuwm cnbpu B
CpaBHEHMEe C npuroTBeHara no Tpaau-
LUMOHHa peuenTa. [Jo6aBeHuTe OyHKUMO-
Ha/IHA KOMMOHEHTU (ekcTpyaaTu OT man-
LOBM TpUUM M MOPKOBW) B JilOTeHMUATa
nosuasaT NoTeHUManHuTe 34paBoC/ioB-
HM MON3K Ha MPOAYKTA U Bb3MOXHOCTTA My
3a peasimsaums Kato (PyHKUMOHa/IHA XpaHa.

Kntowosn  gymu: nTeHnua,
oborateHa, MaLOBX TpULW, CEH30peEH
aHann3, PU3NKOXMMUYEH aHan3
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SUMMARY

Experiments were carried out to
compare the sensory and
physicochemical characteristics of

traditional "Lutenitza" ("Ordinary" type)
and "Lutenitza" enriched with extrudates
of brewer's spent grain and carrot. From
the experiments and the results obtained,
it has been established that the enriched
“Lutenitza” is characterized by a darker
colour, higher total fibre content and
texture is thicker compared to the
traditional recipe. The added functional
components (extrudates of brewer’s spent
grain and carrot) in the products increase
the potential health benefits and its
possible application as a functional food.

Key words: “Lutenitza”, enriched,
brewer‘s spent grain, sensory analysis,
physicochemical analysis
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JloTeHnyaTa e HaTypajieH XpaHu-
TeneH NpoayKT, KOWTO npucbkCcTBa B GuTa
Ha Obarapckus Hapog M e TPaAWUUMOHHO
ACTMe 3a Objrapckara KyxHs. [NpuroTes
Ce OCHOBHO OT CMJ/IeHW, OBWKHOBEHO
neyeHW uYepBeHW nunepku (NUNepkoBo
nope), gomaTtn (4OMaTeHo Mpe), MHOro
yecto ¢ gobaBka Ha natnamkaHu u Mop-
KOBW. Hanuumeto Ha ecTecTBeHW nopg-
npaBKu, cpeg, KOUTO Hali-BaXHU ca KUMUO-
HBbT U YepHUs Munep, onpegens MuKaHT-
HUS BKYC Ha JTeHuuata. McTuHckata
NOTEHNLA, OCBEH Ye € MHOTO BKYCHa, € 1
nosesHa, 3awoTo ce 3anas3Bar Ao roasmMa
CTENEeH XpaHuTe/IHMTE CBOWCTBaA Ha
CbAbpXaluTe ce B Hes JOMaTN U YYLLKH,
natnagkaHv 1 MOPKOBMU.

Fonsma yacT oT 6barapckoTo Hace-
NleHne KoHCyMmpa passimyHu BUAoBeE fio-
TeHnun. OcobeHo ronsaM KoHcymaTop Ha
TO3M NpoAaykT B Bwarapusa ca nogpacrsa-
wMTe pgeua. KayectBoTo M LeHaTta Ha
NOTEHNUMTE Cce onpegens QAo ronsama
CTeneH OT TEXHUSI XMMUYEH CbCTaB. ToOW
Bapupa B LUMPOKU FpaHnLM B 3aBUCUMOCT
OT BMAa Ha NwTeHuuatra un dupmata
npoussoguTen. Peguua wscnegsaHusa y
Hac npes nocnefHuTe gecetuneTus onpe-
[enaT XpaHeHeTo Ha HaceneHueTo KaTo
He3paBOC/IOBHO, KOETO ce oTpassiBa Ha
OvHamukaTa Ha 3abosieBaemocTTa MU
CMBPTHOCTTA OT XPOHUYHW HEVHEKLMNO3-
HKM 6osiecTn B cTpaHaTa. To ce acouyuunpa
C TeXKn 60/1eCcTn Ha OopraHuTe Ha KpbBO-
ob6palleHNeTo, HSKOW BMAOBE pak, Ana-
6eT TMn 2, 60M1ecTn Ha XpaHocMmunarten-
HaTa cuctema u gp. Cunta ce, 4e OCHOB-
HUTE XapakKTepUCTUKX, Onpeaenswm xpa-
HEHEeTO KaTo He34paBOC/IOBHO, ca ABe: OT
efHa CcTpaHa BMWCOKa KOHCyMauus Ha
MasHWHKU, CON M1 3axap, OT Apyra — HUCKa
KOHCYyMauuMsa Ha nnogoBe U 3e/eH4Yyuum
(Petrova et al.,, 2000; Petrova, 2004;
Petrova and Altinkova, 2004). XpaHuTenHa-
Ta VHAYCTPUS MOXe Aa [OMpuHece MHOro
3a Cb3faBaHETO Ha 3[4pPaBOC/IOBEH MoAen
Ha XpaHeHe kaTo pechopmympa NPoayKTuTe
CW U Cb3aafe HOBU acCOPTUMEHTM, KOUTO OT-
roBapsT Ha U3MUCKBaHMSATa 3a 34PaBOC/IOBHO

INTRODUCTION

“Lutenitza” is a natural food product
that is present in the life of the Bulgarian
people and is a traditional dish for
Bulgarian cuisine. Prepared mainly from
ground, roasted red peppers (pepper
puree), tomatoes (tomato purée), very
often with eggplant and carrots. The
presence of natural spices, among which
the most important are cumin and black
pepper, determines the spicy flavour of
the “lutenitza”.

Natural “lutenitza”, in addition to being
very tasty, is also useful because it
preserves to a large extent the nutritional
properties of the tomatoes and peppers,
eggplants and carrots.

A large part of the Bulgarian
population consumes different types of
“lutenitza”. Especially large consumers of
this product in Bulgaria are teenage
children. The quality and price of
“lutenitza” is largely determined by their
chemical composition. It varies widely
depending on the type of the “lutenitza”
and the manufacturer. Numerous studies
in our country over the last few decades
have identified the diet as unhealthy,
which reflects the dynamics of morbidity
and mortality from chronic noninfectious
diseases in the country.

It is associated with severe circulatory
diseases, some cancers, type 2 diabetes,
digestive diseases, etc. It is believed that
the main characteristics defining nutrition
as unhealthy are two: on the one hand
high consumption of fat, salt and sugar,
on the other hand - low consumption of
fruits and vegetables (Petrova et al.,
2000; Petrova, 2004; Petrova and
Altinkova, 2004).

The food industry can greatly contribute to
creating a healthy eating model by
reforming its products and creating new
assortments that meet the requirements
of healthy eating (Tungland and Meyer,
2002; Santos and Silva, 2011). There are
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xpaHeHe (Tungland and Meyer, 2002;
Santos and Silva, 2011). Vima npoaykTw,
KOWTO C Masika NMpoMsiHa B CbCTaBa Morat
[la Npuao6usaT No-nonesHn CBoicTBa.

B gHewHo Bpeme ce o6pbla ce-
PMO3HO BHMMaHWEe He camMo Ha XpaHuTen-
HaTa CTOMHOCT Ha NPOAyKTUTE, HO U Ha
TexHuTe OyHKLMOHaIHW KavecTBa. B ToBa
OTHOLUEeHMe MasiLoBuUTe TPULUM MMat 0oco-
6€eHO MSCTO B MPOM3BOACTBOTO Ha (PYHK-
LUMOHA/THN XpaHW. CbCTaBbT Ha MasILLOBU-
Te TpUUM He e MOCTOSIHEH, HO BUHAaru
BK/THOYBA BMCOKO CbAbpXaHWe Ha AMeTny-
HU onbpKn, 6eNTbUYNHN, eCEHLMaTHN aMu-
HOKUCENNHW, 3HAYUTESTHO KOJIMYECTBO MU-
HepasTHU BeLLeCTBa, NOMGIEHONN, BUTA-
MUHU 1 Ma3HUHKM (Mussatto et al., 2006).
ManoBuTe TpUUM ca M3TOYHWK Ha npwu-
pogHn aHTuokcupaHtn (Moreira et al.,
2013), koMTO Noao6psiBaT Ka4ecTBOTO Ha
XpaHuTe. BUCOKOTO XPaHUTESTHO CbAbpXa-
HVWE Ha Ma/lLoBMTE TPULM TV NpaBu MOTEH-
LpasiHa CypoBuHa 3a go6aBsiHe KbM CMECH
3a ekcTpygupaHe. lMNonyyeHuTe ekcTpygatu
C Ma/LoBM TPULM ca NO-34PaBOC/IOBHU U
Morat fa ce u3nonssaT kKato npodmniak-
TnYHM npoaykTn (Ainsworth et al., 2007).

EkCTpyampaHeTo e CMoXeH MpoLec,
npv KOWTO NpOAYKTbT Ce nogsara Ha
KOMOMHUPAHOTO Bb3AENCTBME Ha Temme-
patypa, Bnara, HansaraHe M CuUAn Ha
cpAsBaHe. Ypes ekcTpy3us ce nosiyyasart
pasnuuHm  npogyktn  (Nenov, 2007;
Toshkov, 2011; Petrova, 2012).

TepmMnyHMTE 06paboTKM morat ga
NOBMUAAT 3HAYMTENIHO BbPXY XUMUYHUSA
CbCTaB 1 (PM3MYHUTE CBOWNCTBA Ha XpaHu-
TenHuTe BrakHuHW (Bjorck et al., 1984).
EkcTpy3usita BoAM [0 HapacTBaHe Ha
KO/INYECTBOTO Ha pa3TBOPUMU BAAKHUHU
(Lue et al., 1991; Rinaldi et al., 2000;
Vasanthan et al., 2002; Céspedes et al.,
2005), BcneacTene MexaHW4YHO pasKbCBa-
He Ha rnmkosngHuTe Bpb3ku (Lue et al.,
1991). B gpyru cnyyam HapacTBa M KONu-
4eCcTBOTO Ha Hepas3TBOPMMUTE KOMMOHEH-
™ (Unlu and Faller, 1998; Vasanthan et
al., 2002), koeTo MOXe Aa ce Ab/MKM Ha
ABa dhakta: 1) xenatmHmsauusa N Oekc-
TpuHM3auma Ha ckopbsanara (Unlu and
Faller, 1998) n 2) MaiiapgoBaTta peakuus

products that with little change in
composition can acquire more useful
properties.

Nowadays, not only the nutritional
values of the products but also their
functional qualities are taken into
consideration. In this respect brewer‘s
spent grain has a special place in the
production of functional foods. The
composition of brewer‘s spent grain is not
constant but always includes a high
content of dietary fibre, protein, essential
amino acids, a significant amount of
minerals, polyphenols, vitamins and fats
(Mussatto et al., 2006). Brewer‘s spent
grain is a source of natural antioxidants
(Moreira et al., 2013), which improve the
quality of food. The high nutritional
content of brewer‘s spent grain makes
them a potential raw material for adding to
extrusion mixtures. The resulting malt
extrudates are healthier and can be used
as prophylactic products (Ainsworth et al.,
2007).

Extrusion is a complex process in
which the product is subjected to the
combined effects of temperature,
moisture, pressure, and shear forces.
Through extrusion different products are
obtained (Nenov, 2007; Toshkov, 2011,
Petrova, 2012).

Thermal treatments can
significantly affect the chemical
composition and physical properties of
dietary fibre (Bjorck et al., 1984).
Extrusion leads to an increase in the
amount of soluble fibres (Lue et al., 1991,
Rinaldi et al.,, 2000; Vasanthan et al.,
2002; Céspedes et al., 2005), due to
mechanical breakage of glycosidic
linkages (Lue et al., 1991).

In other cases, the amount of insoluble
components increases (Unlu and Faller,
1998, Vasanthan et al., 2002), which may
be due to two facts: 1) gelatinization and
dextrinization of starch (Unlu and Faller,
1998), and 2) Maillard reaction (Esposito
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(Esposito et al., 2005).

Llenta Ha HacTosLeTo n3cnegBaHe
€ [a ce Hanpasu cpaBHUTENIEH (PU3NKOXN-
MUYEH W CEH30PEH aHa/nM3 Ha Tpagu-
LUMOHHA NioTeHuua n oborateHa ¢ qoyHkK-
LMOHA/THN KOMMOHEHTW.

MATEPWNAN N METO4WA

B HacToswara crtatusa ca M3nons-
BaHM [Ba BuAa JIHOTEHMUU, @ WMEHHO
oborateHa u TpaguuuoHHa (npow3sBegeHa
no TW Nelll-09/1974). B o6oraTeHata
noTeHnya ca AobaBeHV [OMbAHUTESTHO
12,9% wmopkoBu un 2,45% ekcTpygartu,
nosy4yeHy OT ManLoBW TPULY U NLEHNYEH
rpuc. Ha geata BuAa /l0TEHMUM ca onpeje-
NEHN crefHUTe PU3NKOXMMUYHK NoKa3aTesnu:

- pH (aKkTMBHa KMCENWHHOCT) — NO
BAC 11688:1993;

- CyXO BELeCTBO (TersioBHO) — Mo
BAC EN 12145:2000;

- Cyx0o BewecTBo (pedpakromeT-
puyHo) — no BAC 17257:1991;

- uBaT no [lapgHep — WHCTpY-
MEHTa/IHO, C JlabopartopeH anapart
“GOLORGD 2000”, Ha ¢hupmata BYK —
Gardner Inc., CAWl no cuctemara CIE
Lab, kbgeTto L e ApkocT Ha ygeta (L=0 -
yepHo, L=100 - 6510), +a - YepBeEHO, -a -
3eneHo, +b - XbATo, -b - CUHbO.
CTolHOCTTA Ha UBETHWA TOH WK
JOMUHUMpallaTa Ob/HKMHA Ha Bb/HaTa e
npeactaBeHa OT CbOTHoOwweHneTo a/b.
HacuTeHocTTa Ha uBeTa e onpegeneHa

OT CTOMHOCTUTE Ha MHAEKCa ya* + b3 ;

- obwm BNakHMHM — no bAC
11374:1986;

- ckopbsina — no bC 5713:1984;

- AMHaMWYeH BUCKO3WUTET — pPeosio-
TMYHOTO MOBEAEHME HA MPOJYKTUTE €
n3cneABaHO C MOMOLLTA Ha pOTauMOHEH
BuUcko3umeTbp ,Brookfield” RV-DV Il +
Pro, obopygBaH ¢ aganTep 3a Masiku
npo6u, BK/HOYBALY, MeTasleH n3mepsare-
NeH umnuHabp ¢ BogHa pmsa SC4-13R u
UWAMHAPWYEH LWNWHAEN C KOHWYHA r1aBa
SC4-27. UWnuHpgenst SC4-27 e ¢
Ob/DKMHA Ha uunuHgpuyHata vact 33,02
mm u gunametsp 11,76 mm un obuwa

et al., 2005).

The aim of the present study is to
make a comparative physicochemical and
sensory analysis of traditional “lutenitza”
and “lutenitza” enriched with functional
components.

MATERIAL AND METHODS

This article uses two types of
“lutenitza”, namely  enriched and
traditional (produced under TI Nell-
09/1974). 12.9% carrots and 2.45%
extrudates obtained from brewer‘s spent
grain and wheat semolina are added to
the enriched “lutenitza”. The following
physicochemical parameters are defined
for both types of “lutenitza”:

- pH (active acidity) — according to
BDS 11688:1993;

- dry matter (gravimetric method) —
according to BDS EN 12145:2000;

- dry matter (refractometric
measurement) — according to BDS
17257:1991;

- Gardner colour — instrumental

determination, with laboratory apparatus
"GOLORGD 2000", by BYK - Gardner
Inc., USA by CIE Lab system, where L is
colour brightness (L = 0 - black, L = 100 -
a -red, a - green, + b - yellow, - b - blue.
The value of the colour tone or the
dominant wavelength is represented by
the ratio a/b. The saturation of a colour is
determined by the index value:

- dietary fibres — according to BDS
11374:1986;

- starch -
5713:1984;

- dynamic viscosity — The
rheological behaviour of the products was
investigated using a Brookfield RV-DV Il +
Pro rotational viscometer equipped with a
small sample adapter including a SC4-
13R metal measuring cylinder with water
jacket and SC4- 27 cylindrical spindle with
a conical head. The spindle SC4-27 has a
cylindrical part length of 33.02 mm and a
diameter of 11.76 mm and a total working

according to BDS
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ObMXKnHa Ha paboTHaTa 4yacT 39,29 mm.
V3mepBaTenHuaT UWAMHABLP € C BbTpe-
weH anametbp 19,05 mm ©n Ab/mkuHa
64,77 mm. V3mepBaTtenHUAT UuINHOABLP
ce 3anbsiBa ¢ Npoba, Kato 3ab/HKNTESTHO
yCcnoBme € ropHaTa KOHM4YHa 4acT Ha
wnuHaena ga 6bae nokputa ¢ uscneg-
BaHus npoaykT. Criep kaTo ToBa yc/ioBue
O6bAe W3Mb/IHEHO Ce MpuUcTbnNBa KbM
npeaBapuTENHN EeKCNEPUMEHTU 3a YTOu-
HsfiBaHe Ha obxBaTa OT CKOPOCTHM rpa-
OVEHTW, MpU KOWUTO We 6bAe M3BBPLLIEHO
nsmepBaHeTo. CTPYKTYPHO-MEeXaHuyHuTe
cBoiicTBa Ha npoba 1 ce mscnegsart npu
ABafeceT CKOPOCTHW rpajveHta B gua-
nasoHa ot 0,17 go 0,34 s, a Te3n Ha
npo6a 2 — nNpu CKOPOCTHW TpajveHTun B
avanasoHa ot 0,03 go 1,02 s*. Ot
noslyyeHNTe [AaHHU ce MocTposiBa rpa-
oMyHa 3aBMCMMOCT MEXAy HanpexeHue-
TO Ha MpPeMecTBaHe W CKOPOCTHUSA rpa-
[OVIEHT, upes KOSATO ce onpeaensaT peosio-
TMUYHUTE XapaKTEPUCTMKN Ha NPOAYKTA.
Cratuctnyeckara 06paboTka Ha gaHHUTE
€ OcCbllecTBeHa upe3 cneuvanusvpaH
cochtyep Microsoft Office Excel 2010.

OpraHonenTtuyHaTa OLueHKa Ha ro-
TOBMWSA NPOAYKT € HanpaseHa no netobas-
Ha cuctema (cbe cTbrnka 0,25) no nokasa-
TenuTe: BbHLUEH BUA, UBAT, BKYC, apoMmar,
KOHCUCTEHLWS, WHTEH3UTET Ha CNajocT,
WHTEH3UTET Ha KNCEIMHHOCT Y MOC/IEBKYC.
Cnep cboTBETHA MaTeEMAaTMKO-CTaTUCTU-
yecka obpaboTka ce ohopmAT rpadruyHo
CEH30pHUTE NPOUAN Ha NPOAYKTUTE.

MonyyeHnTe ABa BuAa NHOTEHUUM
ca npepocTaBeHV 3a opraHofienTUuYHa
OueHKa Ha 9 ufnieHHa Komucus, 3anosHaTa
C XapakTepuUCTUKUTE Ha aHansmpaHuTe
NPOAYKTM W CbC CcKaslaTa 3a OLEeHkKa.
YcnoBuaTa 3a NpoBexjaHe Ha oleHsBa-
HETO ca CTaHfapTHM — CTaiiHa Temnepa-
Typa 1 Ha JHEBHa CBET/INHA.

PE3YJITATU N OBCBXXOAHE
B Ta6bnuua 1 ca gageHn PU3NKOXM-
MWUYHUTE MokasaTesM Ha ABaTta Buga nioTte-
HUUW: TpaauumoHHa moTeHuya (tun ,,06mK-
HoBeHa") 1 oborateHa ¢ MasloBU TPULM U
MOpkoBW. B pesyntat Ha pgob6aBeHuTe

length of 39.29 mm. The measuring
cylinder has an internal diameter of 19.05
mm and a length of 64.77 mm. The
measuring cylinder is filled with a sample,
as a requirement that the top conical part
of the spindle be covered with the product
under test. Once this condition has been
met, preliminary  experiments are
conducted to specify the range of
gradients at which the measurement will
be performed. The structural and
mechanical properties of sample 1 were
examined at twenty velocity gradient in
the range from0.17 to 0.34 s, those of
sample 2 at velocity gradient in the range
from 0.03t0 1.02 s™.

From the data obtained, a graphical
relationship between the shear stress and
the velocity gradient is established, which
determines the rheological characteristics
of the product.

The  statistical data analysis s
accomplished through specialized
software Microsoft Office Excel 2010.

The organoleptic evaluation of the
finished product is made by a five-point
system (step 0.25) by the indicators:

appearance, colour, taste, flavour,
consistency, sweetness intensity, acidity
intensity and aftertaste. After

mathematical and statistical processing,
the sensory profiles of the products are
plotted.

The two types of “lutenitza” are
given for an organoleptic evaluation of a
9-member committee, familiar with the
characteristics of the analyzed products
and the evaluation scale. The conditions

for conducting the assessment are
standard - room temperature and
daylight.

RESULTS AND DISCUSSION
Table 1 gives the physicochemical
characteristics of the two types of
lutenitza: Traditional lutenitza (Ordinary)
and enriched with brewer‘s spent grain
and carrots. As a result of the addition of
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12,9% mopkoBu 1 2,45% manLoBu eKCTpy-
[aTtn ce nosulaBa CyxXxoTO BeLLecTBO (Ter-
JIOBHO) Ha oborarteHaTta ntoteHuya ¢ 7,67%
B CpaBHEHVe C TpajuuuoHHaTa ATeHuua,
HabnogaBa ce W NO-BMCOKA CTOWHOCT Ha
aKTMBHaTa KMCENMHHOCT. [M0-HUCKOTO CyXO
pethpakToMeTpMYHO BeLLecTBO Ha oboraTe-
Hata MTeHuua, CNpsMo ToBa Ha Tpaau-
LUMOHHaTa, ce Ab/KM Ha (hakTa, Yye masuo-

BUTE €eKCTpygatun CBbp3Bar MNo-rosidimMo
KO/imyectso Boga MU BOAOpa3TBOpUMIN
KOMIMOHEHTN.

OT npefgcTaseHuTe pesynratm ce
BMXAA, Ye cpefHuTe CTOMHOCTU Ha nokasa-
TenuTe 3a YepBeH M XbNT UBAT (a, b) ca no-
BMCOKM Npu TpaguuMoHHaTa fTeHuua,
cnpsMo Te3n Ha oborateHarta. PasnukuTe B
LBETOBUTE XapaKTepuCTUKN Ha nokasaTesnu-
Te a n b ce gb/mkar Ha pasNNYHNA CbCTas
Ha aBaTta BuAa NwoTeHuumn. [lobaBsaHETO Ha
MaJILOBN eKCTpyAatu M MOPKOBW B fioTe-
HMLaTa BoAM [0 MO-HWCKA CTOMHOCT Ha
APKOCTTA Ha LBeTa, KakTo 1 A0 peayuvpaHe
CTOMHOCTUTE Ha MHAEKCA 3a HaCUTEHOCT Ha
useta ¢ 28,29% cnpamMo TpaguuuoHHaTa
noTeHnua.

OT npoBefeHUTE eKCNePUMEHTN ce
yCTaHOBM, Ye O06LWOTO CbAbpXaHue Ha
BNakHWHN B oboraTeHaTa NoTeHuua e ¢ 5,1
MbTU NO-BUCOKO OT TOBa Ha OBGUKHOBEHaTa
NoTeHnua B pesyntar Ha gobaBeHute masn-
LOBW ekcTpygatu u Mopkoswu. [logobeH
edekT ce Habnwgasa Npu oboraTsiBaHe Ha
3bpPHEHM 3aKYCKM C  MaJLoBW  Tpuum
(Mussatto et al., 2006). Anetute C BUCOKO
CcbAbpXaHue Ha (pmubpun ca ocobeHo nones-
HW Npy NpoInNakTuka Ha CbpAe4YHO-Cb0BM
3a60/19BaHNsA, KakTo 1 3a NPeBeHLMs OT pak
Ha paebenoto 4vepBo. Te ce pasrpaxgart
cpaBHUTE/IHO 6aBHO, KOETO ocurypsisa no-
6aBHO NoOBULLEHME HA KPbBHaTa 3axap 1 no
TO3U HayvH ca noses3Hu ¥ 3a 60/HUTEe OT
anaber.

OT  nonyyeHuTe  pe3yntatm B
Tabnuua 1 ce Buxaa, 4e MHAEKCHT Ha KOH-
CUCTEHUMA N OMHAMUYHUAT BUCKO3MTET Ha
oboraTeHaTa NtoTeHuLa ca CbOTBETHO 4,7 1
7,6 MbTN NO-BUCOKN B CPaBHEHNE C OOMKHO-
BeHaTta NtoTeHnua. ToBa ce Ab/MKU Ha dhak-
Ta, Ye CbAbpPXaHNETO Ha ckopbsna n punob-
pv BOAM [0 NOBMLIABAHE HA PEOSIOTMYHUTE
XapaKTepUCTUKN — UHAEKC Ha KOHCUCTEHUMSA
W OVHaMUYeH BUCKO3UTET Ha NpoaykKTuTe

12.9% carrots and 2.45% of malt
extrudates, the dry matter content (by
weight) of enriched lutenitza is increased
by 7.67% compared to traditional one, a
higher value of the active acidity is also
observed. The lower refractometric dry
matter of enriched Ilutenitza than
traditional is due to the fact that malt
extrudates connect more water and water-
soluble components.

The presented results show that the
average values of the red and yellow
tones (a, b) are higher for traditional
lutenitza than for the enriched. The
differences in the colour characteristics of
indicators a and b are due to the different
composition of the two types of lutenitza.
The addition of malt extrudates and
carrots in the lutenitza results in a lower
colour brightness value, as well as a
reduction in the colour saturation index of
28.29% compared to the traditional
lutenitza.

From the experiments conducted, it
was found that the total fibre content of
the enriched lutenitza is 5.1 times higher
than that of ordinary lutenitza due to the
added malt extrudates and carrots. A
similar effect was observed in enrichment
of cereals with brewer‘s spent grain
(Mussatto et al., 2006).

High fibre diets are especially useful for
preventing cardiovascular disease as well
as for preventing cancer of the colon.
They are degraded relatively slowly,
which provides a slower increase in blood
sugar and thus are also beneficial for
diabetic patients.

From the results obtained in Table
1, it can be seen that the consistency
index and the dynamic viscosity of the
enriched lutenitza are respectively 4.7 and
7.6 times higher than traditional lutenitza.
This is due to the fact that the starch and
fibre content leads to an increase in the
rheological characteristics — consistency
index and dynamic viscosity of the products
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(Dhingra et al., 2012; Lestaw et al., 2013;
Shaari et al., 2017). No-BUCOKOTO CbAbpXa-
HWe Ha ckopbsina B oboraTeHara filoTeHuLa
Cce ABb/DKU Ha ChbAbpXalUsi ce B eKcTpyaa-
TUTE MLIEHNYEH rpuc.

(Dhingra et al., 2012, Lestaw et al., 2013;
Shaari et al.,, 2017). The higher starch
content in the enriched lutenitza is due to
the wheat semolina contained in the
extrudates.

Tabnuua 1. CpaBHUTENEH (OU3NKOXUMNYEH aHASTN3 Ha IIOTEHNLN
Table 1. Comparative Physicochemical Analysis of Lutenitza

Mokasarten / Index

TpagvumoHHa noTeHnua OboraTeHa nioTeHnua
Traditional lutenitza Enriched lutenitza

AKTUBHa KncesmHHocCT / Active acidity 4.45 4.52
Cyxo BelLecTBO (TernosHo) / Dry substance (by weight), % 35.82 38.57
Cyx0 BeLLecTBO (pethpakTOMETPUYHO) 226 215
Dry substance (refractometric), % ) )
a=231.05 a=21.92
b=35.11 b =25.48
LiBat no MapaHep / Colour of Gardner L=29.44 L =24.06
a/b =0.88 a/b =0.86
va® + b’ = 46.87 va® + b’ = 33.61
CbabpxaHue Ha 06wy BnakHMHYM / Common fibres content, % 0.35 1.79
MHaekc Ha KoHcucTeHums / Consistency index, Pa.s” 10.27 48.42
[OnHamnueH BuckosnTeT / Dynamic viscosity , Pa.s 173.5 1310
CbabpxaHue Ha ckopbsna / Starch content , % 0.1 1.37
Pe3yntatute oT npoBefeHUTE CeH- The results of the sensory

30pHM aHa/M3u ce nokassar, yYe obuiaTa
CeH30pHa OueHKa Ha oboraTeHata cC
MOPKOBU ¥ MasluoBu TpUUM MOTeHUua
(durypa 1) ce pobnuxasa A0 Ta3u Ha
TpaguuMoHHaTa soTeHuua (durypa 2).
OT ceH30pHMTE NPOINAN HA NIIOTEHNLMTE
(durypa 3) ce Buxaa, 4e cpegHUTe OLEH-
KW 3a CafocT U KUCESTMHHOCT, fafeHn oT
JerycrtaropuTe, 3a oborareHaTa NloTeHu-
ua ca Mo-BMCOKM OT Te3n Ha Tpagu-
LUMOHHAaTa, [0KaTO 3a OCTaHa/MTe noka-
3arenu Te ca Masiko Mo-HUCKN.

analyzes showed that the overall sensory
evaluation of the enriched with carrots
and brewer‘s spent grain lutenitza (Figure
1) approximates that of the traditional
lutenitza (Figure 2). From the sensory
profiles (Figure 3), it can be seen that the
average sweetness and acidity ratings
given by the consumers for enriched
lutenitza are higher than traditional ones,
while for the other indicators they are
slightly lower.
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®dur. 1. OborateHa NOTEHMLA
Fig. 1. Enriched lutenitza

dur. 2. TpagumMoHHa NrTeHVLA
Fig. 2. Traditional lutenitza
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Sweetness
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dur. 3. CeH30pHU Npohnav Ha NIITEHNLM
Fig. 3. Sensor profiles of lutenitza

Aftertaste
Kucenunnoct f
Buyc [ Taste
Acidity e/ T8 [
Cnagocr /! Apomar [ |
Sweetness Flavour |
KoHCHCTEHUMA I
/ Texture

HanpaBeHWTe CEH30pPHWM aHasI3m
nokaseaT, Ye HAMa 3HaAUUTESTHU Pa3NUKK
MeXay OpraHoNenTUYHWTe NpouIM Ha
TpaguUMoHHa ntoTeHnua (Tun ,,O61KHOBE-
Ha“) 1 oboraTteHa c ekcTpygaTu OT Masl-
LOBM TPWUUU U MOPKOBMW. B pesynTtat Ha
NPOBEJEHUTE EKCMEPUMEHTM CE YCTaHo-
BM, ye oborateHarta JlOTeHMLa uma rno-
BMCOKO CbAbpXaHue Ha BflakHWHW, Mo-
BMCOKWM CTOWHOCTU Ha CTPYKTYPHO Mexa-
HWYHWM nokasaTenm U no — peayuupaHu
LIBETOBU XapaKTepPUCTUKN B CPaBHEHWE C

CONCLUSIONS

The sensory analyzes showed that
there were no significant differences
between the organoleptic profiles of
traditional "Lutenitza" ("Ordinary” type)
and enriched with brewer‘s spent grain
and carrots. As a result of the
experiments, it was found that the
enriched lutenitza has a higher fibre
content, higher values of structural
mechanical indices and reduced colour
characteristics compared to traditional
lutenitza.

TpPaguLMoHHaTa NtloTeHuua.
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