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ABSTRACT In order to solve the problems associated with expanding range of sausage meat component of high biological value, a
search was conducted for alternative, natural and affordable sources of protein. Protein deficiency in human nutrition has led to the
search for ways to increase biological value. It was proposed the optimal ratio of components of sausage meat, consisting of meat
and mushroom raw materials. The purpose of this combination is to achieve the composition of sausages to the desired
approximation of the "ideal protein” with the established technological effects for this production. The main objective of this work is
to study the food and taste qualities of the finished product to expand the range of functional sausages at meat processing enterprises
in Ukraine and China. Analysis of these data shows that an increase in the level of meat substitution with mushroom raw materials
leads to a redistribution of the mass fractions of moisture, protein, fat and ash. The redistribution of these same indicators is affected
by the physical state of the introduced mushroom raw material: powder or finely crushed mass. It was recorded a decrease in the
mass fraction of fat by approximately 3% and 6%, respectively. Therefore, it was noted a decrease in energy value from 362 kcal to
335-304 kcal. The proportion of carbohydrates in the experimental samples has increased by an average of 1-2%. The mass fraction
of protein remained almost unchanged, but the composition of the protein was closer to the "ideal protein". According to the results
of organoleptic evaluation, it was found that when developing recipes for cooked smoked sausages, it is advisable to add boiled
mushrooms in an amount of 15 - 20% in finely crushed form. It is advisable to add in the amount of 3.0 - 7.0% at the mixing stage in
the form of a dry powder of fried mushrooms. The data presented in this article make it possible to assess the prospects of the food
industry in the production of sausages enriched with semi-finished products of varying degrees of readiness based on cultivated
mushrooms. The results of the analytical study reflect the unique degree of the cultivated mushrooms amino acid composition
approximation to the "ideal protein”. Particular attention was paid to essential (limiting) amino acids and their content in new types
of sausages
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HNEPCIIEKTUBU BUKOPUCTAHHA KYJIbTUBOBAHUX I'PUBIB
Y TEXHOJIOT'TI KOBBACHUX BUPOBIB

T. M. CTEIIAHOBA", H. B. KOH/IPATIOK?, H. XAHI[3IOHB', K. €. CYIIPYHEHKO?

I kagpeopa mexnonozii xapuyeanns, Cymcokuii nayionanvnuii azpaphuil ynieepcumem, Cymu, YKPAIHA
2 kaghedpa xapuosux mexnonoziti, ninpoecokuti nayionanvhutl ynisepcumem imeni Onecsa I'onuapa, [ninpo, YKPAIHA

AHOTALIA [ins supiwienuss npobiem, noe'a3aHux 3 po3WUPEHHAM ACOPMUMEHmy KO8OACHUX upobié niosuujeHoi 0ionociuHoi
yinnocmi, 6y6 nposedeHuUll NOULYK ATbMEPHAMUSHUX, NPUPOOHUX | doCmynHUX Odcepen Oinka. Takumu nponoHyemvcs po3enioamu
Kyabmugogaui epudu. [eiyum 6inka 6 payion xapuysauus niooell, 0A8HO 8Jice CMA8 NPUYUHOK HOULYKY CHOCO0I6 Ni08uUUyeHHs
6i0n102IUHOI YIHHOCME, MOMY MU NPONOHYEMO ONMUMAIbHI CNIGGIOHOUEHHS KOMNOHEHMIE KOBOACH020 haputy, wjo CKIadaemvcs 3
M'scHo20 ma epubHoeo cuposunu. Memow maxkoco KOMOIHY8aHHA € OOCSACHEHHs. CKIa0y KO8DACHUX 6upobié 00 6adicano2o
Habauscennst 00 "ideanvnozo GINKY" npu 6CMAaHOGICHUX MEXHOIO2IYHUX edhekmax Ons 0aH020 eupobHuymea. OCHOBHUM 3A80AHHAM
PO6OmMU € BUBYEHHA XAPYOBUX | CMAKOBUX AKOCMEl 20MOB0I NPOOYKYIT 05t pOSMUPEHHS ACOPMUMEHMY QYHKYIOHATbHUX KOBOACHUX
8upobie Ha m'aconepepodnux nionpuemcmeax Yxpainu i Kumaro. Ananiz masedenux OaHux nokaszye, wo 3i 30iNbUuleHHAM pDigHs
3aMiHy M'Aca SpUOHUM CUPOBUHOIO NPOXOOUMb NEPepO3NOOLL MACOBUX YACMOK 60102U, OiKa, acupy i 301bHocmi. Ha nepeposnodin
Yux e NOKA3HUKIE 6NIU6Ac (DISUMHUNL CMAH 6HECEH020 ZPUOHO20 CUPOBUHU: NOPOWOK a60 MOHKO NoOpiOHena maca. Byno
3agikcosano 3meHuenHs Macogoi yacmku Jcupy npubauzno na 3% i 6% eionogiono. Omoice, 3HUdICEHHs eHepeemuyHOl YiHHOCmi. 3
362 kxan 0o 335 - 304 kkan. Yacmrka 6yeneso0ig y 00Ciionux 3paskax 30invuiyeanacs ¢ cepeonvomy Ha 1-2%. Macoea uacmra 6inka
3AMUWANAC NPAKMUYHO HE3MIHHOI0, ane CKaad Oinka 6ye Onusicuull 0o "ideanvrnoeo 0inky". 3a pesyromamamu opeaHoIenmuyHol
OYIHKU 3'C0BAHO, WO Npu po3pobyi peyenmyp 6apeHo-KONYeHUX Ko8bac OoyinbHO GHOCUmMU 8apeHi epubu 6 Kitbkocmi 15 - 20% 6
MOHKONOOPIGHEHOMY 8UA0L. Y 6UIA0L CYX020 NOPOWKY 3 06cMadicenux epubie - ¢ kinokocmi 3,0 - 7,0% na emani nepemiuty6anHs.
Hagedeni 6 cmammi Oami, 003601410mb OYIHUMU NEPCNEKMUBY HANPAMKIE XaApyo80i Npomuciosocmi 6 cgepi 6upodHuymea
KOBOACHUX 6Up0DI8, 30azaueHux HanishadpuKamamu pisHo20 CmyneHs 20MmoSHOCMI HA OCHOGI KYIbMuBosanux zpubis. Pe3ynomamu
AHATIMUYHO020 00CTIONCEHHS, BI00OPANCAIOMb YHIKATLHY CIYNIHbL HAOIUNCEHHS. AMIHOKUCTIOMHO20 CKAAOY KYAbMUBOBAHUX 2pudie 00
"ideanvroeo 6inky". Ocobaugy ysazy npudineHo eceHyianbHum (HMImyoyum) amiHOKUCIOMAM, iX emicmy 6 ckaadi HO8ux 6udie
KosbacHux eupoois.

Knrouosi cnosa: kynomueosani epubu, epubHuUli nopowok,; 6ionociuna yinHicms, K086acHi supobu,; degiyum 6inka

Introduction in the diet of certain groups of food products, upsets the
balance of food components, and synthesis of substances.

Food products are an integral and non-alternative  The gearch and involvement in the technological process

part of the human life support fund. Long-term deficiency
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of raw materials that have a balanced chemical
composition and have a functional effect is the key to
creating high-quality food products that have a beneficial
effect on the human body. One way to develop
technology is to combine various types of raw materials
to achieve a certain type of balance: nutrient, micro- and
macroelement, vitamin, fatty acid and the like. However,
protein deficiency remains a major problem for humanity.
Cultivated mushrooms have a balanced composition of
nutrients, they also grow quickly, without requiring
expensive equipment for growing, are easily processed,
have a pleasant taste and aroma when ready [1]. Fungi
have antioxidant, antitumor and anti-inflammatory
properties [2]. Sausages are a fairly demanded product in
both Ukraine and China. However, premade sausages
differ in organoleptic characteristics, based on the taste
preferences of different nations. However, the
technological process for the production of sausages does
not have fundamental disagreements. Thereby, the use of
fungi raw materials in sausage technology as an
alternative source of protein and nutrients is very relevant
especially for Ukraine and China.

The aim of the study

Analysis of the chemical, in particular amino acid
composition of cultivated edible mushrooms with the aim
of using them in the technology of cooked smoked
sausages enriched with functional ingredients.

Statement of the main material

Cultivated edible mushrooms are widely popular
among the population due to their high palatability, low
calorie content and low cholesterol content. According to
FOA / WHO statistics, China holds a leading position in
the market of cultivated fungi producers (up to 5 thousand
tons / year) [3].

Edible cultivated mushrooms are widely
represented on the modern market, such as (Agaricus
bisporus bicuspid champignons, Brazilian champignon
Agaricus subrufescens, common oyster mushroom
Pleurotus ostreatus, flamulin or enokitake Flammulina
velutipes, edible lentil or shiitodedes etc.). The nutritional
value of mushrooms depends on the species, stage of
development and environmental conditions [4].

The raw protein content in mushrooms ranges
from 12 to 35%, depending on the species. The
composition of free amino acids is very different, but in
general they are rich in threonine and valine, but are poor
in sulfur-containing amino acids.

The carbohydrate profile of mushrooms is
represented by starch, pentoses, hexoses, disaccharides,
aminocucriva. The total carbohydrate content in
mushrooms ranges from 26-82% based on dry matter in
different mushrooms. The raw fibrous composition of the
fungus consists of the frequently assimilated
polysaccharides and chitin.

Edible fungi are usually low in lipids with a higher
proportion of polyunsaturated fatty acids. All this
indicates a low calorie content of mushrooms. In addition,
mushrooms do not contain cholesterol. But they have
ergosterol, which acts as a precursor to the synthesis of
vitamin D in the human body.

The nutritional value of various types of cultivated
edible mushrooms, which are planned to be used in the
technology of cooked smoked sausages tastes of the
Ukrainian and Chinese populations, are represented in
table 1 [4].

Table 1 — Nutritional value of cultivated edible
mushrooms (in dry matter gram per 100 g)

Kinds of Proteins | Fats | Carbohyd | Ash
mushrooms rates
Agaricus 33.48 3.10 46.17 5.70
bisporous
Pleurotus 30.40 2.20 57.60 9.80
ostreatus
Flammulina 17.60 1.90 73.10 7.40
velutipes
Lentinula 32.93 3.73 47.60 5.20
edodes
Vovarella 37.50 2.60 54.80 1.10
volvaceae

As can be seen from the table 1, high nutritional
value determines the widespread use of mushrooms in the
technology of low-calorie production, due to the low
content of fats in them, as well as an alternative source of
protein.

Due to the unique chemical composition, fungi are
a promising functional raw material with antioxidant,
antimicrobial, hepatosis and anti-cancer effects [5].

Mushrooms occupy a leading position in terms of
protein content compared to vegetables [6]. The high
biological value of fungal proteins is due to the content of
essential amino acids in them. The content of essential
amino acids in proteins of fungi compared to the “ideal
protein” are shown in table 2 [2].

As can be seen from table 2, cultivated mushrooms
have a significant content of essential amino acids, close
to their amount in the "ideal protein", which allows us to
predict the prospects of using this type of raw material as
a source of high-grade protein and minnow meat.

The carbohydrate component of fungi is
predominantly represented by B-glucans by polymers, as
well as chitin, mannan, galactans and xylan [7] The
digestive enzymes secreted by the pancreas cannot
hydrolyze the B-glucosidic bond, fungal polysaccharides,
therefore, indigestible carbohydrates can act as prebiotics
in the human body [8]. The authors [9] noted the
influence of non-digestible polysaccharides of fungi on
the growth of
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Table 2 — The content of essential amino acids in proteins of mushrooms, compared with the "ideal protein"

The content of this amino acid, g per 100 g of protein
Amino acids : :
name Perfe'ct Oyster Shiitake | Enoki Flammphna Vovarella Agarlcus Pleuro‘gl'ls Straw
protein | mushroom velutipes | volvaceae | bisporus | eryngii | mushroom
Essential 36.0 42.7 45.7 | 77.9 31.6 39.4 69.3 38.8 43.8
amino acids
Valine 5.0 5.0 5.2 7.1 3.0 2.7 8.1 4.3 6.3
Isoleucine 4.0 3.8 4.7 11.9 3.6 4.0 16.4 2.3 5.3
Luecine 7.0 8.8 9.2 114 5.6 8.2 14.3 2.3 7.3
Lysine 5.5 5.0 5.6 154 3.9 5.2 13.0 0.6 6.2
Methionine | 5 5 75 60 | 7.1 3.8 54 43 15.6 6.7
+Cystine
Threonine 4.0 4.2 4.8 7.8 34 5.0 43 3.0 52
Phenylalanine | 6.9 90 | 137 7.1 7.0 56 9.7 6.7
+Tyrosine
Tryptophan 1 1.5 1.2 3.4 1.2 1.9 3.2 1.0 0.1
Nonessential
. . - 54.0 55.2 100.4 347 50.9 78.0 34.5 52.7
amino acids
Arginine - 5.4 53 12.8 43 5.5 8.8 2.4 4.9
Glutamic acid - 16.6 11.5 27.8 7.3 11.9 12.7 6.3 14.0
Alanine - 8.2 9.9 10.3 5.4 8.2 9.2 42 9.7
Glycine - 6.1 10.3 8.0 4.1 5.4 6.7 2.6 6.9
Asparaginic - 9.8 78 | 16.9 73 10.5 229 73 8.6
acid
Proline - 1.7 34 12.2 1.9 3.0 8.2 7.7 2.1
Serine - 42 4.7 7.0 2.7 34 7.4 2.9 42
Histidine - 1.9 2.2 5.5 1.5 2.9 2.0 1.3 2.3
TOtﬂc?;“mo ; 96.7 100.9 | 1784 | 662 90.3 147.3 73.3 96.5

beneficial bacteria in the human gastrointestinal tract. A
stable antimicrobial effect against a number of pathogens
(Bacillus cereus, Staphylococcus aureus and Salmonella
typhimurium) was also noted [10].

The carbohydrate component of fungi is
predominantly represented by B-glucans by polymers, as
well as chitin, mannan, galactans and xylan [7] The
digestive enzymes secreted by the pancreas cannot
hydrolyze the B-glucosidic bond, fungal polysaccharides,
therefore, indigestible carbohydrates can act as prebiotics
in the human body [8]. The authors [9] noted the
influence of non-digestible polysaccharides of fungi on
the growth of beneficial bacteria in the human
gastrointestinal tract. A stable antimicrobial effect against
a number of pathogens (Bacillus cereus, Staphylococcus
aureus and Salmonella typhimurium) was also noted [10].

Edible cultivated mushrooms are a good source of
vitamins, in particular B vitamins (thiamine B1, riboflavin
B2, niacin B3, pantothenic acid B5 and folate B9),
vitamins D and E [11], as well as minerals (K, Ca, P, Na,
Mg) [12].

Thus, mushrooms are quite attractive as food
ingredients for enrichment, for their nutritional value,
safety and affordability.

The discussion of the results

Given high nutritional and biological value, edible
cultivated mushrooms are widely used in the food
industry. However, the technology of such popular
products as cooked smoked sausages requires the
attention and intervention of scientific technologists.

The authors of [13] found that they were in good
condition for the hour of free champagne at the
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fermentation of fermented pork sausages. There was also
a reduction in the number of products for the market share
of frequent replacement of meat from the Syrovini.

While using mushroom raw materials in amount of
15-30% in the technology of beef sausages, the authors
[14] of established improvements in the technological
properties of the finished product, and an increase in the

content of essential amino acids to 10%, as well as a
decrease in fat content compared to analogues.

The authors note [15] the improvement in the
quality indicators of the finished product when using
edible cultivated mushrooms in the form of a powder in
the production of chicken sausages.

Table 3 shows the chemical composition of the
developed samples.

Table 3 — The chemical composition of the samples developed cooked smoked sausages and their analogue

Content, % Energy value,
Sample Name — i

Humidity | Protein Fat Carbohydrate | Ash keal

Sausage cooked smoked "Cervelat™ | g 1 o1 | 94 010.1 | 40,5001 | 0,20£0,01 | 6.2+0.1 468
(control)
Sausage cooked smoked with fried | 3y 5,1 | 233.01 | 30.420,1 | 0,14£0,01 | 6,120,1 455
mushroom powder (sample 1)
Sausage cooked smoked with finely
ground mass of cooked mushrooms 41,6+0,1 | 19,6+0,1 | 32,6+0,1 0,94+0,01 5,24+0,1 381
(sample 2)

For the quality of meat and sausage minced meat,
as well as finished products corresponds to such a
rheological indicator as water-binding ability.

During cooking, the free moisture contained in the
mushrooms is removed, and bound contains protein and
hydrocarbon structures. As a result of fine grinding of the
tissues of meat and mushrooms, the particle size
decreases, and their total surface increases. Moisture turns
into surface-bound moisture; the losses of sausages during

heat treatment were insignificant. The use of mushroom
raw materials in the production of cooked smoked
sausages affected the content of the mass fraction of
moisture. The value of the humidity indicator presented in
the Table 3. The results of the organoleptic assessment
(on a 5-point scale) of the quality of cooked smoked
control sausages and experimental samples using a
mushroom ingredient are presented in table 4.

Table 4 — Organoleptic characteristics of boiled sausages of research and control samples

" " Sausage cooked smoked Sausage cooked smoked with
Parameter | Sausage cooked smoked "Cervelat . .
with fried mushroom finely ground mass of cooked
name (control)
powder (sample 1) mushrooms (sample 2)
Appear Attractive cutaway appearance, evenly mixed meat with single pores
Cutaway Pink Pale pink Gray pink
color
Smell and Pleasant', characteristic of t'hIS Well defined, pleasant, Well defined, pleasant, without
product, without strangers, with the without extraneous smacks
Taste . extraneous smacks and odors
aroma of spices, moderately salty and odors
Consistency Dense Tender, firm, tight Tender, firm, tight
Conclusions CnMCcoK IMTEPaTyphbl

Thereby, the high nutritional and biological value
of mushrooms, the indicated functional properties of
edible cultivated mushrooms allow their use in the
production of cooked smoked sausages in order to
improve consumer properties, reduce calorie content, as
well as produce functional products. In addition, for the
Ukrainia n population, replacing part of the sausage meat
with a finely ground mass of boiled mushrooms or with
dry powder from fried mushrooms will reduce the use of
soya-based minced meat substitutes. For the Chinese
population, the problem of processing mushrooms, whose
production is more than 5 thousand tons per year, will be
solved.
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Byow nacka, nocunaiimecs Ha yio cmammio HACHYRHUM YUHOM.

CrenanoBa, T. M. IlepcrieKTHBBI HCIIOJIb30BAaHUS KYJIbTUBHPOBAHHBIX IPUOOB B TEXHOIOTWH KonbacHbIX mamenuid / T. M.
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coepemennvix mexuonoeusx. — XappkoB: HTY «XIIW». —2019. — Ne 2. — C. 75-80. — doi:10.20998/2413-4295.2019.02.11.
AHHOTAIIHA Jina pewenus npobnem, CA3aHHLIX C PACUIUPEHUEM ACCOPMUMEHMA KONOACHbIX U30enuti NOGbIUEHHOU
buonozuueckol yennocmu, Obll NPo6edeH NOUCK ANbIMEPHAMUBHLIX, NPUPOOHBIX U OOCHYRHBIX UCMOUHUKOS Oenka. Taxosvimu
npeonazaemcs paccmampueams Kyibmusuposauuvie epubsl. HJeduyum 6eika 6 payonax numanus mooei, O0aeHO Yxce CMai
NPUYUHOU NOUCKA CNOCODO8 NOBbIWEHUS OUOIOSUYECKOU YEHHOCMU, NOIMOMY Mbl npedidazdaem ONMUMALbHbIE COOMHOUEHUS
KOMNOHEHMO8 KONOACHO20 (papuia, cocmosujeco u3 MACHO20 U 2pubHO20 cbipba. Llenvlo makozo KOMOUHUPOBAHUA — AGHAEMCA
docmudiceHue cocmaea KOMOACHbIX u30eauti 00 dceraemMo2o npubnudcenus K UdeanvHomy 6enky” npu  ycmaHo61eHHbIX
mexHono2uyeckux s¢hpexmax ons 0anHo2o npouzeodcmea. OCHOBHOU 3adaueti pabomvl AGNAEMCA U3YYEHUE NUWEBbIX U BKYCOBbIX
Kauecms 20moeoul npooyKyuu 0Jisk pACUIUPEHUsL ACCOPMUMEHMA (DYHKYUOHATbHBIX KONOACHbIX U30enuUll HA MACONEPepadamvléauux
npeonpusamusx Ykpaunvl u Kumas. Ananus npuseoennblx 0aHHbIX NOKA3bIEAEN, YMO C YEENUUEHUEM YPOBHS 3AMEHbL MACA SPUOHBIM
CcbipbeM Npoxooum nepepacnpeoeienie Maccogvix donei enazu, Oenka, sxcupa u sonvrocmu. Ha nepepacnpedenenue smux e
noxazameneti éusem @QuuvecKkoe COCMOAHUE BHOCUMO20 SPUOHO20 CbIDbA: NOPOWOK UAU MOHKO UsMenbieHnas macca. bvino
3agurcuposano ymenvuieHue Maccosot 0oau dxcupa npubnusumenvio na 3% u 6 % coomeemcmesenno. CnedoeamenvHo, CHUdICEHUE
snepeemuueckou yennocmu: ¢ 362 kxan 0o 335-304 kxan. Jons y2ne6o006 6 onvbimuuix odpasyax yseauuusanacy 6 cpeonem na 1-2 %.
Maccosaa dons berka ocmasanace NPaKmuyecku HeUIMeHHOU, HO cocmas 6enxa Ovin Oonee 0au30k K tioeanvrhomy Oenxy! Ilo
Pe3VIbMmaAmam OpeaHOIEnMUYecKoll OYeHKU BbIACHEHO, Ymo npu paspabomie peyenmyp 6apeHO-KONYeHbIX KOMOAcC yenecooGpasHo
6HOCUMb 8apeHble 2pubvl ¢ konuuecmse 15-20% 6 moukousmenvueHHOM 8ude. B gude cyxoeo nopowxa uz 0024capentvix epubos - 6
koauvecmee 3,0-7,0 % na smane nepemewtusanus. Ilpusedennvie 6 cmamve OanHble, NO3GOIAIOM OYEHUMb NEPCHEKMUBY
Hanpaeienutl nUWeeoll NPOMbIUUIEHHOCIU 6 cepe npouseo0cmea KOADACHbIX u30enutl, 0002awentblx noxygadbpuxamamu
DA3IUYHOU CIeneHy 20MO8HOCHU HA OCHO8E KYIbMUBUPOBAHHBIX 2pUbos. Pesyivmampl ananumuyecko2o ucciedo8anus, Ompaicarom
VHUKANBHYIO CMeNneHb NPUbIUMCeHUs AMUHOKUCIOMHO20 COCMA8A KYAbMUBUPOBAHHBIX 2pubos K tioeanvnomy 6enky!” Ocoboe
SHUMAHUE YOCNIEHO ICCEHYUAbHBIM (TUMUMUPYIOWUM) AMUHOKUCTIOMAM, UX COOEPHCAHUIO 6 COCMABE HOBbIX 6UO08 KONOACHbIX
uzoenuil.

Knroueevie cnoga: xyivmusuposanivle 2pubbsl, epubHOl ROPOULIOK, OUON02UUECKAs YeHHOCMb, KonbacHble uzdenus, oeuyum beixa
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