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Abstract: The miing order of components during the production of multi-conponent food product plays ey
rele i formation of s organckphic properties and stabilitv. [t depends on the intersction of systems
Iike “onl-water”, "water-protein”, “carbohy drate-waber™ and “water-gas™. The during the research was proposed
the technology of boaled-smoked meat-vegetable products made from sub-products and vegetable rw materials
with the use of regression-hydration technology. Manmy formulations were tested and were seresned in order
to ebtam the best resnli. Also, termedynamical properies, chemical and nuiniional content of these products
were exanined. [t was comoluded that using of regresssonehydration techmelogy allows saving ils quality and

emsnaige e specified shell life.
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INTRODUCTION

D the procducieon of food produets siep of e
mimz plays key rola because o affect ceganclepiio
properties and the stability of the final product. Mow a
days, the theory of the food stroetie’s stalality has a
number of problems becase there 5 a lack of clear
understanding  of  the mechanism  of  stucture
formation of food, First of all, it 15 due o thee =
no clear understanding of the nature of the mieraction
“pil-meisture”,  “moistre-proten”,  “carbohydrate
maisture” and “mowsture-gas systems”. Hydration of food
components  detennines i3 theobogical and  other
physico-chemical progerties and therefore, e sy
of the behavior of mosture in biclogical aveteme &=
stall an actual problem. Comsidenng food a8 a comple
miowsture-polymer  sysiem where  the  predominant
compaent 5 moisture that in the continuous phase, to
describe its state the laws of themmodvmemies are
comvesient

Based oo the fndamental stidies of Polewa and
Rebinder that offer as an only sorrect parameter of relstion
of imoisties and produst comgonents by evaluation its
enwerzy, Wi Jook at its main conditions. Considermy dw
fact that the energy of the mosmre is a specific value
then for the real system of it total binding energy o
enthalpy of the motsture commection will depend on the

mass of mersture contamed m the system and describes
the relatiomhip (Kamerbaay, 20010, 1 we sssume that
hydration levals of the conpenents of the product affect
the stability of food simeiees, abwvioely, it s necessary
to atudy the etruchiss formation functions reeponses from
the vasicus physico-chemical and technologeeal factors.
As s well bmown that food product 15 & complex
biotechnological system which contain proteirs, fats and
carhohydrates  and  ther  hvdration  properties  are
mdivicoal and impredictable

e fo these feabwes and fo understand wheole
hydration mechanism of food product we are decsded 1o
resarch wheeh can explam how Dwese components. awd
thetr moing order affect tecdmolegy of food systems
prashuctione In the ebudies carmed by Kamerbayey A
technologies  of eausage  producte  with e of
regression-hydration feetmology were developed, Studies
were focused on to determine the plysieo-chemical and
technological  factors  affectmg the  stability  aned
sustamnabality of siuctures { Kamerhaey, 2001 )

The sesearabers conchaded that fo acbeve the
best paetime of drawing up a muBi-component system
(emdzion) on the basic physical,  dwnncal  and
technological paraimeters can be Baed an the koowledge
of the value of the enthalpy of moisture hinding which in
thia schema of mixing hae decreasing {regression ) arder
that procedue cannot be said abort other paramesers
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whach does nod show amy order (Kamerbaey, 2001 b Based
ot the mequired knowladge sbout the value of mosture
bindig  enthalpy by anticle authors was developed
the technology of  meat-vepetable  products  from
eb- procucts snd vegetahle raw materials with regression
hydratson technologies. To determine the shell life of te
product hes also been kdentified motsture activity of food.
The indicator “mostire activity™ 5 an important ool
m the development of technologeal provesses and
production as well aa ensures gh quality and extends
shelf life of food products.

All mataal foods confein mosture m their
composition in varying amounts of their stases, from thes
largely depends on therr eclnological properties ad
ghelf life. In or couniry fior the charsctenstice of the
moaeture content of a single mdicator 8 wed = food
produsts 15 “the mass fracton of mosture” or produsst
humidity. This quantitetive messure does not reflect all
the complex mteractions that are present in the food
product and to wisch = moisture, However, there 15 a
fgure “moisiure aotivity™ which is the main enterion of
the characterstics of the state of moishure in foods and =
widely wsed arcund the world as 1o predict e
technological properties of the poduct amwl 8 a
powerful quality control tool for the food and its shelf life
(Gustave ef af.. 2007, Ginzburg ef af, 1990, Leistner,
2006},

MATERLALS AND METHODS

Polann-Rehinder aquation used fo calculste the
energy of hydrogen bond and the enthalpy of hydrogen
bond was caleulated with the equation provided by
resgarcher (Kamerbaey, 2001} The ewrgy consumed to
remeve | kg mole™ of water from wet madenal =
determined by Eq. 1:

A= Tl (1l
Where:
A= Mosshure busbing enesgy (T maole™)
B = Universal pas Gm:lanl{f."lfmnle"-']{_:lfl
T = Temperatwe (")
i = Relative lumidaty

lop =L-101 = R Thisa, -t | (2

Where:
L = Mowsters bonding energy (1 kg ™'
R = (o constant

&, = Moisture activity

m = blass of moisnre

I =Lmou, L3

Here, my, 15 weght of mostue which was caloulsted
with Ee, &

M, =W, (A}

Blotsture activity was examined by Aqual.ab (LISA}
and the equipment developed by acadernias LA, Rogov
andd UL.Ch, Chomanoy, the method of determming the
i iire metrvity ot the Fogov-Chomeassoy euipinent is a
followwra, i a fhask Mo, 2 placed excammvad prodet, the flask
. £ ia filled with disti lbad moieture. A fter fixing the fasks
at the equpment with opened valves Moo 4 the air is
pumped from the equipment by vacuum pump Mo, § The
duraticn of pumping is 5 min. Then, valves are closed and
atter 68 mmn flwd mevement stops m manomeser. The
mancmeters mdication AP i the difference between the
equilibrivan vapor pessure of mosture over distalled
maoishre l:". amcd equi.|||:|ri1.n11 Pressare of moishre R
oves e product P, de

AP=F -F, (5
The momture activity vahae 15 caloulated by Eg 6
a = P, —AF 06}
F,

The examination of moisture content in product was
performed in Evlas 2h (Russia). Determination of the
ammo acd, fasty acid, vitamin and mineral compesrhon of
the meat mass spectrometer 1on cyclofron rescnance
Feamier trarsform (Germany) and Gas Chromategraph
Shumada 3C-Sertes 2000 and Serwes Lapud chromstograph
Shimadm LO-200 0 Japan) (Tolde, 20100

RESULTS AND DISCUSSRON

In the laboratory of techmology for the processing of
amimal preducts were developed meat-plant prodhect
tectmobogy from sub-pioducts as lvar, heast, kacrys amd
brains and beef vegetable raw camots, pumpkin beets,
potatoes and cmons. Dusng the sechnological mixmg
process of the products physical end thermodynam:e
parameters  of each product were  investigated 1o
determine the order of mixing for the regression-y dratien
technodogy (Table 17,

The bindmg of moshwe with a substance s
characterized by free energy of & thermic delydraton
which is kind of & work required to rernovel mole of watar
at the constant temperaiure with no changes in substange
contert at this mosture content. I there is a free mos fure
ina substance alt. Thring the removal of meistore the
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Tahle 1 The s choracteristice of addibves

Hemad ibv Weghi of addivves Moishre congsnt Ensrgy of bydrogen Esihalpry af‘h:.-ﬂ'ag:l
Hames LWL %eb AL kpp il Egh Mobsere arivity (s)  Bond (L, EF ke Sond ilg, BN
Liver Fo L] 1335 il H3 R )
et iL3 3 L L LA 637 o4
By 355 3 IR L] o [[IS]
Hean 313 5 LI6ES i 6350 10530
Cael 104 L3 (L (%] 4670 7450
Fampkin HE L ®20 .73 T L]
Fotnbo M i [ i bt b3 o3 0.4
Bzt 1 e L] 156 7 4870 580
Oimien MR -] YRS [ .60 TR0
Rime Bran 142 12 ] L [+ 113 63 11390

Moistre  Entalpy of bydroge

Methds Mg, i 4 & 4 0 aclivi bond ile, kI
1 {1} L) v w1 W Ll X X s S0
1 1 11 v VI VI W x 4 [T A0
3 Vi v | v W 1= ] 1 nast 4112
4 v E m VI 4 Il v v 638 100
E] (15} W n 1 i Wil Ix X el 1%
L] 15k 545
= B, TEx SIS componends in the one time In the matrix roman
H00 R = 05138, lemethod digits means, [-liver, 2-heart, 3-kidney, 4-bram, S-carmc,
=01 T45x+ 5154 .
LEE e —— fepuainphon, Topotata, S-beat, Seormea, 10-fee beai,
g,r‘ f ¥ - m?ﬁ:“m—" During the shwdies the best result was seen
SE gy B 70T Smethod Ath methed which 2 acoording w0 hvdation erder,
§; EETAE Mlears that. the order of mixing & as: liver-nice
SE k= i N bean- brain- kidney - beart - pusipkin - potato - cmio - b
i ;,‘_“-’f:':*}’-”-'d A Jamettod el-carret {Fig. 21 As it shown in domestic and foreign
] v At ie e Isterature, 100 g of meat products should provide y 20,
R = 0.E314, Somethid 25%5 of proteins, fats, ete. for ane day the necessary food

CE PP F IS

Fig. 1: The chenges m erthalpy of Invdrogen beasd by
addding addstives

strength of its bond with a material = growing and the
errgy of binding alt 13 grewmg too. The lower dwe
moishre content of the material, the greater the value of
the binding ensrgy. Based on regression-hyvdration
technology products wens mixed

The expermmental siudies wese perfomed os o =
shown below, the temperature of the products: 293 K, all
ingredicnis were mixed for 1 min, the rotaton speed was
1200 rpm. As & target fiunction the enthalpy of lydrogen
o and mosire aotviy indexes were taken (Fig 1)
The mixmg procedurs of performed expermental studies
15 chsplayed mn Table 2. The experimental matrix desypned
o avoid repeat in each method Each expeniment was
aompared with mitial prodwct. The examinaton medhod
wa able to pecform by the pothing and mixing of all

items, Dnring the production complex products from sub
products the chemscal compostion of the heat-treated
produsts as liver, kidney, heart and brain was séemified.
The chemical compesition is given m Tahle 3.

By the adding subrproducts m 4 diffesent ratios
production of  vanmes  products were  examined
(Table 4-T) The products quality, coloe, taste, smell,
textire  amdd  appearance  chamge  was  evaluated.
I:lIE,:II'H:\I\!PIE- CDl'IIIDI D[ II'IItI..'.II I:I'ld EKPEF;I'HEI'II:II 'ur::inru
evaluated in S-point acale.

Humercus studies have shown that as a result of the
combaned ratig 5002002010 products compared with
utial received the highest scores Use of vegetables
addition  changes mrritional  vahwe, organobeptic
characteristies, Thinmg the study verious vegetahles
organcleptic charctenstos were identified (Table 8:11 )
Ar vegetable carol, squash, beat, potate, amion and nice
bran are wsed, According to literary 1o meat produsts
vegetables added up to 2530, For this reason. dunmg
the fesearch amount of  vegetables were as following,
experiment  1-20f%a and share of each vegedable %4,
expenment 2-25% and share of each vegetable 5%,
exparmment 3-30% and share of each vegetable 686 and nce



Fig 2! The muxing order of additives
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lllll,l

Hame Mo iure Frotein Fat Carbahydme Ash
Liver T 31.7 2 1655 647
Hemn kP ] L] ag 1484 A
Eidney ias LT 102 1425 LE]
Brin 33k a3 [TH] 1h35 LR
Table A: Themiios of sub-products duneg the making of liver-based product fomlaions (2&)

Tl iverdee] (7o

ST A N 8 S R ST BSOS S RS U R S £ L N U-gandqﬂi.: eunlumion
Yersign Liontrod (4 Liver Hzart baney Eirsin it craluationt
Frotial LM 4.3
Esprenninen [ 70 s} 10 8] 4.2
Experimen T &0 (R} 15 0] 4.3
Experimen 3 30 m 0 8] 4.4
Experiment 4 4 =) a8 1 4.5

Crganalepiic evaliatios

Warsion Connircd (Pl Liver Hizam Badney Erzin Alotel evaluationk
Carmrol 100 4.3
Experiment 1 (] E 1l L4} 4.2
Eaperimen 2 1% 1] 15 10 4.3
Baqravimen 3 ) S0 0 10 44
Eequriitiagi 4 18 A 25 10 4.4
Teble & The mtics of sub- e rmakiing ol ki Arped Foaalations (%)

I1-Heswrt-bassedl (%61

Crganoleplic evalustion

Yasion Liver Hsart ey Exzin (ol wvalupticnt
Chanitrol (L1 4.3
Espeniment [ 10 14 H [} 4.2
Experimen 2 1= 15 L] 10 4.3
Esperiment 3 0 0 &0 0 4.4
Eaqreriment 4 FL] 25 4 L] 4.3
Wersion Control ek Liver Hizart Eodney Erzin Aot sl evaluationk
Canrol [Lon] 4.3
Eapreriment 1 1 1 14 ™ 4.3
Exprariment T 15 15 14 &0 4.3
Experimen 3 0 10 1] 44
Esgrerimizil 4 pL] a5 10 £l 4.3
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Tahle B: Orgenabpie propertis: of vepeable addiives added 1-lver based greduris

Cirganaolspiic svaluation

Wolame of vegeiable T A S S R R S £ R

Conrol - Wit acklitives .36 446 441 K]
Expreriman | m 13 436 446 443 443
Espentiiient T = 10 446 456 4.51 4.56
Espenimen 3 30 3 4.43 446 484 4446
Table: {ingen s ol additives arkded [1-heor bersed

Chranlagd s vilistion

Wikanie of vegetablc

[1-Hesrn- basel prostucts el inives {351 Foace Bran (95 Ol Toade el sl oy Todad gl &
Canirol - - 4.33 433 4.33 4.33
Esprenimem [ n [k 4.3% 4.33 4.53 4,33
E!pﬂ'im!fl z L i EX 4.56 B BN ]
Expsrimen i i : 4,18 L. s a6
Tahle 14 On i iew ol additives slded O Joulney Saeed proslects

Orgaialeptic svaliation
5 bedney dewed wolane of vegeiable
producis addiiives (Fa Rice bran (% Colar Taste and smiell  Comsstency Totel mrode
Conrol - - 4.43 46 441 4.43
Exreriman | o 13 443 46 446 445
Espexiiment T bl ] 445 A5G 4.58 455
Expeniient 3 kL] 3 4.43 Ade 445 443
Teble 10: Ovgamolepiic properiies of vegeishle sdditives added brain IV Sased prodecs

Cirganaleptic evaluation
I-Bain-tral Witk of vagitahli
praskis additivet (¥4 Rice bran (%51 Colur Taste el Conseney  Toasl grovs
Caniol . - 4.43 A46 443 443
Experimen I il 13 4.43 Adiy L LR
Exparimen I s [ 1] 4.46 434 456 455
Espreximent 0 L3 4,41 444 A48 4.4

p= 1l |1

THaries of products L-liwer il [l-ligait-basel - ki Brigeed IV v becesd
b prodects (%41 Tolal number L i ith [
Carot L] 5 5 L]
Fampiin ¥ 5 5 5
Heast ] 3 3 3
Folobo x 3 3 L]
Omion ] 3 3 L]
R brin I 10 10 =)
Todal (L] 160 100 L]
Aplies ik kg black pepper ol (i8] [i§| al
Halt 1} [ied 2 U]
Tahile 13- Chamical coment of fimshed profucis
I iattos Lonirg) Linorbeeed IkiEar-tuzd Iitidoeebmed ______I'-brsincbeend
Fritein (g/100 g 143 IFIE ABFE asTo 17.03
Fat a7 LB A5 BT pic -
Cartotydrates (g 163 1708 145 1456 13,74
Pl nistare (g 5.0 AR 1T LAk %2
Einrus sl 750 300 193 i) 17600 W

e in ratio of 15, 10 and 5%, When vegetables addad up
fo 30% the taste and odor reduction in byproducts were
seen. The best results of orgasoleptic chasactenistics
have been shown in expeciment 2 with ratio of 685 2510,
sub-products-65%, vegetables-25% and rice bran-10%a.
Prica w not a mixhre of products derivad from plant foods

the amdy. Acconding to peiformed shadies nesalts it was
conehaded that the average rabios of components were
presentedd. The mtios of sub-products and vegetable
additives wese changed in 4 diffevent Fornwlations
(Tabls 12). Ermiched with vegetable additives subproducts
huas shenwm fugh results i terms of taste barmony, The

than organoleplic taste, appearance and o wy e
different. The producte had an average of 4.56 pomtz m

fimished procicts of plyvssco-chemical  parameters are
ghowrn in Table 13, Analyeia of the data charseterizmg the
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Table 14: Vatarnise o senersl conbent of finbied prodects in 100 of product

Mames of products
Isors Contr Lliver boss besbased W hidoey baved TV bosin s
Aofmegh 4234 S 1 56l +Th
By dmg LN E Lzl 25 k26 0.0
B2, liiigh 028 L4 [ Lz L1z
O i) 11z 23 14 &% Le
Edmgh [=E L} LR [ E50 kL
[erarobens {mogh EL] 50 ] ELE £
FF imgk 551 [T L] LR 1%
Fomg THEAD b T ike T
FATRIL G TR RS IS THES w3
i gl i 7 i i L
Fedmegh 11355 1305 S50 &7 4405
Bl iamec b 1955 2114 2010 204 o3
Table 14 Amino acid conlent of finished products

Piamee of pradicts
Enlsitens Conitre] L-livemBeimiad [l-digist bl I0-ki i TW-twain-lasal
Enseritaal ditiss b il (2] 00 &35 15010 (Ei0k) 13471 1047
Valine ] 2600 otk o 1L 1380
Escdascne TE1 1935 1912 1714 153
Leucine Lz 1552 212 T pors. 3
Ly=ine 1214 ] Jnir P 1951
Methiomine e a1F Lo THE 535
Theomine TiS 1657 (i L1533 1%
Trypoopisns 356 a7 505 512 n
Pl b laning T 140 1542 La2E 1308
Table 1% acid ¢ okt of Gmished

Plamee of products
Elisiors Connl I-liver bzl gt -hsssal M-kibe-beed  TV-aein-heel
Fatty acid om0~ gssturted mcluded: 1.2 LE L] 20 1M T
CLA0 mmyTistic oot K1) ik (5 03 L) |
L palmitic ake 113 [ 1 L.2¥ 3.
CIRLD et neid GRE 1 L% i 167
Blimrrimeatiianed mchalol Ty (B 166 L& T
LAl palmitaleic LA [INE] [ k24 [ik1
CLRE B QBT 1.7 14 L5 &0
Folyonsatumied mohided LTT .0 47 14 7
182 Inokic Loz 14 L&Y Liid 50
CLES Imoelzidic 008 i k03 (e LU
A rachidenic o6t LT (51 34 LM
Faity acid conbent pi:| T4l T2 & 1847

averall chemical composibon of mest and vegetable
products mdicates that 1t has a hagh protemn sontent from
27933938 p which defines the high potentzal and the 1se
of aub-products of vegetable mw materals provided
mnsually balaneing of the compomants in the fermmlation.
The mutritional ad biclogical evaluation of examimed
products were detenmined (Tatle 14-16). The biclogical
valwe of the product is cheracterized by the amount of
modogically active substances: aming soids, vitemms,
macre and micronutnents, essentil polymsaturated
fatty acwds.

Az o result of shedies, higher amomts  of
vilmnms, viemm C-223-835 mgl00 g' of vitamin
BA-1.491.21 mg/ 100 g lver and kidoey-based products
and beta carotene -8 mglo0 g the heart and the

8

bram-bosed prochet, vitemm PP 606385 mgi0 g of
the product = determined on liver-based and the
ki =i prrochucts.

Az oo mesult of studwes, & ot of phosphons,
3F3mg/ 100 beaindeead product, the amount of iron
1329561 70 mg/ 100 g° of the product besed on the liver
and kidnevs, magnesium &8 mg/100 g° of the product is
determined on the heart-based product Ar a result of
research m the composition of the amino acds essenhal
ammo acids quamttative 13919-14913 me/A00 g liver
amd heart based products to be high compared to
the initml As a result of research 182 lmalemic
187 mg 100 2" of the Tean-based product, C18:3 lnalenic
(4% e 100 2" in brame-bazed products deternined 1o be

high.
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Lablz 17 Sinbility cerd of ool proshects

Rt Nidicaions

grop ol products ssemms Elormge

durng e s Hy pEL Tempermre (T°Ch
Al permlabic) =LB5 “hE F

B |perishablel 0509 S5 1

i |pereishent kng-lemn <A@ <51 Reefiiparatinon i3 ol
dlomge) =8 S50 reqed

[ this regard, duning the research the mentonal and
bidogical value of vegetables ennched sub-produsts
proved 1o be as valuable prodocts. Tssues related to the
preservation of the quality and thw reduction of food
losses in ther long-term storege 15 one of the most
important tasks facing the workers of processing industry.
Solving the problem requires a detalled stady of the
influence of external factors {ambient temgraturs, rekative
fumidaty, efc. ) to change the quabity parmmeters of food
procheats, At the present tame it has not vet developed @
common methodology to determine the ehelf life of food
products while the shelf bife af dee produwat = one of the
migjor determinants of tealnological parameters. Despite
the fact that todey a mmber of known works and smdies
to determine the dependence of the shelf life of food
produsts by mdivedual groups of parameters it = etill a
pretlem.

Amalyss  and  synthesis  domestic and  Foreign
research data shows that i essessing the stats of the
preduct should be resorted to when harenenn mtegral
parameters, the most nformative of wiech i3 the “mostore
getiviny™, Wl thus i mukd, we have condueted a mumber
of research projects aimed at predicting the shell Ife of
foosd products, the resuls of wheeh would allow to
forecast with greater aceurasy

In cur case, we represent the period of storage as a
funetson of several vanables, Smee, many researchers
previously found that among this essential parameters for
determining the shelf Iite of foods and nelude setima the
pH. the study of the extent of its impaet on the Life
ihraneniya i very important. Analysis of the resubs of the
expenmental data shows that i the pH range from
50-7.0 gt a value of aw =091 sigmbicantly affects the
duration of the storage life of the product.

Thermodyramic properties (moishure actvity and
misture contend) of 4 products based on liver, hear,
kidney and bram were determined. The resulis showed
thet the beat-trested meat products in the mosture
activity i reduced toaw = 0065, pH of 4.59-3.0 which allows
vyl #o assign them fo the group “C7 <091 for the
“stability cand” (19,200, ie. to products stable wnder
prolonged storage (Table 17).

=Y

CONCLUSION

As g result it was proposed sub-products meat
producte technology with the addition of vegetable raw
materials s the we of regression-hydration techmigue
FProtems are composad of eausmge produocts  were
characterszed by balance of essential amino acids, the
total eontent of which exceeds the same indicator for the
perfect protein. As a result of shadies, protems contem in
developed products were characterized by balance of
essential amine acids, the total content of which excesds
the same indicator for the conrel Higher amoumts of
witamins of B, O, Bi were seen in the liver and kidney
based products and beta carotene in the bemt and
bram-based products, vitamm PP in the products based
on liver and kidney. The content of mineral substances in
the developed products (ngigdy, moned 2, zinc.d 6,
phesphorus-151,52, mognesm-34.5, calewm-10,7, Taking
iritir aosount the per diemn mate of trace elements foo T an
conammption 100 g combined sub-product  eatisfiea the
need for o 25300 zino m 25.300%, phosphones
m 10-12% and magnesium i 8-10%.
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