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AHOTANIA
Han Xaiiizronb. Po3po0Oka TexHomor1i M’ ICHUX MPOIYKTIB 31 3HKEHUM BMICTOM
JKUPY 3 BUKOPUCTAHHSM iCTIBHUX rpu0OiB. — KBamidikaliiiHa HayKoBa Mpails Ha mpaBax
pykomnucy. Jluceprartis Ha 3100yTTs CTyneHs JTokTopa (inocodii 3a cnerianbHicTio 181

— «XapuoBi TexHoJor1i» — CyMChbKUI HalllOHATBHUM arpapHuit yHiBepcuteT, Cymu, 2023.

Jucepraiiiiiny poOOTy HpPHUCBSIUYEHO HAYKOBOMY OOTPYHTYBaHHIO Ta pPO3poOiii
TEXHOJIOT1i M’SICHUX MPOIYKTIB 31 3HMKEHHM BMICTOM XHPY — KypsIdMX COCHCOK 13
IaMITIHBHOHOM IBOCTIOpOBUM (Agaricus bisporus (Ab)).

HaykoBo 10BeIeHO JOIUIbHICTH BUKOPUCTAHHS MOPOIIKY Ab SK 3aMIHHUKA XUPY
Ipy BUPOOHUIITBI HEXUPHOI Kypsdoi MpoAykiii. bygo TeopeTMuHO Ta MPaKTUYHO
OOIPYHTOBaHO 1HHOBALIIITHY CTPATET10 PO3POOKM HOBOT MPOAYKIIIT 3 KYPKH 31 3HUKEHUM
BMICTOM JXKHpY 13 Ab.

M'sco MICTUTh PI3HOMaHITHI KOPUCHI [JIl 370pOB’S JIIOAMHM HE3aMIiHHI
KOMIOHEHTHU. Pa3oM 13 TUM, NPOAYKTH 3 mepepodsieHoro M’sca MIicTATh 10 30 % xupy.
UncneHHUMH TOCIPKEHHSIMH BCTAHOBJICHO 3B'S30K MK PI3HOMaHITHUMH XPOHIYHUMU
3aXBOPIOBAHHAMH Ta CIHOXXUBaHHSAM padiHOBAHUX M SICHUX MPOAYKTIB 3 BHCOKHM
BMICTOM JKHpY. TE€XHOJOTI4HI (BOJOTOyTpUMYBaJlbHAa 3/1aTHICTb, TEIJIOBI BTPaTH,
CTaOlIBHICTh €MYJIbCIi, KOHCUCTEHIIISI) Ta OPTaHOJENITHYHI (CMaK, 3armax, KOHCUCTEHIIIs,
COKOBUTICTb, 3arajibHa CIPUNHSATHICTh) BIIACTUBOCTI MPOIYKTY 3HUXKYIOThCS BHACIIIOK
3HIDKEHHS BMICTY >kupy. lle BIiMBae Ha MOTEHIAT PUHKY Ta CIIOKHUBYE CIPUHAHSATTS
M’SICHUX MPOJYKTIB 31 3HUKEHUM BMICTOM KUPY. TOMy CTBOPEHHS M’ ICHUX TIPOAYKTIB 31
3HIYKEHUM BMICTOM YKHUPY € BUKIUKOM ISl M SICHOT rajy3i.

[Tommpenuii KylnbTUBOBaHUN COPT TpubOIiB Ab Mae HU3BKUU BMICT KHUPY Ta HE
BOJIO/IIE BUCOKOIO KaJIOPIMHICTIO, MTPOTE BMINIY€E ICTOTHY KIJIBKICTh OUJIKY BYIJIEBOJIIB 1
Xap4oBUX BOJIOKOH. B po0oOTi 3a3HaueHO HAa 3HAYHWW TOTEHIAl OUIKIB, BYIJIEBOMIB 1
XapyoBUX BOJIOKOH SIK 3aMIHHUKIB »kupy. Tomy rpu0® Ab € i7eanbHOI0 3aMiHOIO
TBAPUHHOTO JKUPY B M'SICHUX MPOTYKTaX.

Ha nmouarky pocmixeHb GopMy€eThCsl HayKOBa TIMOTE3a 3a pe3yJbTaTaMy aHallizy



Cy4JacCHUX JITEPATypHUX JKEPEI, sSIka HAyKOBO MIATBEPKEHA B TCOPETUYHOMY aHai31 Ta
eKCIIEpUMEHTAIBHIN YacTHHI. SIK pe3ynbTar, TOCTIKeHHS IEPEeBIPSAIOTHCS MTPAKTUIHUM
3aCTOCYBaHHSIM.

[Tlin yac eKcCnepuMEHTAIBHUX JOCHIKEHb BHUKOPHCTOBYBAJIUCS PI3HOMAHITHI
METOIM aHalli3y, 30KkpeMa, (Pi3HMKO-XIMiuHi, MIKpOOi10JIOT14Hi, 010XiMIYHI, CIIEKTPaJIbHI,
(b13uKO-MexaHIuHi, CEHCOPHI, CUCTEMHOTO aHajii3y Ta KOMIUIEKCHI, a TaKOXX METOAH
IUIaHYBAaHHS EKCIepUMEHTY. BcTaHoBieHO BIUIMB Ab Ha OCHOBHI XapakTEPUCTUKHU
Kypstaoro (apiry Ta Kypssaux COCHCOK.

Ha migcraBi OoTpuMaHMX pe3ylbTaTiB AOCIIIKEHb PO3POOJIIEHO TEXHOJOTIIO
COCHCOK 31 3H>)KEHUM BMICTOM >KUPY 13 BUKOPUCTAHHSAM K OCHOBHOI CUPOBHHH — KypKHU
Ta Ab, a TakoX INEpPEeBIPEHO MPAKTHUYHUM 3aCTOCYBaHHSIM HAyKOBY OOIDYHTOBAHICTh
pe3yNbTaTiB JOCHTIKCHb.

B nepriomy po3aini aucepratiii npeAcTaBiIeHo pe3yIbTaTy aHali3y JIiTepaTypHOro
ONJISIAY IIOJAO0 CyYacHUX TPEHIIB CIOXKUBAHHS M’sica 1 M’SICHOI MOPOAYKIII,
XapaKTEPUCTUKHU OXOJIOJKEHUX M’ SICHUX MPOAYKTIB 1 TPOTPECUBHI TEXHOJIOT11 3HUKEHHS
YKUPY B HUX, 3aCTOCYBaHHS TPUOIB Y XapUOBHX MPOIYKTaX 1 MEPCIICKTHBHU 3aCTOCYBaHHS
[IaMIiHbAOHA IBOCIIOPOBOTO B MPOIYKIIIT 3 NTHUIN 31 3HUKEHUM BMICTOM KUDY.

Hpyruii po3ain nuceprailii BKIIOYA€E MIaH TEOPETUYHUX Ta €KCIEPUMEHTATbHUX
JTOCHTIKEHb, a TaKOX JETaJbHUM OMUC MarepialiiB 1 METOAIB JOCIIIKEHHS, IO
3aCTOCOBYBAJIUCH Y poOoTi. EKcriepuMeHTanbHa yacTiHa Oyiia BUKOHaHA B JIA0OPAaTOPHUX
YMOBaxX KOJIEIKY XapyOoBUX HayK Ta TexHousorii mpoBiHuii XeHanb, KHP. Po3pobnena
MpOayKIlisl Oylia anpoOoBaHAa Ta BIPOBAKEHA Y BHUPOOHUIITBO JBOMA XapyOBUMHU
KoMIaHissMu TpoBiHIii XeHanb, KHP.

VY TpeTrboMy pO3/iIi HaBEACHO PE3yAbTaTH JOCIIKEHHS BIUIMBY P13HOI KIJIBKOCTI
BHECEHHSI, CIOCOOY BHECEHHS Ta PO3Mipy 4YacTUHOK Ab Ha sKicTh Kypsiaoro (apiry, a
TaKOXK MEXaHI13M B3aeMoii MK Ab 1 KypssuuM apriem.

VY pociniikeHHI BUKOPUCTOBYBAJIA Kypsidy T'PYIKY SIK CUPOBHUHY Ta MOPOIIOK Ab
nuist 3aminu 2%, 4%, 6%, 8%, 10%, 20%, 30%, 40% 1 50% TBapuHHOTO KUY B KypIIOMY
dapun BignoBigHO. Pe3ynbratu mokaszanu, mo B pesyabTari 3aminu 20% sxkupy Ha

NOpoHIoK Ab 3HAYHO MOKPAIIUIUCH CTPYKTYPHI MOKA3HUKH Kypsiuoro (apiry, npu boMy



MIKpOCTPYKTypa CTaja OUIbII KOMIIAKTHOIO Ta OJHOPIAHOK. 3 METOI OLIbIll
MPUHAHATHOTO CIIOCOOY 3aMiHU JXKHUPY MOopoIiikoM Ab Oyi0 00paHO BOAY Ta COEBY OJIIO ,
0 € HAWOUIBI CIOXXWBAHOIO B yChOMY CBITi. Pe3ymbTarm mokaszanm, 1o KOMOiHAIlis
nopomiky Ab 1 cOeBOT 0Iii BUSIBUJIACS KPAIllOlO, 3aBJIIKM YOMY YaCTHHA BUIBHOI BOJIU B
KypstuoMy (Qapiiii epeTBOpUiIacs Ha 3B’ s13aHy, a BUX1/l, BOJIOTOYTPUMYBaJIbHA 3/1aTHICTb,
TEKCTypa Ta PeoJIOrivHI BIACTHUBOCTI Kypsiuoro (apiry 3uadno (P <0,05) mokpamuiucs.

[Tpu BUKOpHCTaHHI COEBOT 0111 Ta MOPOIIKY Ab 13 pI3HUM PO3MIPOM YaCTHHOK JIJIS
3aminu 60 % xKupy pe3yiabTaTi KOJESALIHOTO aHalli3y MOoKa3alld, 1110 PO3MIp YaCTUHOK
Ab Kopenroe 3 BUXOIOM MpU TEIUIOBIM 00poOIll, BOAOYTPUMYBAJbHOIO 3aTHICTIO,
3HadeHHsMU L*, a*, b* 1 3nauennam pH kypsiaoro dapury. Takox po3mip yacTHHOK Ab
MaB TOMIpPHY KOpEJIil0 3 MPYXKHICTIO. Byl0 BCTAHOBIEHO ONTHUMAalbHUN PO3MIp
qacTHHOK mopoIky Ab D2 (100um).

[lix wac momaBaHHA 10 PO3UYMHY Kypsidoro miodiopuispHoro 6inka 1%, 2%, 4% 1
6% mopomky Ab BiJNOBIJIHO, TEKCTypa Tesito MiopiOpuiispHOro O11Ka MoKpalryBasacs
npu onaBaHHi nmopomky Ab B miana3zoni 1% — 4%. Kpim Toro, Ab 3amoBHIOBaB CITKY
TeJII0 Ta CIPUSIB PO3TOPTAHHIO O-CIIPAJIbHOI CTPYKTYpU Mio(iOpusl Ta YTBOPEHHIO [3-
JaHIIOTIB Mi0M1OpMWISIpHUX OUIKIB MiJ Yac iX TepMIYHOI JeHaTypallii, Mo Ipu3Besio 10
IIiIJIbHOT arperoBaHOi CITYACTOT CTPYKTYPH.

VY yeTBEepTOMY PO3ALTI MPEACTABICHO PEUENTYPY KypSAUUX COCHCOK 31 3HMKCHUM
BMICTOM JKHDY, 3 J0JlaBaHHsAIM Ab, MpOBEICHO iX OIIHKY SKOCTI, XapuyoBOi IIIHHOCTI Ta
MOKa3HMKIB 30€piraHHsl.

PenientypHa kommno3uitist Oyjia oTprMaHa Ha I1JICTaBl CEHCOPHOT OI[IHKY BHECEHHS
KapTOIUITHOTO KPOXMaJlo, Kypsidoro (apury, coii Ta Ab 10 KypsduX COCHCOK 31
3HI)KEHUM BMICTOM KHUpY. bBylo Takok MOCHIPKEHO iX XIMIYHHUW CKJIall, BMICT
aMIHOKHUCIIOT 1 dKUPHHUX KHUCIIOT, BUX1]T 1 MIKPDOCTPYKTYPY.

J11s BU3HAUEHHS OKa3HUKIB 3M1HU SIKOCT1 KYpPSYMX COCUCOK 31 3HH>KEHUM BMICTOM
XKUPY i yac 30epiraHHs, BUBHAYAIN 3MIHM KOJIbOPY, KOHCUCTEHI1i, aHTHOKCHIAHTHUX
BiIacTuBocTed, pH, a TakoXX MiKpOO1OJOTiYHI MOKA3HUKU COCHCOK MPOTATOM YCHOTO
30epiranHs. Pe3ynbratu mokaszayid, 1m0 Kypsdl COCHUCKH 31 3HM)KCHHUM BMICTOM KHUPY

MarOTh JIOBIIMM TepMiH 30epiraHHs Ta O1IbII CTaO1IbHI TOKa3HUKH SKOCTI1, MIHIMAJIbHUN



TepMiH 30epiraHHs SKUX CTAaHOBHUTH 25 NHIB. 3a pe3yiabTaraMH JIOCIIIKEHb OyIo
PO3pO0JIEHO TEXHOJIOTTYHY CXEMY BUPOOHUIITBA KypSAUMUX COCUCOK 31 3HUKEHUM BMICTOM
KUPY.

VY m’aromy po3/iuli OLIHEHO €KOHOMIYHY €()eKTHUBHICTh PU BUPOOHHUIITBI KYpPSUUX
COCHCOK 31 3HMKEHUM BMICTOM >KHpy. Pesynpratu mokaszaiu, 10 iX HTPOMHUCIOBE
BUPOOHUIITBO 13 BUKOPUCTAHHSAIM Ab Mae CyTTe€BUIl €KOHOMIYHUN MOTEHIlIAM, IepeBaru
Ta 3aCIIyTOBY€ yBaru Mpy MpoOCyBaHHI Ha PUHOK.

Takum ynHOM, Oy710 BU3HAYEHO KIJIBKICTh, CLIOCIO BHECEHHS Ta PO3MIP YACTUHOK
Ab, KITBKICTB Kypsidoro ¢apiiy, KapTOIUITHOTO KpOXMaJIko, COJl Ta COJIyKu Ab 1 coeBoi
ONMii NUISIXOM OIIHKH SIKOCTI TeNI0, PEOJIOTIYHUX TIMOKa3HUKIB, PO3MOAUTY BOJIH,
MIKPOCTPYKTYPH, CEHCOPHHMX XapaKTEpUCTHUKH, MOKA3HUKIB XapyoBOi I[IHHOCTI Ta
30epiranHs. YCHIIIHO PO3pOO0JICEHO SIKICHI, MOKUBHI, HU3BKOKAJIOPIHI, KOPUCHI Kypsyl
cocuckd. B Toil ke 4yac MexaHI3M IOKpAalleHHS BJIACTUBOCTEH KypsA4yOro rejro 3a
0moMOror0 Ab Oysio BHUBYEHO INpU B3aeMOAll MUK Ab 1 KypsuuMm MioQ1OpHISIpHUM
OUIKOM, MO 3a0e3MeYMI0 TEOPETHUYHY OCHOBY JUIS 3aCTOCYyBaHHS Ab y M SICHHUX

MPOJTYKTaX.
KitouoBi cioBa: KynbTUBOBaHI TpubdH, Agaricus bisporus, SKICTb M'Aca KypKH,
COCUCKH, Xup, HamiBpaOpukaTu, 3HUKEHA TeMIleparypa, Teib, TEXHOJIOTis, OUIOK,

30epiraHHs.
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ANNOTATION

Nan Haijuan. Development of low-fat meat products technology using edible
mushrooms - Qualified scientific research work manuscript.

Dissertation for the degree of Doctor of Philosophy in the speciality 181 - «Food
technology» - Sumy National Agrarian University, Sumy, 2023.

This thesis 1s devoted to the scientific justification of the low-fat chicken sausage
technology based on the low-fat chicken batters with Agaricus bisporus (Ab) mushroom.

This thesis presents the results of the current trend analysis of meat and meat product
consumption, the characteristics of low-temperature meat products and the progress of
fat-reduction technology, the application of mushrooms in food, and the application
prospect of Ab in low-fat chicken products.

It was proved scientifically that the feasibility of using Ab powder as a fat substitute
in the production system of low-fat chicken products.

It was identified that an innovative strategy for the development of a new low-fat
chicken with Ab by theory and practice.

A variety of essential nutrients for human health can be found in meat. However,
some processed meat products have up to a 30 % fat content. A significant number of
research have discovered a link between various chronic diseases and consumption of
high-fat refined meat products. The technical (water holding capacity, cooking losses,
emulsion stability, texture, etc.) and organoleptic (taste, smell, mouthfeel, juiciness,
overall acceptability, etc.) quality of the product is reduced as a result of the reduction in
fat content, which has an impact on the market potential and consumer acceptance of low-
fat meat products. As a result, creating low-fat meat products is a challenge for the meat
business.

A widely cultivated mushroom variety, Agaricus bisporus (Ab), is low in fat and
energy, but high in protein, carbohydrates, and dietary fiber. The potential of protein,
carbohydrates and dietary fiber as fat substitutes has been demonstrated. Therefore, Ab
mushroom is an ideal substitute for animal fat in meat products.

The study begins with the formation of a scientific hypothesis based on the results



10

of the analysis of modern literature sources, which is scientifically confirmed in
theoretical analysis and experimental studies. Finally, the results of the study are verified
by practical application.

During the experimental research, the methods of analysis, physicochemical,
microbiological, biochemical, spectral, physical mechanics, sensory, systematic analysis
and comprehensive methods and planning experimental work were used. The effects of
Agaricus bisporus on the main characteristics of chicken batters and chicken sausage
were established.

Based on the research materials and the results obtained, a technology for the
production of low-fat sausages using Agaricus bisporus and chicken as the main raw
materials was developed and the scientific validity of the research results was verified by
practical application.

The first section of the thesis analyzed the trend of meat and meat product
consumption, the characteristics of low-temperature meat products and the progress of
fat-reduction technology, the application of mushrooms in food, and the application
prospect of Ab in low-fat chicken products.

The second section includes a description of the research material, a list of the
research methods used in the work and their detailed description, and a general plan for
conducting theoretical and experimental studies. The experimental part was carried out
mainly under experimental conditions at the College of Food Science and Technology of
Henan Province, China. The developed products was approved and applied for
implementation in two food companies in Henan Province, China.

The third section describes the results of the study of the effects of different addition
amounts, addition methods and particle size of Agaricus bisporus on the quality of
chicken batters, and the mechanism of interaction between Agaricus bisporus and chicken
batters.

The study took chicken breast as raw material and Ab powder as a fat substitute to
replace 2%, 4%, 6%, 8%, 10%, 20%, 30%, 40% and 50% of animal fat in chicken batters
respectively. The findings showed that substituting 20% of the fat with Agaricus bisporus

powder considerably enhanced the textural qualities of the chicken batters and made the
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microstructure more compact and consistent. To find a suitable way of replacing fat with
Agaricus bisporus powder, the most economical water and the most widely consumed
soybean oil worldwide were chosen to replace fat in combination with Ab powder. The
results showed that the combination of Ab powder and soybean oil performed better,
which made a part of free water of the chicken batters transformed into immobilized water
and CY, WHC, texture, and rheological properties of the chicken batters significantly (P
< 0.05) improved.

When soybean oil and Agaricus bisporus powder with different particle sizes were
used to replace fat of 60 %, the correlation analysis showed that the particle size of Ab
was highly correlated with the cooking yield, water holding capacity, L*, a*, b*value and
pH value of chicken batters. In the meantime, the particle size of Ab had a moderate
correlation with springiness. The optimal particle size of Ab powder was D2 (100um).

When the chicken myofibrillar protein (MP) solution was added with 1%, 2%, 4%
and 6% Agaricus bisporus powder fraction, respectively, the texture of the MP gel
improved when 1% — 4% Ab powder was added. Furthermore, Ab filled in the gel network
and promoted the unfolding of a-helix structure of MP and the formation of B-sheet of
MP during the thermal denaturation of MP, leading to a dense aggregated network
structure.

In the fourth section, the formulation of low-fat chicken sausage containing Agaricus
bisporus was optimized, and the quality, nutritional value and storage characteristics of
low-fat chicken sausage were evaluated.

The optimal formulation was obtained by sensory evaluation for the addition of
potato starch, chicken essence, refined salt and Agaricus bisporus in low-fat chicken
sausage.

Low-fat chicken sausage production, nutritional value, and quality characteristics
were examined. The research assessed the chemical composition, amino acid and fatty
acid content, cooking yield, and microstructure of the sausages. The findings
demonstrated that low-fat chicken sausage's cooking yield was unaffected by its increased
nutritional value and more logical nutritional composition.

In order to obtain the quality change pattern of low-fat sausages during storage, the
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changes in color, texture, antioxidant properties, pH, and total viable counts of sausages
throughout storage were determined. The results showed that low-fat chicken sausages
had longer shelf life and more stable storage qualities, with a minimum shelf life of 25
days. Based on the outcomes of the experiments, the technological frameworks for the
manufacturing of low-fat chicken sausages was developed.

In the fifth section, the economic benefit of producing low-fat chicken sausage was
evaluated. The results indicated that the industrial production of low-fat chicken sausages
using Agaricus bisporus had good economic prospect, huge benefits, and was worth
promoting.

In a word, the addition amount of Ab, addition method of Ab, the particle size of Ab,
the addition amount of chicken essence, potato starch, refined salt, and the compound of
Agaricus bisporus and soybean oil were optimized by evaluating the quality of gel,
rheology, water distribution, microstructure, sensory characteristics, nutritional
characteristics and storage characteristics. A high-quality, nutritious, low-calorie, healthy,
low-fat chicken sausage was successfully developed. Meanwhile, the mechanism of
improving chicken gel properties by Agaricus bisporus was discussed through the study
of the interaction between Agaricus bisporus and chicken myofibrillar protein, which
provided a theoretical basis for the application of Agaricus bisporus in meat products.

Keywords: cultivated mushrooms, Agaricus bisporus, quality of chicken meat,

sausage, fat, semi-finished product, low-temperature, gel, technology, protein, storage.
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INTRODUCTION

Ukraine and China have traditional friendly relations. The cooperation between the
two countries in the field of science and technology is one of the priority areas of bilateral
relations, and is constantly strengthening. The two countries signed an agreement on
mutual recognition of educational and scientific degrees.

Relevance of topics. Meat contains many essential nutrients for human body, such
as protein, iron, zinc, selenium, vitamins, etc. Protein from animals has high biological
value, and contains many essential nutritional amino acids for human body. Therefore,
meat intake is beneficial. The fat content of some processed meat products is as high as
20 - 30%, which 1s very popular in all regions. However, a large number of studies have
found that intake of high-fat refined meat products is associated with cardiovascular
disease, hypertension, diabetes and other diseases. If we directly reduce the consumption
of various processed meat products, it will certainly affect the sustainability and economy
of the meat industry. Therefore, a more active way to solve this problem is to develop
innovative processed meat products, which not only provide necessary nutrition, but also
do not affect the normal health of consumers.

Consumers are also now preferring meat products that contain ingredients that are
beneficial to health or do not contain ingredients that might cause health problems, which
indicate a potential market opportunity for meat products that will see huge growth over
the next decade. The first step in developing this healthy meat product is to reduce the
high fat content of most processed meat products. However, the reduction in fat content
leads to a reduction in the quality of the product in terms of technical (water holding
capacity, cooking losses, emulsion stability, texture, etc.) and organoleptic (taste, smell,
mouthfeel, juiciness, overall acceptability, etc.), thus affecting the marketability and
consumer acceptance of low-fat meat products. Therefore, the meat industry is facing the
problem of developing low-fat meat products.

Agaricus bisporus (Ab) is a cultivated mushroom variety worldwide, which is rich
in nutrition and delicious taste and deeply loved by consumers. However, Ab mushroom

is very easy to spoil and deteriorate, and the shelf life is only a few days, which restricts
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the development of Ab mushroom to a certain extent. Deep processing is an effective way
to solve this problem. Ab is rich in protein, carbohydrates and dietary fiber, but low in fat
and energy. The protein in Ab mushrooms has amphiphilic properties, which helps to form
a stable emulsified meat emulsion system. When the polysaccharide in Ab mushrooms
fully absorbs water, it can simulate the smooth taste of fat based on the physical properties
of the water-like liquid system, act as a fat-like emulsification, and improve the water
retention of the product. The insoluble dietary fiber in Ab mushrooms can be used as a
filler, which is distributed in the gel network structure of the meat batters to improve the
gel strength of the meat batters. Therefore, Ab mushroom is an ideal substitute for animal
fat in meat products.

However, how to develop low-fat meat products successfully with Ab mushroom
1s not easy, because it involves issues such as technology, formula, nutrition and product
acceptance. Therefore, establishing the action mechanism of Ab mushroom on the meat
gel system, optimizing the production process parameters of low-fat meat products with
Ab mushroom, and studying the nutritional and storage characteristics of low-fat meat
products are the main contents of this study.

Relationship with science programs, plans, themes. The thesis work was carried
out according to the main directions of Sumy National Agrarian University and Henan
Institute of Science and Technology. This work was supported by the 2021 Zhongyuan
science and technology innovation leading talent project (N0:224200510019), 2022
Henan Province Key Science and Technology Research Project (No:222102110179)-
“Development of low-fat chicken sausage with Agaricus bisporus and study of its
mechanism of action”.

The purpose and tasks of the research. The purpose of this dissertation is to
develop a low-fat chicken product containing Ab mushroom. To achieve this goal, the
following tasks must be solved:

The formation rule of the low-fat chicken gel system containing Ab mushroom was
established, and the process parameters of the system were determined.

The process and formula composition of the low-fat chicken batters and low-fat

chicken sausage containing Ab mushroom were determined.
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The feasibility of applying Ab mushroom to low-fat chicken gel system was proved
theoretically.

The nutrition, edible characteristics and storage period of low-fat chicken sausages
containing Ab mushroom were studied.

Analyzed the economic benefits of practical implementation of low-fat chicken
sausages containing Ab mushroom. A standards document on the production processing
and operating key points of low-fat chicken sausages containing Ab was developed and
implemented in companies to gain industry recognition of the study results.

The object of the study - Low-fat chicken product technology using Ab mushroom
as a fat substitute.

The subject of the study - Low-fat chicken gel and model system using Ab
mushroom as a fat substitute.

Research methods: analysis, physicochemical, microbiological, biochemical,
spectral, physical mechanics, sensory, systematic analysis and comprehensive methods,
planning experimental work.

Scientific novelty of the obtained results. The interaction mechanism between Ab
mushroom and chicken myofibrillar protein was systematically studied for the first time,
which provided a theoretical basis for the application of Ab mushroom in meat products.

The effects of different addition amounts, addition methods and particle sizes of
Ab mushroom on the gel properties, rheological properties, moisture distribution and
microstructure of chicken batters were systematically studied for the first time. This is
not only the first theoretical analysis of the gelation process of low-fat chicken batters
containing Ab mushroom during thermal processing, but also the law of cooking yield of
low-fat chicken batters containing Ab mushroom is explained from the state of water in
the gel. The microstructure explained the effect of Ab mushroom on the texture of chicken
batters. The results of this study confirmed the effectiveness of Ab mushroom in the low-
fat chicken gel system and the feasibility of producing low-fat chicken products using Ab
mushroom.

The technical parameters of the application of Ab mushroom in low-fat chicken

batters and low-fat chicken sausages were determined for the first time, which can provide
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a reference for the industrial production of low-fat chicken products with Ab mushroom.

Low-fat chicken sausages were produced using Ab mushroom and soybean oil
complex fat substitutes for the first time.

The effect of Ab mushroom and soybean oil compound fat substitutes on the
nutritional quality of chicken sausage was determined for the first time, and the use of Ab
mushroom to produce low-fat, nutritious and safe chicken products has been scientifically
confirmed.

For the first time, The changes of oxidation, texture, color, pH value and
microbiological parameters of low-fat chicken sausage containing Ab mushroom during
storage were established, and the storage conditions and preservation characteristics of
the new product were scientifically confirmed for the first time.

Practical significance of the obtained results. The technology of low-fat chicken
batters and low-fat chicken sausage based on Ab mushroom and soybean oil as fat
substitutes was developed. The developed technology improved the nutrition value and
edible safety of chicken products, which can be widely used in the production of chicken
products. Such as using this technology to produce low-fat chicken balls, low-fat lunch
chicken meat and other emulsified chicken products.

Personal contribution of the acquirer. The research problems were analysed and
scientifically demonstrated, and the research subjects, objectives and plans were
formulated. Experimental parts of the research were carried out with the direct
participation of the acquirer. Standard documents on the production processing and
operating key points of low-fat chicken sausages containing Ab have been developed and
implemented in enterprises. The author summarized the research results, drew the
research conclusion, and prepared the article and thesis for publication. Acquirer's
individual contributions were substantiated by regulatory and scientific literature
publications.

Approbation of research results. The main research results of the dissertation
work were reported, discussed and received a positive evaluation at the annual scientific
conferences of professors, teaching staff, and postgraduate students of the Poznan

University of Technology (Poland, 2022) and Henan University of science and
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technology (2019-2022). The main research results of the dissertation work were reported,
discussed and received a positive evaluation at some conferences, such as “Informational
and innovative technologies in hotel and restaurant business, tourism and design.
December 1-2, 2021, Dnipro - Opole (Ukraine - Poland)”. “Food Quality and Safety,
Health and Nutrition Congress. 9-11 June, 2021, Ohrid, Macedonia”. “International
Scientific Internet Conference. 2022, September 29-30”. “IX™ international session of
young scientific staff. 2022, May 19-20. Poznan, Poland”. “First international scientific
and practical conference, 2023. May 18. Kharkov, Ukraine”.

Publications. The dissertation materials have been published in full. The main
materials of the dissertation work are presented in 15 scientific works, including: 8
articles, 1 monograph of Ukraine, 6 materials of conferences and abstracts of reports. In
which, 4 articles in approved scientific specialized publications of Ukraine (1 of them in
publications included in the international scientometric databases Scopus), 2 articles
published in the scientific periodical of Macedonia and United States respectively, which
included in the international scientometric databases Scopus, 2 articles included in the
international scientometric databases Web of Science.

Dissertation structure. The dissertation consists of annotation, an introduction,
five chapters, conclusions, a list of used literature sources from 207 names, including 200
foreign ones, as well as 3 appendices. The full volume of the dissertation is 161 pages of

the main text, and contains 37 tables and 41 figures.
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SECTION 1 LITERATURE REVIEW
1.1 Analysis of nutrition and consumption trend of meat and meat products

Meat is a concentrated nutrient source and plays an extremely important role in
human growth and development, especially in the development of the brain and
intelligence[1].

1.1.1 Meat nutritional composition

Meat is rich in protein of high biological value and micronutrients such as sulfur,
sodium, iron, and zinc. The nutritional compositions of several common types of meat
are shown in Table 1.1.

(1) Meat protein content and protein value

As seen in Table 1.1, there is considerable variation in the protein content of various
meats. According to China's food composition table data[2], the average protein content
of meat is 22%, with chicken breast having the highest protein content (24.6%), and pork
and duck meat has the lowest protein content (15.1%, 15.5%, respectively). Meat has an
amino acid score (PDCAAS) of 0.92 compared to egg whites and casein with a Protein
Digestibility Corrected Amino Acids Score (PDCAAS) of 1.00 and is much higher than
pinto beans, lentils, peas and chickpeas, which are widely considered important sources
of protein in vegetarian meals beans (score of 0.57 - 0.71), and wheat gluten (score of
0.25) [3].

Amino acids are the main units of protein, and insufficient intake can lead to protein
malnutrition. Meat protein is unique in that it is rich in all essential amino acids without
limiting amino acids. Grains such as rice and wheat are especially low in lysine, while
legumes are very low in methionine, so vegetarians must combine grains and legumes to
get all the essential amino acids[4].

Table 1.1— Nutritional composition of several types of meat (per 100 grams of edible

portion) [2]

Meat Energy value Protein Fat P Na Fe Zn
(keal) (9) (9 | (mg) | (mg) | (mg) | (mMg)

Chicken, average 145 20.3 6.7 166 62.8 1.8 1.46
Chicken breast 118 24.6 1.9 170 44.8 1 0.26
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Chicken, leg 146 20.2 7.2 271 73.6 1.8 1.11
Chicken, wing 202 19 11.5 94 50.8 0.9 0.42
Beef, average 160 20 8.7 182 64.1 1.8 4.7

Beef, tenderloin 107 22.2 0.9 241 75.1 4.4 6.92
Beef, front-leg 105 19.2 1.8 181 69.9 2.8 4.5
Beef, back-leg 106 20.9 2 210 45.4 3.3 4.07
Pork, average 331 15.1 30.1 121 56.8 1.3 1.78

Pork, lean 143 20.3 6.2 189 57.5 3 2.99
Pork, fat 807 2.4 88.6 18 19.5 1 0.69
Pork, leg 190 17.9 12.8 185 63 0.9 2.18

Mutton, average, 139 18.5 6.5 161 89.9 3.9 3.52

Duck, average 240 15.5 19.7 122 69 2.2 1.33
Geese 251 17.9 19.9 144 58.8 3.9 1.36

(2) Fat content

As shown in Table 1.1, the fat content of different meats varies widely. Among
them, pork is the fattest meat, with a fat content ranging from 6.2% to 88.6%. Beef'is the
leanest meat, with a fat content ranging from 0.9% to 8.7%, of which tenderloin is the
leanest part of beef, with a fat content of only 0.9%. Among poultry products, chicken is
the leanest meat, but the fat content of different parts of chicken varies greatly. Among
them, chicken breast is the leanest part of the chicken, with a fat content of only 1.9%.
Fats in meat are mainly various fatty acids and triglycerides. There are also small amounts
of lecithin, cholesterol, free fatty acids and fat-soluble vitamins. Meat fat can provide
more calories for the body. For decades, dietary guidelines have recommended avoiding
saturated fatty acids to prevent cardiovascular disease [5]. Therefore, from a health point
of view, one should intake more meat products with low-fat content, especially chicken
breast.

(3) Minerals

Meat is one of the best sources of sodium, phosphorus, iron and zinc. Every mineral
element has an important physiological function. As shown in Table 1.1, beef and mutton
are relatively rich in mineral elements. Among them, the content of phosphorus, sodium,
iron and zinc in beef tenderloin is much higher than that of other meats. This may be
related to their long-term consumption of plant-based feed.

Meat is also a major source of other micronutrients vital to the human body, such
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as niacin, vitamins A, By, and retinol, which have important physiological activities in
the human body. For example, vitamin A is an essential vitamin for human growth and
development.

1.1.2 Current market and development trend of meat and meat products

consumption

(1) Current market of meat consumption in the world and China

China is one of the largest meat-producing and consuming countries in the world.
In the past five years, the consumption structure of the three major types of meat in the
world and China is shown in Figurel.1 and Figurel.2. It can be seen that the three major
meat consumption trends in the world and China are consistent, with a decrease in pork
consumption and an increase in chicken consumption. From 2018 to 2019, due to the
impact of African swine fever, the attributes of chicken as an alternative product became
prominent, resulting in some pork consumption shifted to chicken consumption, and the
growth rate of chicken consumption was significant. It also can be seen from the figurel.1
that the global consumption ratio of pork and chicken is about 1:1, and the proportion of
pork consumption in China is about three times that of chicken consumption in the same
period, therefore, there is still a lot of room for growth in chicken consumption. As can
be seen from Figure 1.3, in the meat consumption structure, global poultry meat accounts
for 40%, and China accounts for less than 30%. China's poultry meat consumption is
dominated by chicken (about 63%), followed by a duck (about 29%), and goose meat
ranks third (nearly 7%), which is mainly influenced by traditional Chinese food culture.
The nutritional advantages of chicken with three lows and one high (low fat, low energy,
low cholesterol, and high protein) can meet the growing concern of Chinese residents for
a healthy diet and promote an increase in chicken consumption. It has been found that
reducing the intake of red meat and meat products will reduce the risk of cancers such as
rectal and breast cancer [6]. At the same time, China's population growth is still a factor
that can not be ignored in driving the growth of food consumption, and its pulling effect
is generally greater than the growth of individual demand based on per capita income or

economic growth. Therefore, chicken consumption will continue to grow in the long term.
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worldwide2020 33% 22%
worldwide2021 34% 21%
China2020 55% 12%
China2021 56% 12%
America2020 24% 29%
America2021 24% ‘ 30%
European Union2020 49% | 17%
Luropean Union 2021 50% \ 17%
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Percentage (%)
Figure 1.3 — Percentage of global meat consumption in 2020 and 2021

(2) Development trend of meat and meat products consumption

From the perspective of the world, meat products generally account for more than
45% of meat consumption, while in 2018, China's meat products consumption accounted
for only about 20% of meat. Compared with the world level, China's meat products
consumption still has more than twice the development space. There are two types of
meat products: low-temperature meat products and high-temperature meat products.
Low-temperature meat products are processed and preserved at lower temperatures,
which can maximize the original flavor of meat products. This kind of meat product has
the characteristics of fresh, tender, soft, delicious flavor, and its processing technology is
advanced, which is superior to high-temperature meat products in quality. With the
strengthening of consumers' concept of a healthy diet, low-temperature meat products
will occupy a dominant position in the meat products market. In recent years, low-
temperature meat products are gradually favored by more and more consumers, and have
developed into a hot spot in the consumption of meat products. As shown in Figure 1.4,
low-temperature meat products are also popular all over the world. Compared with high-
temperature meat products, the consumption proportion of low-temperature meat
products in Japan, the United States and the United Kingdom has reached more than 93%,

while that in China is only 65%, which is far lower than those in developed countries.
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Therefore, the proportion of low-temperature meat products in China will continue to
increase.

Traditional meat products have high fat content, saturated fatty acid content, and
cholesterol content, which increase the health problems of consumers. At the same time,
they do not contain dietary fiber, which is detrimental to the emptying of food residues in
the intestines, and contain preservatives, nitrites, etc., which restrict the development of
meat industry to a certain extent.

Consumers in the 21st century have put forward high requirements for food and its
health benefits. Therefore, developing new healthy meat products to meet people's
growing demand for healthy food has become a new trend in the development of meat
products, and low-fat meat products is one of the new trends.

Overall, it can be predicted that low-fat meat products will be a hot research

direction in the development of low-temperature meat products in the future.

B Low-temperature meat products
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Figure 1.4 — Proportion of low-temperature and high-temperature meat products
in China and major countries in the world in 2018
1.2 Analysis of the characteristics of low-temperature meat products and the
progress of fat reduction technology
1.2.1 Low-temperature meat products
In China, there are four types of low-temperature meat products: meat filling
products, western-style ham products, sauce-braised meat products, and roasted meat

products. Among them, up to 20-30% fat is often incorporated to improve the
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emulsification effect in the production process of meat filling products. So emulsified
meat products is the main field of research on low-fat meat products. Emulsified meat
products include frankfurters, bologna sausages, Vienna sausages and other meat products,
the most representative of which are frankfurters and bologna sausages. Emulsified meat
products are also more and more popular among consumers in China due to their soft,
juicy and attractive taste. It is one of the first-choice meat products both at home and in
restaurants. As a result, emulsified meat products have become an integral part of our
diets and have great economic benefits for meat processing companies as well.

In the production process of the emulsified meat products, lean meat with salt are
chopped firstly to dissolve the myofibrillar protein. Then water and fat are incorporated,
followed by continued chopped. According to the oil-in-water theory, the salt-dissolved
myofibrillar protein can absorb a large amount of water and form an interface or film on
the surface of the fat ball, that is, an interface protein film, which improves the emulsion
stability of the fat. Meanwhile, some non-protein additives, such as starch or soy protein
1solate, are also incorporated to the mixed system to improve the viscosity of the system
and ensure the stability of moisture and fat in the system.

During the subsequent heating process, the high temperature induces the
denaturation of myofibrillar proteins to form a three-dimensional network of gel in which
water and fat are firmly bound.

At present, the mechanism of gel of emulsified meat products has been extensively
studied, among which the most classic theories are the oil-in-water theory and the
physical mosaic model [7, 8]. Both theories are intended to explain the stabilization
mechanism of fat in the meat-emulsion system. According to the oil-in-water theory, fat
is a dispersed phase, myofibrillar protein aqueous solution is a continuous phase, and
myofibrillar protein acts as an interface protein-membrane to improve fat stability in the
mixed system. According to the physical mosaic model, the size of fat particles in the
meat batters system far exceeds the standard of the classical emulsification system (the
diameter of the dispersed phase is less than 20 p m), and fat particles are embedded in the
sticky minced meat system by physical action. Some scholars also reported that the

stability of fat particles in meat batters is the result of the joint action of interface protein-
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membrane and physical inlay fixation.
1.2.2 The role of fat in emulsified meat products

Fats composed of triglycerides are an important raw material for the processing of
traditional emulsified meat products. Typically, ground meat products contain about 20-
30% fat to obtain a good taste [9-11]. Fat affects the texture and flavor of meat products,
as well as the gastro neurohormone pathway, which is in charge flavor perception and
lubrication effect [12, 13].

Factors such as tenderness, juiciness, and flavor of emulsified meat products [14,
15] are the first factors consumers consider when choosing products. The addition of fat
1s beneficial to improve the flavor and texture of emulsified meat products[10].

The flavor is composed of the most basic flavors such as sour, sweet, bitter, spicy
and fresh, as well as various volatile aromas. Different kinds of meat have their unique
aroma. The taste and aroma of processed meat products develop primarily during
processing. Lipids are the main source of flavor components in processed meat products,
the half of the volatile flavor compounds in processed meat products forms directly or
indirectly by lipids during the heating process.

The saturated fat of animal species can directly (degrade) or indirectly (reacted with
proteins) to generate substances such as aldehydes, ketones, alcohols, free fatty acids and
hydrocarbons [16] during the heating process to produce the characteristic taste of various
meat. In addition, the detection threshold of these flavor substances is low, which makes
an important contribution to the flavor of emulsified meat products.

The texture of emulsified meat products is a "key" feature that determines whether
the product accepted by consumers. The texture features include the hardness of
myofibrillar protein gel and the juiciness produced as fat particle exudation. This is a
dynamic characteristic experience in the sensory evaluation process, including the shape,
size and surface oiliness of emulsified meat products in the early chewing stage;
tenderness and juiciness of the product during chewing; viscosity and swallowing
sensation of product mixture after chewing[10].

In the process of chopping and mixing, the fat was dispersed into little fat balls,

which are wrapped by salt-soluble protein (myofibrillar protein) and stabilized in the
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minced meat system. During the heating process, these fat balls were further bound by
the three-dimensional network structure formed by the denaturation and cross-linking of
myofibrillar proteins. Structurally, these protein-coated fat particles are filled in the
protein gel network structure in the form of copolymers, reducing the voids in the meat
product gel, and thus improving the gel strength [17, 18].
1.2.3 Harm of excessive intake of fat

In China, as people's living standards continue to improve, consumers'
understanding of the relationship between diet and health continues to grow, and this
increased focus on healthy food choices has led to changes in daily eating habits.
Therefore, consumers' demand for healthy food is increasing day by day. Healthy food
has strict control over some substances, such as fat, salt, caffeine or cholesterol. Although
fat is one of the important nutrients that the human body needs to maintain daily life, up
to 30% of animal fat improve flavor and texture of emulsified meat products, but animal
fat is rich in saturated fatty acid and cholesterol. Excessive intake of saturated fatty acids
and cholesterol will contribute to various health problems, such as hypertension,
hyperlipidemia, cardiovascular diseases, obesity and some types of cancer [19]. The
World Health Organization has also made recommendations for its daily intake. 1) Fat
intake should not exceed 30% of total calorie intake; 2) Saturated fatty acids intake should
not exceed 10% of the total energy intake; 3) The daily intake of cholesterol is less than
300g [20]. Because consumers gradually stay away from traditional emulsified meat
products (high-fat meat products) to meet its green and healthy needs and gain market
share, the meat processing industry has also re-optimized the formulation of emulsified
meat products to reduce fat content or optimize fatty acid composition, such as replacing
saturated fatty acids with unsaturated fatty acids.

1.2.4 Quality defects of low-fat meat products

As mentioned above, fat has an important influence on the sensory properties of
emulsified meat products. On the one hand, the fat particles are filled in the protein gel
network structure in the form of copolymers, which reduces the voids in the meat product
gel, thereby improving the performance of the water holding capacity, mulsionsion

stability, and gel strength of meat products, so that the emulsified meat products show
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good texture and juiciness. On the other hand, fat is the main source of flavor substances
in emulsified meat products, and fat can directly or indirectly produce volatile flavor
substances. Generally speaking, when it is observed that the flavor (taste and smell)
decreases due to the reduction of any food component in the traditional meat product
formula, the product will be rejected by consumers most of the time.

The appearance of meat products is one of the main factors to promote consumer
choice. Fat and lean meat in meat patty can be identified by naked eyes. However, the
structure of raw materials such as emulsified meat products is chopped fully, and it is
difficult to distinguish the fat and lean meat in the chopped raw materials. The
approximate fat and lean content can only be perceived through different color
differences[21]. By increasing the moisture content in minced meat to make up for the
reduced fat content, the appearance color of meat products will look darker. Because
consumers usually associate dark color with products with high lean meat content, such
appearance is beneficial to the sales of low-fat meat products, but at this time, the quality
of emulsified meat products drops sharply.

In conclusion, simply reducing fat levels in emulsified meat products directly
affects the emulsion stability, cooking yield, texture properties, and flavor of meat
products. To achieve the product quality of traditional emulsified meat products, it is
necessary to adjust or add fat substitutes to the various components in the low-fat
emulsified meat products to maintain the original quality attributes, such as color, flavor,
texture, and binding properties.

1.2.5 The main ways to improve the quality of low-fat meat products

To improve the quality of low-fat emulsified meat products and maintain customer
acceptance, safety, texture and stability, meat process companies generally follow the
following two basic methods. First, the easiest option is to replace part of the pork back
fat with leaner meat, using a meat ingredient that ensures the proportion and functional
properties of a low-fat emulsified meat product. This method means an increase in
production costs, making this method unacceptable to most enterprises in the industry.
Second, add little or no calorie water or other low-calorie non-meat fat substitutes[19].

The addition of non-meat materials is required to help improve product texture, especially



37

some non-meat materials should have high water holding capacity, such as flour, starch,
fibers [22], gums (xanthan, carrageenan, konjac) [23], proteins (e.g. hydrolyzed collagen,
soy protein isolate)[9], other water-based ingredients including gels and hydrocolloids,
and rich in polyunsaturated fatty acids lipid source [10]. This method of using fat
substitutes can be assisted by novel processing techniques. For example, using ultra-high
pressure techniques[24], chopping techniques[25], and ultrasonic techniques[26] to
induce certain functional characteristics or alter the final product quality.
1.2.6 Current research on non-meat fat substitutes

Non-fat ingredients or healthy fatty acids (unsaturated fatty acids) as replace fat
substitute are the most widely used approach in developing low-fat emulsified meat
products. Current research on fat substitutes mainly focuses on three substances:
carbohydrates, proteins and vegetable oils.

(1) Carbohydrate-Based fat substitutes

Carbohydrates are mainly polysaccharides and polysaccharide derivatives formed
by glucose or galactose through 1, 3-glycosidic or 1, 4-glycosidic bonds. Carbohydrates
have strong hydration capacity, and even some carbohydrates can form weak gel through
hydration [27]. These fat substitutes stabilize water in protein gel system through their
strong water holding capacity and exist in the protein network structure in the form of
filled particles. At present, such fat substitutes mainly include gums ( konjac gum[28],
carrageenan [29], and xanthan gum[30] ), dietary fibers ( wheat dietary fiber [31], citrus
dietary fiber [32], sugarcane dietary fiber [33-36], regenerated cellulose fiber [37],
bamboo shoot dietary fiber [38], oat dietary fiber [36], pineapple dietary fiber [39], Kiwi
insoluble dietary fiber [40], bacterial nanocellulose [41] ), starch ( cassava starch,
modified starch[10] ) and other carbohydrates ( inulin[42], microcrystalline
cellulose[19] ).

(2) Protein-based fat substitutes

As a fat substitute, protein may interact with the three main components (protein,
fat and water) in low-fat emulsified meat products due to its lipophilic and hydrophilic
properties. For example protein can interact with the polar groups of the original protein

in meat or forming hydrogen bonds with free water, thus improving the gel properties and
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water holding capacity of low-fat emulsified meat products[11]. At present, collagen, egg
white protein, chicken protein isolate, hydrolyzed collagen, concentrated milk protein,
bovine plasma protein, as well as various plant proteins has been studied as fat substitutes
[10, 19, 43]. Some plant proteins, such as legumes, cereal, oilseeds, mycoprotein, and soy
protein groups (textured, flour, concentrate, and isolate) [44], have emulsifying, water /
oil absorption capacity, and high nutritional value (such as balanced amino acids,
essential fatty acids, vitamins and digestibility), making it a unique fat substitute [44, 45].

(3) Vegetable oil-based fat substitutes

When considering the texture and sensory characteristics of low-fat meat products,
its overall nutritional status is also an aspect that can not be ignored. The overall
nutritional status of meat products are affected by factors such as polyunsaturated fatty
acid/monounsaturated fatty acid (PUFA/MUFA) content and its ratio, n-6/n-3 fatty acids
and so on. Compared with animal fats, vegetable oils contain more PUFA and MUFA,
some vegetable oils, such as canola oil [46], grape seed oil and corn oil [47], linseed oil
[48], soybean oil [49], camellia oil [50], palm oil [51], peanut oil and safflower oil
[52] ,fish oil [29], sunflower [53], olive oil [54] et al., have been reported as fat substitutes.

The addition of vegetable oils resulted in reduced oxidative stability of meat
products due to the presence of unstable double and triple bonds in MUFA/PUFA. Pre-
emulsification, encapsulation and the use of synthetic antioxidants are strategies to
overcome lipid oxidation problems. Among them, pre-emulsification is the most
commonly used method, which is a preparation process in which an emulsifier is used to
stabilize the emulsion. In this case, the oil is dissolved in water (O/W), this process can
improve the fat-binding capacity, enhance the physical stability, and make the pre-
emulsified vegetable oil easier to disperse into the aqueous system. The emulsifier used
is usually a protein of non-meat origin, such as soy isolate, sodium caseinate, and whey
protein isolate. This pre-emulsified vegetable oil always prepared the day before the
processing of the low-fat meat product and is incorporated to the meat product as a fat
component. After pre-emulsification, vegetable oil forms smaller fat globules with
increased specific surface area, resulting in more proteins are bound to the surface of the

fat globules, thereby interacting with the meat matrix to form better bonds. This makes
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more protein in meat available for gel formation of the matrix, resulting in a stronger gel.
In addition, structured oils have been a research hotspot in recent years. For example,
oleogels are an interesting option to incorporate vegetable oil (fat substitute) into meat
emulsions to develop healthy meat products with good physicochemical properties.
Oleogels are characterized as semi-solid systems with a liquid hydrophobic phase
immobilized into a three-dimensional network of lipophilic solids (gelators).
Monoglycerides are economically viable among the existing gels, and the high oil content
of sunflower, olive, soybean, linseed, and rapeseed oils have been successfully used to
produce oleogels as a substitute for animal fat [55].
1.3 Analysis of production status of cultivated mushrooms and its application in
food processing

1.3.1 Current market and commercial aspects of cultivated mushroom

Mushrooms are very popular and valuable food items in modern dietary regimes
because of their nutritional value. Cultivated mushrooms have a balanced composition of
nutrients, they also grow quickly, without requiring expensive equipment for growing,
are easily processed, and have a pleasant taste and aroma in ready product.

Edible mushrooms are widely consumed in many countries as a food having a high
commercial and culinary value, mainly due to organoleptic properties, such as texture and
flavor, and it is possible to distinguish a mushroom species based on its characteristic
odor or flavor [56]. Nowadays, the great interest in cultivated mushrooms
commercialization is due to its flavor, taste, and several medicinal applications.
Mushrooms represented a market of 63 billion US dollars[57]. Edible, medicinal, and
wild mushrooms are the three major components of the global mushroom industry.
Cultivated mushrooms are the most representative mushroom species at the market as

shown at the Figurel.5.
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Figurel-5 — Market represents of edible mushrooms
According to Food and Agriculture Organization, mushroom cultivation worldwide
in 2018 was approximately 9 million tons[58]. China edible mushroom annual production
are shown at the Figure 1-6[59].

Lentinula edodes
Auricularia euricula- .
Ovyster mushroom
Auricularia polviricha
Flammulina velutipes
Pleurotus eryngii
Agaricus bisporus
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Figure 1.6 — China edible mushroom annual production by genus in 2021[59]

As shown in Figure 1.6, China mushroom varieties most commonly grown on a
commercial scale with an annual yield of more than 1 million tons are Lentinula edodes,
Auricularia auricula-judae, Oyster mushroom, Auricularia polytricha, Flammulina
velutipes, Pleurotus eryngii, and Agaricus bisporus, with a yield of 1295.72, 703.44,
611.34, 220.69, 214.57, 205.18, and 164 ten thousand tons, respectively. Approximately
90% of the companies producing edible and medicinal mushrooms operate in China [56].
The nutritional and therapeutic use of mushrooms in Asian countries results from
centuries of tradition and is much better documented than in Europe. Cultivation of edible
mushrooms combines the production of protein-rich food with lignocellulosic organic
waste recycling, thus meeting the pro-ecological strategies of modern agriculture[59].

Mushrooms are environmentally friendly. They biosynthesize their own food from
agricultural crop residues, which would otherwise cause health hazards. Useful

macrofungi consist of those with edible and medicinal properties. There is no easy
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distinction between the two categories. Many of the common edible species have
therapeutic properties; several medicinal mushrooms are also edible [59]. A total of 126
medicinal functions are thought to be produced by medicinal mushrooms and fungi,
including antitumor, immunomodulating, antioxidant, radical scavenging, cardiovascular,
anti-hypercholesterolemia,  antiviral, = antibacterial,  anti-parasitic,  antifungal,
detoxification, hepatoprotective, and antidiabetic effects [60].

1.3.2 Current application of cultivated mushrooms in food processing

Mushrooms are delicious and contain many flavor substances[61], and are rich in

proteins, amino acids, polysaccharides, dietary fiber, unsaturated fatty acids, nucleosides,
mineral elements, and a variety of physiologically active substances, such as antioxidants
ergothioneine, glutathione and B-glucan [62-66].

Mushrooms have important antioxidant effects [65, 67, 68]. The water extract and
alcohol extract of Coprinus comatus have certain clear ability to DPPH radical,
superoxide anion, hydroxyl radical [69] and also have hypoglycemic[70], antitumor, and
immunomodulatory effects [71], protective effects on the cardiovascular system [72],

antibacterial, anti-inflammatory, weight loss and other medical care functions [63, 73-75].

Nowadays, people's pursuit of nutrition and health food is growing stronger, so
mushrooms are favored due to their rich nutrition and health functions. Much research
has focused on the development of mushroom products. Nowadays mushrooms are
widely used in food industry, and consumers can purchase their favorite mushroom
products from the market [63].

(1) Simple processed products

Simple processing is currently the main form of mushroom processing. Mushrooms
have the high moisture content and short storage period, which are often processed into
dry products [76, 77] and canned, pickled, and sugar products. These simple processing
methods can better maintain the original shape and flavor of the mushrooms and increase
the visibility of the product. The simple form of processing makes mushrooms safer,
convenient and hygienic to eat [78].

(2) Nutraceuticals
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Functional ingredients such as protein, polysaccharides, polypeptide, amino acids,
and triterpenes in mushrooms can be used to produce into nutraceuticals. There are many
studies on the extraction, structure and functional characteristics of mushroom
polysaccharides, peptides, and protein, and some of them have been commercialized as
health products [79-81].

Mushrooms are rich in polysaccharides[82], which have the function of anti-tumor
and enhancing immunity. Nowadays, the biological effect of immune polysaccharides in
mushrooms are getting more and more attention [79]. Such as Flammulina velutipes
polysaccharide nanoparticles [83], Pleurotus ostreatus glucan [84], water-soluble
polysaccharides, HPA and HPB from Hericium erinaceus [85], water-soluble
polysaccharides from Termitomyces eurhizus [86]. Water-soluble polysaccharides(a-d-
glucans) from the fruit bodies of Coprinus comatus [87].

Mushroom extract has antioxidant and some other special functions, which are
often processed into nutraceuticals. For example, alcohol extract of Pleurotus
ostreatoroseus [62]. B-glucan extracted from Lentinus edodes [88].

The abundant protein in mushrooms has good antioxidant, antitumor and
immunomodulatory activities and can be processed into nutraceuticals. For example, the
protein in Pleurotus eryngii can be extracted by enzymatic method to produce functional
protein powder [89].

(3) Meat products

Meat products are one of the most common foods in people's daily life. However,
long-term consumption of meat and meat products will cause health risks due to its high
fat content. More and more people are inclined to low-fat meat products or vegetarian
[90]. The high protein content and low fat content of mushrooms make them a cost-
effective alternative to fat and meat in meat products [45] . For example, using oyster
mushroom and glutinous rice to replace the pork of traditional Thai fermented sausage
[91]. 77% sea cork fish and 20% oyster mushroom flour can make high-protein sausages
with excellent color and flavor [92]. 3% brewer’s spent grain and 8% mushrooms can
increase the protein content of smoked sausage and reduce the content of microorganisms

[93]. Partial replacement of meat in sausages with boiled mushrooms or fried mushroom
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powder can reduce the amount of soy protein in sausages and the calories in sausages
[94].

In addition, mushrooms are incorporated to meat products to produce functional
meat products because of its rich functional components. For example, Straw mushroom
can improve the physical properties of meat sausage, reduce its peroxide value, increase
the content of protein and essential amino acids, and the ratio of polyunsaturated fatty
acids to saturated fatty acids in sausage [95]. Shiitake added to the sausage as a substitute
for some lean meat can increase the moisture, total dietary fiber, methionine, glutamic
acid, cysteine, total phenol content, and the antioxidant activity of sausage [96]. Adding
shiitake mushroom powder to low-salt chicken products can inhibit the oxidation of fat
[97]. Adding sun mushroom powder can increase the oxidative stability of pork sausages
[98], 2.0% sun mushroom ethanol extract significantly improved the oxidative stability
of pork sausages, which can be stored at 4 <C for 21 days [99].

(4) Beverage

Mushroom beverage refers to a type of products obtained by leaching, fermentation
or direct processing of mushroom fruiting bodies, mycelia and their culture fluids, which
have the nutritional value, flavor and health care functions of mushrooms [100].
Mushrooms can be made into a variety of beverages, such as mushroom fruit body
formulated drinks, mushrooms and fruit juice, milk compound beverages, mycelia mixed
drinks [101]. In addition, fermentation of mushrooms in the matrix can increase many
metabolically active substances, making them richer nutrition and unique health functions.
Therefore, mushrooms can also be fermented by adding strains to obtain mushroom
fermented tea drinks, vinegar drinks, wine and other products[102].

(5) Seasoning

Mushrooms are rich in amino acids, and various amino acids will form unique
flavor polypeptides [64]. Different mushrooms contain different polypeptides. The water
extract of fresh Ab contained polypeptides Gly-Leu-Pro-ASP and Gly-His-Gly-ASP,
which can improve the complexity, taste and palatability of chicken soup. Therefore, It is
feasible to manufacture the thick peptide with Ab [103].Using mushrooms or scraps from

the mushroom processing as raw materials, the mushroom cell wall is rapidly
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decomposed and broken by the enzymatic method, ultrafine crushing, ultrasonic
extraction and other technologies[104], and the functional and umami substances are
sufficiently released. By spray drying or fermentation with other auxiliary materials,
various mushroom seasonings can be prepared, which are rich in amino acids and
nucleotides, and have a strong fresh flavor, rich nutrition, and safety to eat. The more
mature products are convenient soups, mushroom vinegar, and mushroom sauce [105].
In addition, the concentrated solution of mushroom enzymatic solution and animal
protease made from fresh bone were mixed and prepared in a certain proportion, and the
mushroom compound meat flavoring in the states of juice, sauce and powder could be
manufactured through the Millard reaction [106].

(6) Other foods

Mushrooms can also be used to produce flavored snacks, or be added to other foods
as auxiliary materials to increase the flavor and nutritional value, such as mushroom chips

[107], mushroom sauce [108], mushroom fermented milk [109], mushroom biscuits [110,

111], mushroom flavored snacks [112], mushroom cake and bread [113], mushroom

noodles [114, 115], mushroom semi-finished food [116, 117]. The above edible
mushroom products are diverse and rich in nutrition, which has expanded the space for
edible mushroom applications.
1.4 Analysis of health beneficial qualities and application prospects of Ab in low-
fat meat products
1.4.1 The characteristics of Ab

Ab or button mushroom is the most widely cultivated and consumed mushroom
throughout the world, contributing to approximately 40% of world mushroom production
[76], and China is the country with the largest production of Ab mushroom in the world
[57], which are often considered to provide a substitute for meat with a comparable
nutritional value to many vegetables [118]. This is an edible basidiomycete mushroom.
The nutritional value of the mushroom is one of the main factors determining its quality.
Protein is an important constituent of mushrooms dry matter, carbohydrate represent the

bulk of their fruiting bodies and their fat content is very low [119]. Given the crucial role
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that minerals play in the biological process and metabolism and their therapeutic use in
dietary supplements, foods are often tested for nutrient minerals in relation to specific
health benefits. So, Ab mushroom has an especially high content of phosphorus, sodium
and potassium followed by Ca, Mg, Na, Fe and Zn. It is also an excellent source of several
essential amino acids and vitamins (B2, niacin and folate)[56]. Nutritional composition,
microelements and vitamins present of Ab mushroom [120] is given at the Figure 1.7,

Figure 1.8, Figure 1.9.
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Figure 1.7 — Nutritional composition of Ab mushroom (unit/100 g)
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Figure 1.8 — Microelements present of Ab mushroom (mg/100 g)
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Figure 1.9 — Vitamins present of Ab mushroom (mg/100 g)

As can be seen from Figure 1.7, 1.8, and 1.9 that Ab mushroom has a rich
nutritional composition, microelements and vitamins content. Besides them, around half
of the fungal cell wall mass is constituted by B-glucans along with ergosterol, tocopherols,
linoleic acid, and lectins. Also, they contain 1-6 mg of phenolics / g of dried mushroom
and flavonoid concentrations ranged between 0.9 and 3.0 mg/g of dried matter; as
myricetin and catechin [121].

Amino acids contents in Ab mushroom are vary and depend on the stage of
development the mushroom. An amino acids content compared with the "Perfect protein"
and “Egg protein pattern” is presented in Table 1.2 [122].

Table 1.2 — Amino acids content in proteins of mushroom, compared with the “Perfect

protein” and “Egg protein pattern”

Amino acids The content of this amino acid, g per 100 g of protein
Perfect Pleurotus Lentinula Agaricus Egg
protein ostreatus edodes bisporus protein
pattern
Total essential
amino acid 36.0 42.7 45.7 69.3 51.3
content
Valine 5.0 5.0 5.2 8.1 7.3
Isoleucine 4.0 3.8 4.7 16.4 6.6
Luecine 7.0 8.8 9.2 14.3 8.8
Lysine 55 5.0 5.6 13.0 6.4
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Methionine 35 75 6.0 43 5.5
+Cystine
Threonine 4.0 4.2 4.8 4.3 5.1
Phenylalanine 6.0 6.9 9.0 5.6 100
+tyrosine
Tryptophan 1.0 1.5 1.2 3.2 1.6
Total nonessential
amino acid 54.0 55.2 78.0
content -
Arginine 54 5.3 8.8
Glutamic acid 16.6 115 12.7
Alanine 8.2 9.9 9.2
Glycine 6.1 10.3 6.7
Asparaginic acid 9.8 7.8 22.9
Proline 1.7 3.4 8.2
Serine 4.2 4.7 7.4
Histidine 1.9 2.2 2.0
Total amino acid 96.7 100.9 147.3

As can be seen from Table 1.2, cultivated Ab mushroom have a significant content
of essential amino acids and total amino acid, which is much higher than that of perfect
protein and chicken protein, as well as Lentinus edodes and Pleurotus ostreatus. Its amino
acid pattern is close to perfect protein. This allows us to predict the prospects of using
this type of raw material as a source of high-grade protein. Due to their high nutritional
value, Ab mushrooms has a significant therapeutic effect. This allows them to be
classified as nutraceuticals[123]. They show antioxidant and immunomodulating activity,
metabolic effect, anticancer activity, anticholesterolemic and antiglycemic effect, anti-
inflammatory activity [124]. Also, they enhance the maturation of bone marrow derived
dendritic cells. The powder of Ab have a beneficial effect on the intestine, antinociceptive
properties, antimicrobial activity[118, 121, 125].

1.4.2 Application prospects of Ab mushroom in low-fat meat products

The consumption of meat products in the United States and China in 2018 is shown
in Table 1.3 [126]. It can be seen from the Table 1.3 that meat products in the United
States are dominated by bacon (33%) and sausage (28%), followed by canned pork (16%)
and ham (15%). Meat consumption in China is dominated by China-specific ham (29%),

followed by ham (20%) and canned pork (21%) and sausages (14%). Therefore, ham,
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sausage, and canned food are very popular in China and the United States. Since only
sausages are produced with fat added separately, considering the feasibility of processing,
sausage is more suitable for low-fat meat products. Sausages are low-temperature meat
products. As the result of the previous analysis, consumers' demand for low-temperature
meat products is gradually increasing. Therefore, sausage will have a lot of room for
development in the future. As previously analyzed, chicken products are becoming more
and more popular. It is foreseeable that the demand for chicken sausage will gradually
increase. However, in the production process of chicken sausage, high content of animal
fat is often added in order to maintain emulsion stability, reduce cooking loss, improve
water holding capacity, provide juice, hardness and flavor, which affects consumers'
perception of the product to a certain extent. As mentioned above, Ab is delicious,
nutritious, rich in protein, polysaccharides, dietary fiber, trace elements and essential
amino acids, making it an ideal choice for fat replacement.

The hypothesis that Ab mushroom powder can used as a fat substitute to improve
the quality of emulsified chicken products is based on the fact that Ab mushroom is rich
in the following components:

(1) Protein, hydrophilic and hydrophobic side chains in the protein structure is
responsible for surface activity, making Ab mushroom hydrophilic and lipophilic and
forming gels.

(2) Polysaccharide, which forms an extended network in the continuous phase by
increasing the viscosity and acts as an emulsion stabilizer.

(3) Fiber, the water-binding properties of the fiber make it possible to reduce
cooking losses and improve water holding capacity. Meanwhile, dietary fiber, as an
effective filler to improve the strength of protein-protein matrix, can enhance the gel
properties of protein.

(4) The unique flavor of Ab mushroom can make up for the loss flavor of sausage
caused by fat reduction. At the same time, except for producing flavor substances during
the production of Ab powder, the color of Ab powder will deepen due to browning, and
this unique color can reduce the use of nitrite. The umami of Ab mushroom also adds

flavor to the sausage, thereby reducing the amount of salt. The low-cholesterol and low-
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fat characteristics of Ab mushroom also reduce the cholesterol content and calories in
sausages.

In conclusion, Ab mushroom is an ideal fat substitute, which can meet consumers'
demand for healthier meat products with low fat, low salt, low cholesterol, low nitrate
and low calorie. Therefore, Ab mushroom will have a very broad application prospect in
low-fat chicken sausage.

Table 1.3 — Percentage of meat products consumption in the United States and China in

2018 [126]

Meat products United States China
Ham 15% 20%

Bacon 33% 3%
Sausage 28% 14%
Canned pork 16% 21%
Other 8% 13%
Ham sausage 29%

CONCLUSIONS OF SECTION 1

1. Meat is rich in protein, fat and microelement. Among the common types of meat,
the fat content of chicken is relatively low. From the perspective of nutrition, chicken
should be consumed more, especially chicken breast. Chicken consumption will continue
to grow. Low-temperature meat products dominate in the consumption structure of meat
products and will be the future consumption trend and research hotspot.

2. Low-temperature meat products can maximize the retention of nutrients in meat.
Fat plays a key role in the quality of low-temperature meat products, but excessive intake
of fat will be detrimental to health. Directly reducing the fat in meat products can lead to
a decrease in the quality of meat products. Using non-meat fat substitutes such as protein,
carbohydrates, vegetable oils, etc. can solve this problem.

3. Top five cultivated mushroom production in the world are Lentinula, Pleurotus,
Auricularia, Agaricus, and Flammulina gener. Mushrooms are high-protein and low-fat
foods, and rich in functional ingredients, which are widely utilized in food. To the
knowledge of the author, there is no research report on Ab mushroom as a fat substitute.

4. Ab mushroom was rich in protein, its amino acid content is close to ideal protein,

and it is rich in carbohydrates, potassium, phosphorus and other microelement, as well as
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health ingredients such as choline and betaine, yet low in fat. The unique nutritional
properties of Ab mushroom make it ideal for the production of low-fat healthy meat
products. In view of the continuous growth in the consumption of chicken and low-
temperature meat products, Ab mushroom will have a broad application prospect in the

production of low-fat chicken sausage in the future.
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SECTION 2 MATERIALS AND METHODS OF THE RESEARCH
2.1 Experimental materials

Fresh Ab mushrooms, chilled chicken breast and pork back fat were purchased
from Hualian Supermarket of Xinxiang City. Salt, sodium tripolyphosphate, white pepper,
sugar, soybean oil, chicken essence, potato starch, 25 mm collagen casings and ice water
were all food grade. All other chemicals, including Tris, EDTA, KCI, MgCl,, NacCl,
K;HPO,, KH,PO,4, EGTA, NaNs3, and KBr were analytically pure compounds.

2. 2 Research methods
2.2.1 Preparation of Ab powder

Ab were washed using tap water, drained the water on the surface, cut into 3-5 mm
thick slices, then put into the oven and dried at 45 °C for 8 hours until the moisture content
was 7%. After natural cooling, the dried Ab mushrooms were crushed with a high-speed
grinder. Then the mushrooms powder was sieved through a sieve of 80 mesh, 120 mesh,
160 mesh, and 200 mesh sieves in sequence. The corresponding screen underflow was
obtained, which was packed using a PE plastic bag and placed in a desiccator for
subsequent experiments.

2.2.2 Pretreatment of chicken breast meat and pork back fat

All visible connective tissue and fat were trimmed from the chicken breast meat.
Furthermore, all visible connective tissue and the remaining lean meat were cut from pork
back fat. The chicken breast meat and pork back fat were ground separately using a
grinder (MM-12, Guangdong, China) with a 6 mm holes plate. Every 500 g of minced
meat and 200 g of pork back fat were packed in nylon/polyethylene bags, sealed, stored
(—20°C), and used up within 4 weeks.

2.2.3 Preparation of chicken batters
The thawing chicken breasts (0—4°C) was chopped with salt, tripolyphosphate, and 1/3 ice

water by a chopper at 1500 rpm for 60 seconds. After a 3 minutes pause, ground chicken was
chopped with thawing pork back fat, Ab, sugar, ground white pepper, and 1/3 ice water
depending on the formula by a chopper at 1500 rpm for 120s. After another 3 minutes pause,

ground chicken was chopped with the remaining 1/3 ice water at 3000 rpm for 60 seconds.

During the chopping process, it was necessary that the center temperature of the mixture was
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always lower than 10°C. The process flow chart of chicken batters production is shown in Figure

2.1.
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Figure 2.1 — Process flow chart of chicken batters production
2.2.4 Extraction of myofibrillar protein (MP)

The MP was extracted from raw breast chicken by sodium phosphate buffer (20
mmol/L K;HPO,/KH,PO,4, 0.1 mmol/L NaCl, 2mmol/L MgCl;, 1 mmol/L EGTA, 1
mmol/L NaNs;, 100 mmol/L KCI, pH 7.0, 4 °C) according to the method of [127]. The
protein content was determined by the biuret method [128]. Bovine serum albumin (BSA)
was used as standard substance.

2.2.5 Manufacture of low-fat sausages with Ab

Ab powder was mixed with soybean oil at a ratio of 1:2 for 24 hours to absorb oil
and expand. The preparation method of chicken batters as described in 2.2.3. Then,
chicken batters were stuffed into 18 mm collagen casings forming 10 cm frankfurters.
The uncooked sausages were baked at 60°C for 30min and cooked them in a temperature-
controlled water at 80 °C for 30 min. Next, the cooked sausages were vacuum-packed
(QS-DZ500, Shandong Quansheng Machinery Co., Ltd., China) in each polyethene bag
and heated in an 80°C water bath for 15 seconds. Finally, the sausages were cooled in an
ice water bath and stored at 4 °C until the laboratory analysis.

2.2.6 pH determination

The pH value was determined carried out as described by Choe J et al. (2018) [129]
with some modification. 10 g of sample were mixed with 100 g of 0.Imol/L potassium
chloride solution, the mixture was homogenized (speed, 8000 rpm) for 1 minute in
homogenizer (T25, IKA, Germany). The homogenates were filtered through Whatman
No. 4 filter paper (Whatman, Maidstone, England), the pH value of the filtrate was
measured with pH meter (Model320, Metler-Toledo Ltd, Essex, UK).

2.2.7 Emulsion stability determination

According to the method of Fernandz Martin et al. (2009) [130] , 25g of chicken
batters were loaded into a 50 ml centrifuge tube, and centrifuged at 500xg for 5 min at
3°C to remove air bubbles in the meat batters. The closed centrifuge tubes were heated in
a water bath at 80°C for 20 min. Next, remove the tube, open the lid, and place the tube
upside down on a plates for 50 minutes at room temperature to release any exudate. The

exudate was called cooking loss and expressed as % of the initial sample weight. The
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water loss was expressed as % of the initial sample weight and determined from the dry
matter content of total exudate after heating at 105 °C for 16 h. The fat loss was calculate
as the difference between cooking loss and water loss, which ignored any minor protein
or salt components. Each treatment group was repeated 4 times.

2.2.8 Texture analysis (TPA)

40 g of chicken batters were loaded in a 50 ml capped plastic centrifuge tube and
heated at 80°C for 30 min in a water bath (the core temperature was 72°C) after
centrifugation at 500xg for 5 min (Sorvall LYNX4000, Thermo Fisher Scientific,
Germany). After that, the tubes were cooled to room temperature and then kept overnight
at 2 = 2 °C until testing. For chicken sausage, TPA proceeded directly after room
temperature was restored. The samples were cut into the cylindrical-shaped (diameter, 25
mm; height, 20 mm) after returning to room temperature. The texture profile analysis was
carried out at room temperature in five replicates for each formulation by the TA-XT plus
texture analyzer with a probe P/36R (Stable Micro Systems, London, UK) , equipped with
a 1 kg load cell, and the calibration distance was 30 mm. The settings used for texture
analysis were as follows: pre-test speed, 2mm/s; test speed, 2.0mm/s; post-test speed,
Smm/s; trigger type, auto-5 g; time, 5s; and strain, 50%. The hardness, springiness,
cohesiveness and chewiness were analyzed.

2.2.9 Color determination

The color measurement was carried out in five replicates for each formulation using
a Minolta chromameter (CR-400, Minolta Camera Co., Japan). The standard white
colorimetric plate was L* = 93.56, a* = 0.01, b* = 3.45. The probe of the chromameter
was placed close to the surface of the chicken gel (height = 20 mm, diameter = 25 mm)
to avoid light leakage. The Hunter’s color values [L* (lightness), a* (redness), and b*
(yellowness)]of three chicken gel from each treatment were determined, and the averages

were reported. The whiteness value was calculated according to the previously reported

method [131].

1

Whiteness = 100 — [(100 - IV +a” + b*2F (1)
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2.2.10 Microstructure observation

The microstructure was observed using a field emission scanning electron
microscopy (SEM) (Quanta 200, FEI CO., US) according to the method proposed by
Wattanachant et al. (2005) [132] with some modification. First, the chicken gels (3 %3 x
3 mm?®) were fixed with glutaraldehyde (2.5%) in phosphate buffer saline (pH 6.8) at 4 °C
for 24 h. The fixed samples were washed thrice with 0.1 M phosphate buffer (pH 6.8) for
15 min. The washed samples were dehydrated sequentially in 50%, 60%, 70%, 80%, and
90% ethanol for 15 min and then in 100% ethanol for 10 min (thrice). The dried samples
were then degreased with chloroform for 1 h. The degreased samples were replaced with
a mixture of absolute ethanol and tert-butyl alcohol (volume ratio =1:1) and then with
tert-butyl alcohol for 15 min. Next, the samples were vacuum dried at 45 °C for 5 h.
Finally, the vacuum-dried sample was mounted on a bronze stub and sprayed with gold
particles. The gold-plated samples were imaged under a microscope at 5 kV. Many
micrographs were taken to select the most representative ones.

2.2.11 Determination of cooking yield (CY)

The exudate separated from the chicken gel was removed after storage at 4°C
overnight. Next, the cooked batters were weighed, and CY was estimated as % weight
yield during cooking, expressed as the ratio of cooked batters (g) to raw batter weight (g).

2.2.12 Determination of water holding capacity (WHC)

W, grams of chicken gel were wrapped in filter paper and placed in a 50 mL
polypropylene tube. The chicken gel was then centrifuged at 8000 rpm for 10 min at 4 °C.
Next, the sample was removed from the centrifuge tube, the filter paper was carefully
removed, and the weight of the chicken gel after centrifugation (W) was obtained. WHC
(%) was the percentage of the gel weight after centrifugation (W») relative to the original
gel weight (W)).

2.2.13 Determination of rheological properties

The rheological characteristics of chicken batters were measured using a rheometer
(HAAKE MARS III, Thermo Scientific, Massachusetts, USA) according to a previously
reported method [25] with some modifications. The chicken batters were placed between

two parallel plates (diameter = 40 mm; gap = 1 mm), and the edge of the sample was
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sealed with methyl silicone oil to avoid contact with air. A temperature ramp sweep was
conducted by heating the sample from 20 °C to 80 °C at the rate of 2 °C/min after holding
for 2 min. The batters were continuously sheared in an oscillatory mode at a shear
frequency of 0.1 Hz. The storage modulus (G') at different temperatures was recorded to
characterise the rheological properties of the chicken batters. Each treatment was tested
three times.

2.2.14 Determination of low-field nuclear magnetic resonance (LF-NMR)

For each treatment, approximately 3 g chicken gel was placed in a 25 mm diameter
NMR probe to measure the spin-spin relaxation time (T2) using an NMI20-040V-1I Series
NMR analyzer (Suzhou Niumag Co., LTD, Suzhou, China). During the data collection,
the transverse relaxation curve was collected with CARR Purcell Meiboom Gill (CPMG)
pulse sequence. The test parameters were set as follows: pulse interval, 0.5 ms; main
frequency, 20 MHz; offset frequency 625998.37 Hz; TD,600008; NS, 8; TW,5500 ms; 1
= 6.52 ps; and temperature, 32 °C. The attenuation curve of CPMG was inversed by T»
inversion fitting software, and the relaxation spectrum and T, were acquired. To increase
the reliability of measures, each treatment was tested three times.

2.2.15 Determination of gel strength

Gel strength analysis was performed using a texture analyzer (TA-XT Plus, Stable
Micro Systems Co. Ltd., London, UK). The gels underwent a compression test using a
cylindrical aluminium probe (P/0.5 inch). The settings were as follows: pre-test speed, 2
mm/s; test speed, 1.0 mm/s; post-test speed, 1 mm/s; interval time, 5 s; distance, 4 mm;
trigger force, 5 g. Each treatment was tested five times. Each treatment was tested five
times.

2.2.16 Secondary structure analysis of MP

Ab-MP gels were dehydrated completely in a lyophilizer (Alpha -2LD PLUS,
Christ, Germany). Next, the lyophilized sample was ground into a fine powder, fully
grounding with KBr, and made into thin sheets under high pressure for scanning. FTIR
spectra were obtained using a spectrophotometer (Tensor 27, Bruker Optics, Inc.,
Karlsruhe,Germany) according to the method of [133]. All spectra were recorded at

ambient temperature and scanned for sixteen times. PeakFit software (version 4.12, Systat
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Software Inc., San Jose, CA, USA) and Origin software (version 8.6, Origin Lab,
Chicago, IL, USA) were used to process these spectra. The percentages of the four
conformations of a-helix, B-sheet, B-turn, and random coil were obtained, which
represented the secondary structure of the protein.
2.2.17 Sensory evaluation
The sausages were subjected to sensory evaluation after being stored in a
refrigerator at 4°C overnight. Sensory properties were evaluated by 50 males and 50
females. Sausages were cut into small cubes of the same size. Then, sausages were placed
on a white plate. The temperature of the samples returned to room temperature before
sensory evaluation. Each sample was numbered with random 3 digits (eg: 376; 258; 429,
etc.). A 9-point happiness scale was employed to evaluated the samples (extremely like =
9; very like = 8; somewhat like = 7; somewhat like = 6; neither like nor dislike = 5;
somewhat dislike = 4; moderately dislike = 3; dislike very much = 2; dislike extremely =
1). The sausage was scored for color, flavor, taste, texture, and general acceptance.
2.2.18 Proximate composition determination
The content of moisture, ash, protein and lipid were determined according to the
Association of Official Analytical Chemists[134]. All determinations were performed in
triplicate using three samples for each treatment.
The total carbohydrate were calculated from the content of water, protein, lipid and
ash according to the following formula [93].
Total carbohydrates (g/100g ) =100-(g moisture + g protein+g lipid+g ash) (2)
2.2.19 Energy value determination
The energy value was calculated from the content of protein, carbohydrates and
lipid according to the following formula[93].
Energy value (kcal /g) = 4 x (g protein + g carbohydrates) + 9 x g lipid 3)
2.2.20 Amino acid determination
The amino acid profile was determined according to the method of Wang, L et al.
(2019) [131]with some modifications. The minced chicken sausage (0.2 g) or Ab powder
was hydrolyzed using 6 mol/L HC1 (10mL) for 4h at 14542 °C, filtered with a glass filter
and transfer to a 50 mL volumetric flask and shaken well. The filtrate (10.0 puL) was
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concentrated using a rotary vacuum evaporator (Zhengzhou Kaixiang instrument
equipment Co. Ltd., Henan, China) at 55 °C to remove the solvent. The liquid sample
mixed with the derivatizing agent (20 pL) for 1 min, then mixed with another 20 pL of
derivatizing reagent and sealed. The sample was transferred to an oven at 60 °C for 30
min. The amino acid content was analyzed using high-performance liquid
chromatography (Huapu S6000, Huapu scientific instrument Technology Co., Ltd,
Beijing, China). The measurement conditions were as follows: AccQ-Tag Ultra C18-
250mm column, detection wavelength: 360 nm, column temperature: 25 °C, sample
temperature: 20 °C, and flow rate: 1.2 mL/min.
2.2.21 Free fatty acids determination

The minced chicken sausage (0.1-10 g), which fat content was about 100-200mg,
was mixed with pyrogallic acid (100mg), 95% ethanol (2ml), and water (4ml) in a 50ml
centrifuge tube for the Smin. Next, 8.3 mol/L hydrochloric acid solution (10 mL) was
added to a centrifuge tube, and the tube was shaken for 3 minutes. Then the centrifuge
tube was put into a water bath at 70-80°C for hydrolysis for 40min, with shaking every
10min, taken out, and reduced temperature to room temperature after the hydrolysis was
completed. The hydrolyzed sample was mixed with 95% ethanol (10 mL). Then the
hydrolyzate was transferred to the fat extraction tube.

A 1:1 mixture of ether and petroleum ether (50ml) was added to the extraction tube,
and the tube was shaken repeatedly 15 times to extract fat followed by a 15-minute break,
and then the upper solution was poured into a 250ml conical flask. The above steps were
repeated three times, and the upper extract was collected in a 250ml conical flask. The
collected upper extract was concentrated using a rotary vacuum evaporator (Zhengzhou
Kaixiang instrument equipment Co. Ltd., Henan, China) to remove the solvent. The
residue was the fat extract. The fat extract was mixed with 8 mL of 2% sodium hydroxide
methanol solution, the mixture was refluxed in a water bath at 80 °C for 30 min, and the
sample was shaken every 5 min. Next, 15% methanol solution of boron trifluoride (7mL)
was added in from the upper end of the condenser, and the temperature of the sample was
rapidly lowered to room temperature after continuing to reflux for 2min.

10 ml n-heptane was accurately added followed by shaking for 2min, then a small
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amount of saturated sodium chloride aqueous solution was added and stratified in a static
position. The upper solution (5ml) was dehydrated with 3-5g anhydrous sodium sulfate
and its free fatty acid was analyzed using a gas chromatograph (GC-Agilent7890B,
Agilent Technologies, Santa Clara, CA, USA) according to the conditions reported by
Barros et al.[135]. Three determinations were carried out for each treatment.
2.2.22 Thiobarbituric acid reactive substance (TBARS) assay

According to Xiong's method with some modification[136], 5 g of the ground
sample and 20 ml of distilled water were homogenized with a homogenizer (IKA-T25,
IKA Instruments Ltd, Staufen, Germany) for 3 minutes. 25 ml of trichloroacetic acid
(TCA) aqueous solution was incorporated. The mixture stayed at room temperature for 1
h and then centrifuged at 2000 r/min for 10 min. The supernatant was diluted to 50 ml
with distilled water. The diluent (5ml) was mixed with 0.02mol/l1 2-thiobarbituric acid
(TBA) aqueous solution (5ml). The mixture was incubated at 95 °C for 20 min before
being cooled for 5 min at 0 °C in sequence. Then 10mL chloroform was added in. The
mixture was centrifuged at 2000 r/min for 10 min. The absorbance of the supernatant was
measured at 532 nm by the spectrophotometer against a distilled water blank. The TBARS
value was expressed as mg/100 g sausage according to the following formula:

TBARS value (mg/100 g)= A532 x7.8 (4)
2.2.23 Microbiological analyses

The microbiological analysis was performed on days 0, 5, 10, 15, 20, 25, 30, and
35 of storage at 4°C using standard procedures of China [137]. Total viable counts (TVC)
were counted after incubation and results were expressed as CFU/g of sausage sample.

2.2.24 Statistical analysis

Data were analysed using analysis of variance (ANOVA) and expressed as mean =+
standard deviation. The differences between means were considered significant at P <
0.05. Duncan’s multiple range test was used to compare the means and identify significant
differences between samples using SPSS Version 20.0 for Windows (IBM, Armonk, NY,
USA)

2.2.25 Experimental design method
(1) The research of the chicken batters systems with Ab
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(D The effect of the Ab addition on the quality of chicken batters

The chicken batters were prepared according to the method in 2.2.3. The
formulations of chicken batter were shown in Table 2.1. The samples without Ab powder
were used as control. The chicken batters of 10 treatments were manufactured in each
batch and 3 independent batches were prepared on the same day. The pH value, emulsion
stability, color, and microstructure of chicken batters were determined, and the effects of
Ab addition on the quality of chicken batters were investigated.

Table 2.1 — Chicken batters formulations with various fat and Ab levels (units: g/100 g)

Raw material/ Fat replacement level (%)
Ingredients 0% | 2% | 4% | 6% | 8% | 10% | 20% | 30% | 40% | 50%
Meat batter
Chicken meat 60 60 60 60 60 60 60 60 60 60
Back fat 20 [ 196 | 19.2 | 188 | 184 | 18 16 14 12 10
Ab powder 0 04 ] 08 | 12 | 16 2 4 6 8 10
Ice water 20 20 20 20 20 20 20 20 20 20
Total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 [ 100
Others ( % of meat batter)
Refined salt 14 [ 14 | 14 | 14 | 14 | 14 | 14 14 | 14 1.4
Sodium
tripolyphosphate 03] 03] 03|03 03] 03 0.3 0.3 0.3 0.3
Sugar 0.65 [ 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65 [ 0.65 | 0.65
Ground white pepper | 0.15 | 0.15 [ 0.15 [ 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15

(@ The effect of the addition method of Ab on the quality of chicken batters

Ab mushroom powder is mixed with soybean oil or water in 1:2 24 hours in
advance, so that Ab powder can fully absorb water, oil and expand. The chicken batters
were prepared according to the method in 2.2.3. The formula of chicken batter is shown
in Table 2.2. One part of raw meat batters was stored in plastic bags at 4 °C for the analysis
of rheological properties within 8 h. The other part was loaded in 50 ml polypropylene
tubes and weighed. Next, the batters were heated to 80 °C for 30 min in a water bath,
followed by cooling in ice water for 20 min to obtain chicken gel (cooked batters). The
prepared chicken gels were stored at 4 °C until further analyses. The cooking yield (CY),
water holding capacity (WHC) and color, TPA, dynamic rheological properties, LF-NMR
spin-spin relaxation (T2), and microstructure of chicken batters were determined, the
effects of Ab alone or in combination with soybean oil or water as fat substitutes on gel

properties, rheology, water distribution, and microstructure of chicken batters were
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investigated.

Table 2.2 — The formulations of Chicken batters (units: g/100 g)

Raw material/ ingredients CK Ab Ab+O Ab+W
Meat batters (100g)
Chicken meat 60 60 60 60
Pork Back fat 20 16 8 8
Ice water 20 20 20 20
Ab powder 4
Ab powder +Soybean oil 4+8
Ab powder+ Ice water 4+8
Total | 100 100 100 100
Others (% of meat batters)
Refined salt 1.4 1.4 1.4 1.4
Sugar 0.65 0.65 0.65 0.65
Sodium tripolyphosphate 0.3 0.3 0.3 0.3
Ground white pepper 0.15 0.15 0.15 0.15

(3 Effect of the particle size of Ab on the quality of chicken batters

Three kinds of under sieves, D, D, and D3, were obtained. The particle sizes of Ab
powder was measured by a laser particle size analyzer (BT-9300H, Sichuan KeYicheng
Technology Co., Ltd, Chengdu, China). The mean diameters of particles of D, D, and D3
were 118um, 100um and 34 pm, respectively. Then, Ab mushrooms powder was stored
in polyethylene bags in a refrigerator (4°C).

Ab powder with different particle size was mixed with soybean oil in 1:2 24 hours
in advance for fully absorbing water, oil, and expanding. The formula of chicken batters
were shown in Table 2.3. The production method of chicken batters as described in 2.2.3
and Figure 2.1. One part of raw meat batters was stored in plastic bags at 4 °C for the
analysis of rheological properties within 8 h. The other part was loaded in 50 mL
polypropylene tubes and weighed. Next, the batters were heated to 80 °C for 30 min in a
water bath, followed by cooling in ice water for 20 min to obtain chicken gel (cooked
batters). The prepared chicken gels were stored at 4 °C until further analyses. The CY,
WHC, pH value, color, TPA, Dynamic rheological properties, LF-NMR spin—spin
relaxation (T2), microstructure of chicken batters were determined. The effects of the
particle size of Ab on the quality of chicken batters were investigated.

Table 2.3 — The formulations of chicken batters with different Ab particle sizes
(units: g/100 g)
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Raw material/ ingredients | CcK | D: | D | Ds
Meat batter (1009)
Chicken meat 60 60 60 60
Back fat 20 8 8 8
Ab powder (118 um) - 4 - -
Ab powder (100um) - - 4 -
Ab powder (34 um) - - - 4
soybean oil - 8 8 8
Ice water 20 20 20 20
Total 100 100 100 100
Others (% of meat batter)
Refined salt 1.4 1.4 1.4 1.4
Sodium tripolyphosphate 0.3 0.3 0.3 0.3
Sugar 0.65 0.65 0.65 0.65
Ground white pepper 0.15 0.15 0.15 0.15

(4) The effect of Ab on the gel properties of chicken myofibrillar protein

The MP was diluted to a final concentration of 70 mg/mL using a buffer containing
0.6 mol/L NaCl and 50 mmol/L K;HPO4/KH,PO4 (pH 6.5). The Ab powder was added to
the MP solution at mass percentages of 0% (CK, control), 1% (T30), 2% (T2), 4% (T4),
6% (T6), respectively, and then the blended MP solution was homogenized at 15,000 rpm
for 30 s in a homogenizer (IKA-T25, IKA Instruments Ltd, Staufen, Germany). A part of
the Ab-MP mixed solution was used for measuring dynamic rheological properties. The
rest of the samples were divided into 10 mL beakers, each beaker was filled with 10 g of
the Ab-MP mixture and then sealed with plastic wrap. Next, the samples were subjected
to a thermal gelation process (80 °C, 20 min) followed by overnight storage at 4 °C. Then,
the water holding capacity, gel strength, texture, LF-NMR T,, microstructure, and
secondary structure of the thermal gel were measured.

(2) The research of the recipe composition and quality properties of the sausages

(D Optimization of potato starch addition in sausage

The raw materials for making sausages were first prepared, including 240g of
chicken breast, 32g of pork back fat, 16g of Ab powder, 32g of soybean oil, 80mL of ice
water, 1.2g of edible sodium polyphosphate, 0.6g of white pepper powder, 2.6g of white
sugar, 5.6g of salt, 0.80g of chicken essence. The addition amount of tomato starch was

8g, 12g, 16g, 20g, 24g respectively (ie 2%, 3%, 4%, 5%, 6% of chicken batters). Five sets
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were prepared according to the method of 2.2.5 and Figure 2-2. The color, flavor, taste,
texture and general acceptance of the sausages were graded respectively for screening out
the best addition amount of potato starch in sausage.

(2) Optimization of chicken essence addition in sausage

The raw materials for making sausages were first prepared, including 240g of
chicken breast, 32g of pork back fat, 16g of Ab powder, 32g of soybean oil, 80mL of ice
water, 1.2¢g of edible sodium polyphosphate, 0.6g of white pepper powder, 2.6g of white
sugar, 5.6g of salt. The addition amount of tomato starch was the optimal amount obtained
in (1). The addition amounts of chicken essence were Og, 0.4g, 0.8g, 1.2g, 1.6g
respectively (ie 0%, 0.1%, 0.2%, 0.3%, and 0.4% of chicken batters). Five treatments of
sausages with different recipes were prepared according to the method of 2.2.5 and Figure
2.2. The color, flavor, taste, texture and general acceptance of the sausage were graded
respectively for screening out the best addition amount of chicken essence in sausage.

(3 Optimization of refined salt addition in sausage

The raw materials for making sausages were first prepared, including 240g of
chicken breast, 32g of pork back fat, 16g of Ab powder, 32g of soybean oil, 80mL of ice
water, 1.2¢g of edible sodium polyphosphate, 0.6g of white pepper powder, 2.6g of white
sugar. The addition amount of tomato starch and chicken essence was the optimal amount
obtained in (1) and (2). The addition amounts of refined salt were 4g, 4.8g, 5.6g, 6.4g,
7.2g respectively (ie 1%, 1.2%, 1.4%, 1.6%, and 1.8% of chicken batters). Five treatments
of sausages with different recipes were prepared according to the method of 2.2.5 and
Figure 2.2. The color, flavor, taste, texture and overall acceptance of the sausage were
graded respectively for screening out the best addition amount of refined salt in sausage.

(@) Optimization of the premix of Ab and soybean oil addition in sausage

Ab powder was mixed with soybean oil in 1:2 24 hours in advance for absorbing
oil and expanding. The raw materials for making sausages were first prepared, including
240g of chicken breast, 80mL of ice water, 1.2g of edible sodium polyphosphate, 0.6g of
white pepper powder, 2.6g of white sugar. The addition amount of tomato starch, chicken

essence, and refined salt was the optimal amount obtained in (1), (2), and (3). To replace



64

0%, 30%, 60%, and 90% of pork back fat, respectively, the addition amounts of the
premix of Ab and soybean oil were Og (CK) ,24g (T30) ,48g (T60) ,72g (T90) ,

respectively (ie 0%, 6%, 12%, and 18% of chicken batters), the corresponding additions
of pork back fat were 80g, 56g, 32g and 8¢, respectively. Four treatments of sausages
with different recipes were prepared according to the method of 2.2.5 and Figure 2.2. The
color, flavor, taste, texture and overall acceptance of the sausage were graded respectively
for screening out the best addition amount of the premix of Ab and soybean oil in sausage.

B Evaluation of the quality characteristics of the sausage

The formula of chicken sausages as shown in Table 2.4. Four formulations were
designed to reduce fat (0%, 30%, 60%, and 90% reductions) by the addition of Ab and
soybean oil premix. The preparation method of chicken sausages as described in 2.2.5
and Figure 2.2. Next, the sausages were stored at 4°C until the laboratory analysis during
the 35-days storage period. Chemical composition, amino acid, and fatty acid profile were
evaluated only on day 0. The sausages were placed at room temperature for 30 min in
advance for the microbial analysis. Analyses of other indicators for each formulation were
conducted at 0, 5, 10, 15, 20, 25, 30, and 35 days of storage in triplicate.

Table 2.4 — Formulations of chicken sausages with Ab powder

Raw material/ ingredients Formulations( %)
CK [ T30 [ T60 | T90
Meat batter

Chicken meat 60 60 60 60

Back fat 20 14 8 2

Ab powder 0 2 4 6
Soybean oil 0 4 8 12

Ice water 20 20 20 20
Total 100 100 100 100

Others (% of meat batter)

Refined salt 1.4 1.4 1.4 1.4
Sodium tripolyphosphate 0.3 0.3 0.3 0.3
Chicken essence 0.1 0.1 0.1 0.1
Sugar 0.65 0.65 0.65 0.65
Ground white pepper 0.15 0.15 0.15 0.15

Potato starch 5 5 5 5
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2.3 Technical route figure

A detailed research plan was developed in order to define the scope, objectives and
content of the research and to plan the entire research process specifically so that the study
could be implemented as planned and thus successfully complete the research task (Fig.
2.2). To develop a new type of low-fat chicken sausages using Ab, it is necessary to
determine the optimal amount and method of addition of Ab, the particle size of Ab, the
formulation of low-fat chicken sausages, and evaluate the nutritional and storage
properties of the sausages, the economic benefits and the effects of application in
enterprises. The research results will provide a basis for the development of a new
technology for producing low-fat chicken sausage using Ab. The study is divided into
five stages.

The first stage is the theoretical analysis. The main areas of focus are the following.
Analysis of the impact and consumption trends of meat and meat products, analysis of
the characteristics of low temperature meat products and progress in fat reduction
technology, analysis of the current status of cultivated mushroom production and its
application in food processing, and analysis of the health properties and application
prospects of Ab in low fat meat products.

The second stage is to define the main objectives and tasks of this study based on
the theoretical analysis.

For the purpose of the study, the third phase defines the content of the experiment.
The experiment included two main parts. One part investigated the effect of Ab on the

quality of the minced chicken system. The research was carried out in four aspects:

selecting the optimal amount of fat replacement in chicken batters by Ab, selecting the
optimal way to replace fat in chicken batters by Ab, selecting the optimal particle size of
Ab and exploring the mechanism of Ab to improve the gelation properties and water
retention capacity of low-fat chicken batters. Through these four aspects of research, a
method for obtaining high quality low-fat chicken batters containing Ab is established
and the feasibility of applying Ab to low-fat chicken batters is theoretically determined.

The other part was the production of low-fat chicken sausages using low-fat chicken
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batters. Three aspects of the study were conducted: determining the optimum formulation
composition for the production of low-fat chicken sausages containing Ab, determining
the technological solutions for the production of low-fat chicken sausages containing Ab,

and investigating the nutritional and storage characteristics of low-fat chicken sausages
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Figure 2.2 — Technical route

containing Ab. Through these three studies, the composition of the low-fat chicken

sausage recipe, the production technology, the quality characteristics and the shelf life
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will be determined.

The fourth stage is the economic benefit analysis. The economic benefits of
producing low-fat chicken sausages containing Ab in food processing enterprises were
analysed to assess the expected economic benefits of implementing the results of this
study in enterprises and to determine the feasibility and prospects of the practical
application of the research results.

The fifth stage is the implementation of the research results in practice. A standard
document on the production processing and operational key points of low-fat chicken
sausages containing Ab was developed and the research results were approved by the
industry under factory production conditions at Henan Jiaduoduo Foods Co Ltd (China)
and Henan Fengxiangfengwei Food Co Ltd (China).

The experimental part of the thesis was conducted in the laboratories of Food
Technologies Faculty of Sumy National Agrarian University (Sumy, Ukraine ); “National
Pork Research and Development Technology Center” of Henan University of Science and
Technology (Xinxiang, China ); “Intensive Processing and Quality Control of
Agricultural Products” Key Laboratory of Henan Province's universities (Xinxiang,
China ), and “Functional Food and Ingredients” Key Laboratory of Xinxiang City
(Xinxiang, China ); Institute of Structural Biology, Nanyang Technological University
(Singapore).

CONCLUSION OF SECTION 2
1. The methods used in the thesis work are identified, including a variety of methods such
as theoretical studies, raw materials and ingredients, experimental methods, practical
testing and technology dissemination.
2. Established a Technical route for developing low-fat chicken sausage with Ab

mushroom.
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SECTION 3 THE RESEARCH OF THE CHICKEN MEAT BATTERS

SYSTEMS WITH AB
3.1 The effect of the Ab addition on the quality of chicken batters

Fat has an important influence on the texture, water retention and flavor of
emulsified meat products. When the fat content is lowed, the quality of meat products
will be severely degraded, so it is difficult to develop low-fat meat products. When
replacing fat with Ab, the quality of meat products will be affected by the amount, adding
method, and particle size of Ab. However, at present, there is no relevant research report
on the application of Ab to low-fat chicken products. Therefore, it is necessary to study
these aspects.

The gelation of protein is an important part of the functional properties of meat
products, and is mainly responsible for the functional properties of processed meat
products, including firmness, elasticity, chewiness, and cohesiveness. Muscle proteins are
composed of approximately 60% salt-soluble myofibrillar proteins, which can form three-
dimensional gels upon heating, and the effects of these proteins on gel formation, water
retention, structure, and rheological properties have been widely reported. It is crucial to
study the properties of mixed gel of myofibrillar protein and fat substitute to judge the
quality of meat products, which can provide theoretical guidance for the development of
low fat meat products. Therefore, it is necessary to study the properties of the composite
gel of Ab and chicken myofibrillar protein, so as to provide guidance for the application
of Ab chicken emulsified products theoretically.

3.1.1 pH

As can be seen in Figure 3.1, the pH value of chicken ground meat significantly
increased with the increase in the amount of fat replacement. This result was consistent
with previous studies. Jeehwan Choe and Juri Lee(2018) observed an increase in the pH
of pork batter with the addition of winter mushroom powder[129]. This might be due to
the buffering effect of proteins in Ab powder.

Ab contains high levels of basic amino acids such as arginine and histidine at a

level of 99.8umoL and 133.7 umoL per 100 g sample on a wet weight basis[138], the pH
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value of Ab was 6.50[139],which was much higher than that of the control(5.99). Higher
pH value was more conducive to the formation of meat gels, resulting in a finer gel
structure and greater gel strength[140]. This result was inconsistent with the report of
Wang, Cheng Li et al.(2019), who reported that the replacement of pork back fat with
fried Pleaurotus eryngii resulted in a reduction in the pH of the sausage, mainly because
the pH of fried P. eryngii was lower than that of pork back fat [131].

Based on the above analysis, adding Ab powder increased the pH value of chicken

batters, which would be conducive to improve the gel structure of meat paste.
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Figure 3.1 — pH value of chicken batters with Ab powder as fat substitution

Note: *Means with different letters are significantly different (p<0.05).
3.1.2 Emulsion stability

The change trend of cooking loss, water loss and fat loss of samples with different
fat replacement percentage were different (Table 3.1).The amount of cooking loss and
water loss decreased with the increase of fat replacement amount, fat loss fluctuated with
the increase of fat replacement amount and reached the maximum at 10% replacement
(Table 3.1). The cooking loss and water loss were significantly (P < 0.05) different from
those in the control group when the fat replacement amounts were more than 2% and 8%
respectively, which was closely related to the increase in pH of the chicken batters with
different fat replacement amounts. Because the high pH value of chicken batters would
have increase the net negative charge of chicken protein, which could have increased its
water holding capacity and, subsequently, reduced cooking loss and water loss[141]. In
addition, Ab contain hemicellulose, cellulose and lignin at a level of 10.10% ,11.39%,

and 14.68% respectively[139], which have oil absorption and hydration (water uptake,
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retention, and swelling) properties[142, 143]. This result was consistent with the report
of Minyi Han, et al. (2017) who found that adding dietary fiber significantly reduced
cooking loss of meat products[142]. However, the results of fat loss in this study were
different. One possible reason for this was that the water holding capacity of Ab was
stronger than that of oil holding capacity, and a small amount of Ab preferentially
adsorbsed water. With the increase of the amount of Ab powder, the content of free water
in the system decreased, subsequently, Ab started to absorb a lot of oil, as a result, the
loss of fat reduced.

Table 3.1 — Emulsion stability of chicken batters with different amounts of fat

replacement
Percentage of fat Emulsion stability

replacement Cooking loss (%) Water loss (%) Fat loss (%)
0 13.47+0.37a 12.32+0.15a 1.14+0.03d

2% 12.83+0.25a 11.77+0.08a 1.06£0.01de

4% 12.03+0.75b 10.89+0.03a 1.15+£0.01d

6% 11.33+0.15b 10.12+0.05a 1.21+0.02¢

8% 9.87+0.13¢ 8.33+0.18ab 1.54+0.02bc
10% 8.66+0.45d 6.79+0.07bc 1.874£0.01a
20% 7.52+0.36e 5.74+0.05¢cd 1.78+0.02bc
30% 5.60+0.18f 4.22+0.02cd 1.38+0.00bc
40% 3.47£0.31g 2.38+0.01d 1.08+0.01de
50% 1.7+£0.30h 0.97+0.01e 0.73+£0.01e

Note: All values are mean + SD. a—g Means within a column with different letters are significantly

different (p<0.05).
3.1.3TPA

According to Table 3.2, the texture parameters of chicken batters increased with
the increase of the amount of fat replaced by Ab, but the springiness, cohesiveness and
chewiness decreased when the added amount was high. When the fat replacement amount
was more than 10%, the hardness began to increase significantly. When the amount was
50%, the hardness was the highest, which was 1.37 times of the control. The springiness
of the samples with 8% to 20% fat replacement was significantly higher than that of the
control group and other experimental groups. When the fat replacement was 10%, the
springiness reached the maximum value of 0.916, but there was no significant difference

among the three sample groups. The samples of 40% and 50% group deteriorated in
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springiness, which was consistent with the research results of Jung Ha et al.(2001) that
adding Ab powder to surimi increased the hardness and springiness of surimi [144].

However, Wong km etal. (2017) reported that adding wet Ab to ground beef (80 /20 fat
blend) reduced the hardness of beef [145]. Chung SI et al.(2010) found that adding King

Oyster mushroom to cutlefish meat paste reduced the hardness of minced meat [116],
which were inconsistent with the present results. The possible reason was that King
Oyster Mushroom with 87.1% moisture content, leading to a reduction in the hardness of
surimi.

When the replacement amount was more than 10%, the chewiness of the sample
group was significantly higher than that of the control group. When it was 30%, the
chewiness was the best. Nevertheless, there were not the significant difference between
20%, 40% and 50% sample groups. Ab powder did not have a strong effect on improving
the cohesiveness of chicken batters. The cohesiveness of the samples with 2% to 8% of
fat replacement increased slightly, while only the samples with 6% and 8% of fat
replacement were significantly higher than the control. When the amount of fat
replacement was greater than 8%, the cohesiveness was significantly worse than that of
the control. This result was consistent with that reported by Chung Si et al. (2010)[116].

The results of this experiment were contrary to the results of refined dietary fiber
from ascidian on the texture of surimi. Hong-Sun Yook et al. (2000) reported that fish
paste prepared with refined dietary fiber from ascidian, with the increase of fiber content,

the springiness decreased and the viscosity increased [146], which might be due to the

different quality of mushrooms, raw materials and meat.

In the meat processing, high ionic strength was more conducive to the extraction
of myofibrillar protein in meat [147], the structural characteristics of cooked meat
products were closely related to the gelation of myofibrillar proteins [127, 148]. Ab
contain higher Ca, K, Mg, Na and other elements, the contents were 860, 38105, 11099,
234 mg kg'! dm, respectively [149], and high metal elements increased the ionic strength

of chicken meat, which was conducive to the extraction of soluble protein from chicken

meat, thus form meat gel structure. Another reason for the gelation of meat emulsion
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structure might be related to the presence of dietary fiber and its water-holding behavior
[150]. The rich dietary fiber of Ab was beneficial to the formation of gel structure [139].

High addition of Ab was detrimental to springiness, cohesiveness and chewiness,
and this inhibitory effect could be attributed to the presence of other components in the
mushroom. Such as ash, which will adversely affect the interaction between the
hydrophilic groups of the protein and water molecules or the protein-protein interaction
[151].

Based on the above analysis, the hardness, springiness and chewiness of chicken
batters with 20% fat replacement improved significantly, although the cohesiveness
decreased. Therefore, 20% replacement was considered the best level.

Table 3.2 — The textural profile of cooking chicken batters with different amounts of

fat replacement

Percentage of Firmness(g) Springiness Cohesiveness Chewiness(g)

fat replacement
0% 7392.02+462.48d 0.889+0.006bcd 0.71+0.02¢ 4748.94+310.54¢
2% 7481.994+293.28d 0.901+0.009abc 0.72+0.01bc 4862.28+637.47¢
4% 7541.56+259.89d 0.903+0.018abc 0.72+0.01bc 4913.39+107.87¢
6% 7565.70+650.23d 0.908+0.028ab 0.73+£0.01ab 4993.27+372.69¢
8% 7617.12+368.64d 0.910+0.018a 0.73+0.01a 4929.70+414.02¢
10% 7730.49+158.19d 0.916+0.019a 0.70+0.00d 4976.29196.75¢
20% 8380.79+350.12¢ 0.911+0.003a 0.69+0.01e 5569.27+302.43b
30% 8610.34+287.88bc 0.908+0.002ab 0.67+0.01f 6256.09+209.74a
40% 9042.53+312.73b 0.883+0.010cd 0.66+0.01¢g 5712.12+260.60b
50% 10090.66+473.84a 0.874+0.006¢cd 0.65+0.00g 5725.51+£298.78b

Note: All values are mean = SD. a—g Means within a column with different letters are significantly

different (p<0.05).
3.1.4 Color

The addition of Ab powder significantly (P < 0.05) changed the L*, a*, b* values
and whiteness of chicken batters (Table 3.3). The L* value and whiteness decreased
significantly (P < 0.05) and lower than control group with the increase of Ab powder
content. Meanwhile, the value of a* and b* increased significantly (P < 0.05) and higher
than control group. The possible reason was that L* value and whiteness of Ab powder
were low. Nevertheless, a* and b* value of chicken batters were increased, which may be

due to the yellowish pigmentation in Ab powder. This result was consistent with the report
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of Jung UK ha et al. (2001) who found that adding Ab powder reduced the L* value and
increased the a* value of surimi [144]. Arun K. et al. (2010) reported that the color index
of low-fat chicken nuggets increased with the incorporation of apple pulp level. The high
redness and yellowness of apple pulp could be the reason for the increased chroma index
of the product [152].

Nevertheless, the results of this study were not completely consistent with the
results of Ceron-Guevara et al. (2019) [153] who reported that the addition of Ab powder
had a significant (P < 0.05) effect on the L* value, but not on the a* and b* values of beef
patties. The possible reason was that the beef had higher a* and b* values than chicken.

The addition of Ab powder significantly reduced the whiteness of chicken batters.
When the amount of mushroom replacing fat was 50%, the whiteness value was close to
that of pork sausage with monascus color [131], but no pigment was added in this
experiment. Therefore, Ab powder could also be used as a natural food pigment, reducing
the amount of other pigments.

Table 3.3 — The color of cooking chicken batters with different amounts of fat

replacement
Percentage of L* a* b* Whiteness
fat replacement
0% 85.16 +£0.21a 0.85+0.01h 8.81 + 0.08h 82.72+ 0.22a
2% 81.36 + 0.28b 1.06 £ 0.05f 10.58 + 0.06g 78.54+ 0.22b
4% 79.80 + 0.25¢ 0.74 £0.01i 12.12 + 0.06f 76.43+ 0.19¢
6% 77.79 + 0.05d 0.98 £ 0.02¢g 12.17 £ 0.10ef 74.66+ 0.07d
8% 77.69 + 0.46d 1.18 £ 0.03¢ 12.33 £0.08¢ 74.49+ 0.38d
10% 74.48 + 0.47¢ 1.20 = 0.04e 13.11 £0.19d 71.28+ 0.34e
20% 68.82 + 0.11f 1.78 £ 0.08d 17.48 £0.17¢ 6421+ 0.17f
30% 64.90 £ 0.33g 2.36 £0.05¢ 18.17 £ 0.11b 60.41+ 0.25g
40% 61.15 +0.16h 3.0£0.02b 18.19 +0.00b 57.00+ 0.15h
50% 60.17 £ 0.32i 3.28 £ 0.03a 18.50 £ 0.09a 55.96+ 0.30i

Note: All values are mean + SD. a—1 Means within a column with different letters are significantly

different (P < 0.05).

3.1.5 Scanning electron microscopy

The control group and the sample with 20% fat replacement, which was considered
to have the best qualitative improvement, were selected for SEM observation, as shown
in Figure 3.2. Observation of these microstructure changes contributed to explain water-

binding abilities and the textural properties of the cooked chicken batters.
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The scanning electron microscope image reflected the microstructure of the meat
emulsion gel, and could be used to explain the water holding capacity of the gel. Smooth
gels could effectively bind water, while coarse gels were fragile and had poor water
holding capacity [32]. The control group (as shown in Figure 3.2, A, C) without adding
Ab powder had rough surface and large cavity structure. The pore in the microstructure

of gel was water channe [154], and large macropores made it easy for water to escape

from the protein network, resulting in increased water loss.

The addition of Ab powder increased the gel network density of chicken batters,
and the gel showed a compact, uniform and continuous appearance (as shown in Figure
3.2, B, D), the pores in the microstructure decreased as well as. The observation of
microstructural changes showed that Ab powder as a fat substitute could improve the
water retention of chicken batters, fill the protein matrix and improve the gel strength of
chicken batters, which were consistent with the results of water loss and tissue profile in
present study. It is reported that the addition of regenerated cellulose could effectively
reduce the pores of water channels and fill the protein matrix, which was easy to intercept
the water [155]. It was reported that the cellulose content of Ab powder was as high as
21.49%][139], so it could be inferred that Ab powder prevented water from seeping out

through the capture and retention of moisture in the muscle protein matrix and reduced

the water channel through the filling action, thereby densified the gel network. Therefore,

Figure 3.2 — The microstructures of cooked chicken batters observed by scanning

electron microscopy.
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Note: (A) Control without Ab, 500 x visual fields; (B) Replace 20% of the fat with Ab, 500 x visual
fields ; (C) Control without Ab, 2000 x visual fields; (D) Replace 20% of the fat with Ab.

3.2 The effect of the addition method of Ab on the quality of chicken batters
3.2.1 Cooking yield (CY), water holding capacity (WHC) and color

Generally, both CY and WHC can indicate the quality and moisture-binding
capacity of meat batter. Table 3-4 shows the CY, WHC, and color of the meat batters with
or without fat substitutes. The CY and WHC of the samples containing fat substitutes
were significantly increased (P < 0.05) compared to CK, indicating that the three fat
substitutes significantly improved the moisture-binding capacity of meat batter. The
increase in CY and WHC might be due to several components such as cellulose,
hemicellulose, and lignin present in Ab [139], which show good oil-absorbing and water-
binding properties [142, 143]. However, there were no significant (P < 0.05) differences
between the samples of Ab and Ab+O in CY and WHC in the present study. A possible
explanation for this result in our study could be due to the presence of less pork back fat
in the sample of Ab+O than Ab.

The color characteristics of meat products are essential for the consumers’
acceptance of the product [156]. Compared to CK, the values of L* and whiteness of the
samples containing fat substitutes decreased significantly (P < 0.05), while a* and b*
value were increased significantly (P < 0.05). This outcomes may be related to the color
of Ab powder, which is low in L* and whiteness values, and high in a* and b* values,
due to its characteristic yellowish pigmentation[153]. These results of L* and b* values
were consistent with the report that the addition of Ab powder reduced the L* value and
increased the b* value of beef paste [157]. Furthermore, it has reported that the color
index of low-fat chicken nuggets containing apple pulp increased with the level of apple
pulp, which exhibited high redness and yellowness [152]. In addition, the whiteness, L*,
a*, and b* values of cooked batters treated with Ab+O was significantly (P < 0.05)
different from the treatment of Ab and Ab+W, which might be attributed to the color of
soybean oil and the difference in solubility of the mushroom pigments in water and oil
[158, 159].

Table 3.4 — CY, WHC and color of chicken batters without or with fat substitutes



Sample | CY WHC Whiteness L*-value a*-value b*-value

CK 85.01+1.19° | 85.1240.82° | 78.7040.17% | 83.3540.12% | 1.5040.06° | 13.2140.07°
Ab 90.6040.94% | 88.07+1.31% | 59.6240.09° | 63.3440.09° | 1.9740.11% | 16.5440.08%
Ab+O | 89.6240.47% | 87.79+1.13* | 63.8720.12° | 67.5740.15° | 1.7840.08° | 15.8740.10°
Ab+W | 87.5540.81° | 86.8840.30° | 60.0720.29° |63.7140.21° | 1.9740.14% | 16.560.122

Note: CB: chicken batters; CK: control (100% pork back fat); Ab: CB+80% pork back fat +20% Ab
powder; Ab+O: CB + 40% pork back fat + 20% Ab powder+ 40% soybean oil; Ab+W: CB +40% pork
back fat + 20% Ab powder + 40% water; CY: cooking yeild; WHC: water holding capacity. Different

letters (a—c) in the same column indicate significant differences (P < 0.05) between samples.
3.2.2 TPA

Figure 3.3 shows the texture profile of chicken gel with or without Ab powder.
Compared with the CK, the addition of Ab powder significantly (P < 0.05) improved the
hardness, springiness, and chewiness, and reduced the cohesiveness of the batters. The
addition of Ab powder and soybean oil significantly (P < 0.05) enhanced the hardness,
springiness, and cohesiveness, and exhibited no significant effect on the chewiness of the
chicken gel. The addition of Ab powder and water significantly (P < 0.05) increased the
hardness, springiness, and chewiness, and exhibited no significant effect on the
cohesiveness of the batters. Thus, it could be concluded that the combination of Ab
powder and soybean oil or water significantly (P < 0.05) improved the texture
characteristics of the batters. These results are supported by a previous study, wherein it
was observed that the rich dietary fibre from Ab was beneficial for the textural properties
of cooked beef emulsion [139]. The structural characteristics of cooked meat products
were closely related to the gelation of myofibrillar proteins [127, 148]. During the
preparation of meat batters, high ionic strength is helpful for the extraction of myofibrillar
protein from meat [147]. Ab powder is rich in Ca, K, Mg, Na, and other elements, which
increases the ionic strength of chicken batters and makes it conducive to extract salt-
soluble proteins from chicken [149], proving it beneficial for the formation of the three-
dimensional structure of heat-induced gel [160]. The Ab+O sample had the highest
springiness and cohesiveness, suitable hardness, and similar chewiness to the control
group, thus showing the best texture attributes among all the samples. This could be due
to the fact that the premixing of Ab powder and oil disperses oil droplets in Ab particles,

forming smaller oil droplets than fat globules, reducing the accumulation of oil droplets
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and the interfacial tension between water and oil phases, and accelerating the
emulsification process of meat. This result agrees with the results of Choi et al. (2009)
who reported the effects of vegetable oils and rice bran fiber on the textural properties of

low-fat meat emulsion systems[161].
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Figure 3.3 — The textural attributes of cooked chicken batters without or with fat

substitutes.
Note: CB: chicken batters; CK: control (100% pork back fat); Ab: CB+80% pork back fat +20% Ab
powder; Ab+O: CB + 40% pork back fat + 20% Ab powder+ 40% soybean oil; Ab+W: CB +40% pork
back fat + 20% Ab powder + 40% water. Values bearing different superscripts above the bar with the

same color indicate significant differences (P < 0.05) between samples.
3.2.3 Dynamic rheological properties

Dynamic rheological properties reflect the continuous changes in myofibrillar
protein and protein-protein interactions (especially the myosin protein), which are closely
related to the intramolecular and intermolecular binding in protein molecules [162]. The
storage modulus (G') indicates the changes in the elastic properties of the gel network
structure and matrix strength [163]. Figure 3.4 shows the elasticity of chicken batter
during heating by measuring the storage modulus (G').

The curve of G' of all samples showed similar characteristics with increasing
temperature (Figure 3.4). There was a typical initial increase until the peak was reached
at about 54.52 °C, which suggested that the myosin head had started aggregating and
initiated the protein denaturation, resulting in the formation of weak gel network

structures [154]. Subsequently, G' markedly decreased and reached its peak value at
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62.5 °C, which might be related to the uncoiling of the myosin tail leading to an increase
in protein mobility and destruction of the protein network that had previously formed at
a lower temperature [164]. The G' value then sharply increased because of the formation
of new chemical bonds and increased cross-linking between the proteins, causing the
viscous sol to simultaneously transform into an elastic gel network. The rheological
results of our study were in accordance with the typical characteristics of meat emulsion
[162].

The final G' values of the three samples with fat substitutes were higher than that
of the control samples, indicating that these substitutes could improve the elastic
properties of the gel network structure and matrix strength of the chicken gelling system.
This could be attributed to the rich dietary fibre from Ab powder, which might act as a
filler and dehydrator, or change the protein structure, thereby enhancing the gel structure.
It has reported that dietary wheat could function as a dehydrating agent in surimi and
change the tertiary structure of the protein in the sol phase, as reflected in the alterations
of the hydrophobic side chain environment, making them more solvent-exposed. After
heating, it resulted in hydrophobic contact between protein and fibre and an effortless
nonspecific solidification, thereby forming a continuous, compact, and dense uniform
structure in batter [165].

Among all the treatments, the sample of Ab+O showed the highest G' value. In
contrast, the sample of Ab+W displayed the lowest G' value, indicating that Ab+O showed
the best ability in improving the meat batter elasticity than Ab and Ab+W. This was in
agreement with the findings of the texture profile in this study. One possible explanation
for the improved elasticity of chicken batter is that the premixing of Ab powder with
soybean oil is similar to oil drop pre-emulsification. Many studies have confirmed that
the addition of pre-emulsified vegetable oil could improve the G' level of meat batters

[33, 161].
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Figure 3.4 — The storage modulus (G') of chicken batters without or with fat substitutes.
Note: CB: chicken batters; CK: control (100% pork back fat); Ab: CB+80% pork back fat +20% Ab
powder; Ab+O: CB + 40% pork back fat + 20% Ab powder+ 40% soybean oil; Ab+W: CB +40% pork
back fat + 20% Ab powder + 40% water. Values bearing different superscripts above the bar with the

same color indicate significant differences (P < 0.05) between samples.
3.2.4 LF-NMR spin-spin relaxation (T2)

The low-field pulse NMR technique measures the T2 relaxation time and estimates
the fluidity and structural properties of the components of the water molecules partially
fixed by the proteins in the gel system.

Figure 3.5 and Table 3.5 show the continuous distribution of NMR T2 relaxation
time and three T2 relaxation times of water protons and corresponding peak area fractions
of water in cooked chicken batters. Three separate peaks were identified as T2b, a fast
minor component (0—3% of total water), T21, a major component (91-98% of total water),
and T22, a slow component (1-6% of total water) with the relaxation time of 0—1 ms, 40—
60 ms, and 300-900 ms, respectively. In general, T2b reflects water molecules tightly
bound or closely connected to myofibrillar proteins through strong hydrogen bonds [166].
T21 corresponds to immobilized water trapped within the myofibrillar protein matrix and
tightly bound to monolayer water molecules [167]. T22 is related to free water that is
weakly bound to the gel system and is the most fluid water component in the gel[168].
There were no significant (P < 0.05) differences in T2b of all samples, while the PT2b of
Ab+O was significantly (P < 0.05) smaller than that of the other three samples, suggesting
that the addition of Ab powder and soybean oil changed the bonding state of water and



80

protein in chicken gel. It has reported that bamboo shoot dietary fibre did not influence
the proportion of bound water in pork meat batter, which was consistent with the results
of the samples of Ab and Ab+W in present experiment [169]. Compared to CK, the T21
values significantly decreased in the samples of Ab and Ab+O (P < 0.05), indicating that
Ab powder or the mixture of Ab powder and oil could significantly (P < 0.05) enhance
the gel's ability to bind to water and weaken the freedom degree of moisture. A significant
(P < 0.05) decrease in T22 was observed in the gel system of chicken batter of Ab and
Ab+O, suggesting that the addition of Ab powder or mixture of Ab powder and soybean
oil decreased the water mobility of chicken meat gel and increased CY and WHC of
chicken batters.

The amount of immobilized water in the Ab and Ab+O samples was significantly
(P < 0.05) higher, while the amount of free water was significantly lower than those of
the other two groups. The variation trend of T21 and PT21 between Ab and Ab+O was
inconsistent. However, it has been reported that specific changes or trends between T21
and PT21 might be incompatible [154, 170]. The incompatibility between T21 and PT21
might be ascribed to the fact that the chicken batters with Ab powder and soybean oil
formed a denser gel structure. The smaller the gel pore, the smaller the degree of freedom
of the water wrapped by the myofibrillar protein matrix. A part of the free water in cooked
chicken batters could have transformed to immobilized water, which may be related to

the gel network structure.
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Figure 3.5 — The continuous distribution of NMR T2 relaxation time of chicken gel

without or with fat substitutes.
Note: T2 relaxation time of chicken gel (a). T21 relaxation time of chicken gel (b). T22 relaxation time
of chicken gel (c). CB: chicken batters; CK: control (100% pork back fat); Ab: CB+80% pork back fat
+20% Ab powder; Ab+O: CB + 40% pork back fat + 20% Ab powder+ 40% soybean oil; Ab+W: CB
+40% pork back fat + 20% Ab powder + 40% water. Values bearing different superscripts above the bar
with the same color indicate significant differences (P < 0.05) between samples.

Table 3.5 — T2 relaxation times and corresponding peak areas percentages of water in

cooked chicken batters

Samples | Tz, (Ms) To1 (Ms) T22 (Ms) PT2 (%) PT21 (%) PT2 (%)
CK 0.4340.18% | 57.2243.04% | 811.13425.71% | 2.9440.56% | 91.61+1.41% | 5.4640.172
Ab 0.4340.122 | 49.7742.15° | 351.12423.41¢ | 2.3840.45% | 95.82+1.24° | 1.8040.43¢

Ab+O | 0.5740.10% | 49.7743.23° | 351.12420.62° | 0.4240.12° | 97.92+1.032 | 1.6640.25°

Ab+W | 0.6540.082 | 57.2242.01% | 513.59+420.48° | 2.6640.36% | 93.24+41.36° | 3.5240.36"

Note: CB: chicken batters; CK: control (100% pork back fat); Ab: CB+80% pork back fat +20% A.
bisporus powder; Ab+O: CB + 40% pork back fat + 20% Ab powder+ 40% soybean oil; Ab+W: CB
+40% pork back fat + 20% Ab powder + 40% water. Different letters (a—d) in the same column indicate

significant differences (P < 0.05) between samples.
3.2.5 Microstructure
Figure 3.6 shows the SEM images of cooked chicken batters without or with
various fat substitutes. The SEM images indicated that the addition of different fat
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substitutes affected the microstructure of cooked chicken batters. A smooth
microstructure can effectively bind water, while a coarse microstructure is fragile and has
a low water holding capacity [169]. As shown in Figure 3-6, the SEM micrograph of the
CK exhibited a granular, rough aspect and large, irregular cavity structure. The cavity in
the microstructure of the gel was the water channel [154]. The water channels in the SEM
micrograph of the CK had cross throughout the gel network, and it was easy for water to
escape from the protein network in macropores, increasing the water loss. In contrast, the
water channels in the samples with fat substitutes became thinner or even disappeared;
the SEM micrograph exhibited a relatively uniform, compact, homogeneous, and ordered
network structure. A possible explanation could be that the cellulose in Ab powder
expanded after absorbing water and shrunk the water channel, making the gel network
structure more compact. Therefore, it could be inferred that the CY of the samples with
various fat substitutes should be greater than that of the CK, which was consistent with
the result of CY in our study. In particular, the bridge between adjacent macromolecules
was more obvious in the SEM micrograph of the Ab+O sample, followed by Ab and
Ab+W samples. A more apparent bridge could prevent the formation of interconnected
water channels and assist in generating further independent water cavities, thereby
obtaining better gel quality and excellent WHC. This was in agreement with the results
of WHC in this study. Previous studies have demonstrated that WHC of meat products is
linked to the microstructure [171, 172]. Generally, the diameter of the pores within the
protein lattice range from 0.1 to 1.0 um, which is inversely proportional to the magnitude
of the force that immobilizes water [173]. When water is immobilized in pores, the
distance of water diffusion to the water/protein interface is shortened than unfixed water,
resulting in a more significant proportion of immobilized water molecules to diffuse to
the protein/water interface. Therefore, the T2 value of the immobilized water in the pores
is lower than that of free water, and as the pore size decreases, the T2 value gradually
decreases, approaching that of bound water [172]. Consequently, the addition of three fat
substitutes formed more and smaller porous microstructure, which caused a decrease in

T2 value, thus resulting in a higher WHC.


about:blank

83

Figure 3.6 — SEM images of chicken gel without or with fat substitutes at 1000 x

magnification.

Note: CB: chicken batters; CK: control (100% pork back fat); Ab: CB+80% pork back fat +20% Ab
powder; Ab+O: CB + 40% pork back fat + 20% Ab powder+ 40% soybean oil; Ab+W: CB +40% pork
back fat +20% A. bisporus powder + 40% water.

3.3 Effect of the particle size of Ab on the quality of chicken batters
3.3.1 CY, WHC and pH value of chicken batters

As can be seen from Figure3.7, the addition of Ab mushroom powder and soybean
oil significantly (P < 0.05) improved the cooking yield and water holding capacity of
chicken batters, which could be attributed to the abundant cellulose, hemicellulose and
lignin in Ab mushrooms [139], which had oil-absorbing and water-binding properties
[142, 143]. WHC of D1 was significantly (P < 0.05) higher than that of D2, D3 and
control group, and there was no significant difference in WHC between D2 and D3. The
CY increased significantly (P < 0.05) with the increase of the particle size of Ab, which
could be attributed to that the larger the size of Ab, the stronger the water absorption
capacity[ 174, 175]. The hydration properties of dietary fiber were affected by physical
properties such as particle size and structure, which were one of the important
characteristics of dietary fiber [176, 177]. Grinding might influence the hydration
properties of dietary fiber [178]. Generally, the smaller the particle size was, the larger
the surface area was, and the faster the fiber hydration was [179]. Nevertheless, in some
cases, grinding might cause the matrix of the fiber to collapse and reduce the water

retention capacity[175].
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The pH values of all treatment groups were significantly (P < 0.05) higher than that
of the control, D1 with the largest particle size had the highest pH value, and D2 and D3
had no significant difference. The possible reason for this was the smaller the particle size
was, the easier the acidic components in Ab dissolved out. The higher the pH value, the
more conducive to the formation of meat gel, the more refined the gel structure, the
greater the gel strength [140]. The result of change trend of pH value was consistent with

the change trend of cooking yeild and water holding capacity in present study.
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Figure 3.7 — CY, WHC and pH value of chicken batters with different particle sizes Ab.
Note: Values bearing different superscripts are significantly different (P < 0.05).
3.3.2 Color of chicken batters

Many factors, such as moisture, fat, myoglobin content, fat and nonmeat
ingredients, could affect the color of meat products [180]. In this study, the color change
of the treatment group might be attributed to nonmeat ingredient from Ab. As the content
of Ab was the same in all treatment groups, the reason of color difference in treatment
groups should be due to the different L*, a*, and b* values of Ab powder with different
particle sizes.

The L* value of all treatments decreased significantly (P < 0.05) compared with
the control (Figure3.8). The L* value of chicken gel increased significantly (P < 0.05)
with the decrease of particle size of Ab, which was due to the fact that the smaller the
particle size of Ab, the higher the L* value.

Adding Ab powder significantly (P < 0.05) reduced the whiteness value of chicken

gel (Figure 3.8). The whiteness value of chicken gel increased with the decrease of
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particle size of Ab. The whiteness values of each treatment group were different
significantly (P < 0.05) and all lower than the control significantly (P < 0.05), which
should attribute to the lower whiteness of Ab itself. Among them, whiteness of the
treatment group closest to the blank was the chicken gel with the smallest particle size of
Ab, indicating that the smallest particle size had the least impact on the whiteness of the
chicken gel.

a* value of D1 (177.93um) was the largest, and there was no significant difference
from the control. a* value of D3 (33.73um) was the smallest, and there was a significant
difference between the a* values of each treatment group (Figure3.9). The same changes
of L* and a* values [181] were found in pork sausages with different particle sizes of
celery powders. Fat and vegetable oil were the factors influencing a* value in meat
products[182]. In present study, each treatment group had the same amount of fat and
soybean oil, so the change of a * values was caused by the significantly (P < 0.05)
difference of a * values (P < 0.05) of different particle size of Ab (Figure3.9).

The b* values of treatment groups increased significantly (P <0.05) compared with
the control (Figure3.9). Simultaneously, the b* wvalues of chicken gel increased
significantly (P < 0.05) as the particle size of Ab increased. The reason might be that Ab
with the smaller particle size had larger b* values. Nevertheless, the opposite results were
reported in the pork gel with different particle sizes soy okara and the rice meatballs with
different sizes of rice bran [183, 184], which may be due to the different color

characteristics of raw materials.
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Figure 3.8 — L* value and whiteness of chicken batters with different particle sizes Ab.

Note: Values bearing different superscripts are significantly different (P < 0.05).
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Figure 3.9 — a* value and b* value of chicken batters with different particle sizes Ab.
Note: Values bearing different superscripts are significantly different (P < 0.05).
3.3.3TPA

The particle size of Ab affected the texture characteristics of chicken gel
(Figure3.10 and Figure3.11). Including soybean oil and Ab powder with different particle
sizes significantly (P < 0.05) increased the hardness, springiness and cohesiveness of
chicken gel. There was no significant difference in hardness and cohesiveness of samples
with different particle sizes of Ab powder and soybean oil. Sanchez-Alonso [185]
reported that there was no significant difference in the hardness of samples with different
particle sizes of dietary fiber, which was consistent with the results of present study.
However, the hardness of pork meatballs increased with the decrease of rice bran particle
size [184].

There was no significant difference in the chewiness between all samples and the
control group, indicating that the addition of different particle sizes of Ab powder and
soybean oil had no significant effect on the chewiness of chicken gels.

The springiness of D2 and D3 samples were significantly (P < 0.05) higher than
that of D1 samples, indicating that small particle size was more conducive to the
springiness of chicken gel. However, soy okara with different particle sizes did not
significantly affect the springiness value of pork gel (P < 0.05) [183], which was
inconsistent with the results of present study and might be due to the different
characteristics of raw materials.

Dietary fiber and its particle size could affect the structural characteristics of meat
products [184]. Dietary fiber filled the protein network structure as filler, increasing

heterogeneity of protein network, thereby enhancing gel strength [165]. Ab powder was
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rich in dietary fiber [139]. Therefore, Ab could also be used as a filler to affect the texture
characteristics of chicken gel network. The different results might be caused by the variety

of meat and the type, content and particle size of dietary fiber.
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Figure 3.10 — Hardness and chewiness of chicken batters with different particle sizes
Ab.

Note: Values bearing different superscripts are significantly different (P < 0.05).
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Figure 3.11 — Springiness and cohesiveness of chicken batters with different particle

sizes Ab.
Note: Values bearing different superscripts are significantly different (P < 0.05).
3.3.4 Correlation analysis
The Pearson correlation coefficients between the particle size of Ab and the quality

of chicken batters were shown in Figure 3.12. The particle size of Ab was highly
positively correlated with the cooking yield, water holding capacity, a* value and pH
value of chicken batters with the Pearson correlation coefficients of 0.973, 0.903, 0.914,
0.821, respectively. The particle size of Ab was highly negatively correlated with the L*

value and b* value with the Pearson correlation coefficients of -0.978 and -0.927,
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respectively. It had a moderately negatively correlation with the elasticity with the
correlation coefficient of -0.526 and a weakly correlation with cohesiveness with the
correlation coefficient of 0.26. It has no correlation with hardness and chewiness with the
correlation coefficients of -0.076 and 0.023, respectively. Therefore, the larger the particle
size of Ab, the higher the cooking yield, water holding capacity, a * value and pH value
of chicken batters, while the smaller the L * value b * value and springiness. In a word,
the particle size of Ab powder should be considered in the production. If the cooking loss
and water holding capacity of chicken products are given priority, the large particle size
of Ab powder should be selected. If the color and texture characteristics are considered

as well, the small particle size of Ab powder should be selected.
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Figure 3.12 — The correlation coefficients between the particle size of Ab and each
index
3.3.5 Dynamic rheological properties

The storage modulus (G') and loss modulus (G") reflect important information of
muscle protein during the gelation process. The storage modulus (G') reflects the changes
in the elastic properties of the gelling network structure and the strength of gel matrix,
and the loss modulus (G") reflects the changes in the viscous elements [163].

The thermal gel process of myosin includes two processes: protein denaturation

and protein aggregation. When the protein is denatured, the conformation of myosin
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changes, and the denatured myosin cross-links to form a network structure in the
subsequent aggregation process [155]. Figure 3.13 shows that the G' values of all samples
decreased at the beginning, which might be due to the fat melting in chicken batters, while
the G' values of the three treatment groups were relatively flat compared with the control
group, which might be due to the partial replacement of fat in the treatment group.
Subsequently, the G' values of all samples first increased, then decreased to the lowest
values, and then increase rapidly. The G' values of the control group and the treatment
group began to rise at about 43 °C and 35 °C, respectively. At this point, the aggregation
of myosin head made the protein denatured, and the network structure began to form
slowly [154], which made the G' increase. G' reached its peak when the temperature was
between 46°C and 54°C, then G' began to decrease, reaching its peak valley at 62°C. The
reason for this might be that the uncoiling of the myosin tail led to an increase in the
fluidity of the protein, and destroyed the structure of the gel to a certain extent, thereby
reducing G' values [164]. Subsequently, new chemical bonds were formed, and the cross-
linking between proteins increased, making G' increase, which was consistent with the
change trend of the predecessors on the storage modulus (G') of meat emulsion[162].
Subsequently, as the temperature increased, the G' values of the samples containing Ab
were higher than those of the control group, the reason for this might be that the Ab
absorbed a large amount of water under the action of high temperature and formed a
compact network structure during the heating process, thus making G' increase. The D2
treatment group had the highest G' value, but there was no significant difference from D3.
Nevertheless, Wang et al. found that the storage modulus (G') and loss modulus (G") of
pork mince decreased with the decrease of soybean residue particle size, which was
inconsistent with the results of present study. This might be due to the premixing of Ab
granules with soybean oil in present study. The smaller particles of Ab can fully disperse
the soybean oil upon premixing, which reduced the accumulation of oil droplets to a
certain extent. The protein content used for emulsification reduced, and more protein was
used for coagulation and the formation of the gel, thereby the chicken gel had a better
network structure.

The increase in the viscosity of chicken batters was related to the water/fat binding
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capacity and the stability of the emulsion [25]. The final G" values of all treatment groups
were higher than that of the control (Figure 3-14), indicating that the combination of Ab
and soybean oil with different granularities improved the emulsion’s stability. The
change trend of loss modulus G" was similar to that of storage modulus G'. The value of
G " first increased between 33 °C and 36 °C, reached the peak between 50°C and 54°C,
then dropped to the bottom at 63 °C, and then increased rapidly and reached the maximum
at 80 ° C (Figure 3.14). Among them, the value of G" in the gel of D2 treatment group
was the highest, but there was no significant (P < 0.05) difference from that of D3. The
G" values of chicken batters were lower than G' value during the entire heating process
of gel formation, indicating that elasticity was more dominant than viscosity in chicken

batters system.
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Figure 3.13 — Effect of temperature on the storage modulus (G') of chicken batters with
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particle sizes of Ab
3.3.6 LF-NMR spin-spin relaxation (T2)

LF-NMR technology can illustrate the state of water in the gel system. The
continuous distribution of T2 values are presented in Figure 3.15, Figure 3.16, Figure
3.17, and Figure 3.18. T2 relaxation time and corresponding peak areas percentages of
water from chicken gel are shown in Table 3.6.

Water in the muscle structure can be classified into three types according to the
activity. The first type of water, T2b, tightly bounding to myofibrillar protein, has a
relaxation time of between 0 and 10ms. The immobilized water, T21, locating in the
myofibrillar protein matrix, has a relaxation time of between 10 and100ms. The free water,
T22, locating outside the myofibrils , is the most fluid water component in the meat and
has a relaxation time of 100 and 400 ms [168, 186]. The lower the proton mobility in the
gel, the faster the T2 relaxation time, and the more the T21 peak is to the left[167].

It can be seen from Table 3.6 that the incorporation of Ab and soybean oil caused
the T21 shifted toward faster relaxation times compared with the control group, and D1
had the fastest T21 (P < 0.05). This may be due to the fact that the active groups of dietary
fiber in Ab enhanced the interaction between proteins, and then promoted the self-binding
of proteins, forming a firm network, thus limiting the mobility of water protons [171]. In
addition, Ab filled in inter-gel and the hydrophilic groups of dietary fiber in Ab combined
more hydrogen proton and the hydration of gel network is faster [34]. Compared with the
control, the addition of Ab significantly increased the P2b of chicken gel (P < 0.05) and
accompanied by a remarkable decrease in PT22 (P < 0.05), which indicated that adding
of Ab and soybean oil promoted the tight bounding of water and protein, reduced the
proportion of free water, and improved water retention.

Among the treatments, D1 had the largest PT2b and the smallest PT21, while PT22
had no significant difference with D2 and D3, which might be attributed to the physical
retention of water by the porous surface of the dietary fiber in Ab mushroom. Meanwhile,
it indicated that the water in D1 flowed to the bound water direction, which significantly
(P < 0.05) increased the stability of water and made D1 had the largest water holding
capacity, which was consistent with the results of CY and WHC in present study. These
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results suggested that it was necessary to optimize the particle size of mushroom powder
for the gel system.
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Figure 3.15 — T2 relaxation time of chicken gel with different particle sizes of Ab
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Figure 3.18 — T22 relaxation time of chicken gel with different particle sizes of Ab

Table 3.6 — T2 relaxation times and corresponding peak areas percentages of water from

chicken gel with different particle sizes of Ab

Treatments Traits
T2b T21 T22 PT2b(%) PT21(%) PT22(%)
CK 2.01+0.04a | 21.54+2.15a | 231.01+13.62a | 0.63+0.21d | 95.25+1.34a | 4.12+1.87a
D1 0.03+0.01c | 18.74+2.53b | 200.92+13.42b | 3.83+0.24a | 92.70+1.42b | 3.46+0.31b
D2 0.57+£0.08b | 18.744+2.47b | 200.92+12.38b | 1.67+0.22b | 95.13+1.67a | 3.20+0.37b
D3 0.66+£0.10b | 18.744+3.01b | 200.92+12.98b | 1.21+£0.32¢ | 95.48+1.51a | 3.30+0.45b

Note: a-d Different letters in the same column indicate significant differences (P < 0.05).
3.3.7 Microstructure of cooked chicken batters

Figure 3.19 displays SEM graphs of chicken gels added without and with different
particle sizes of Ab and soybean oil. It can be seen from Figure 3.19 that the
microstructure of chicken gel network changed obviously with the decrease of the particle
sizes.

The SEM image reflected the microstructure of the chicken gel and can be used for
explaining the water holding capacity of the gel. Smooth gels could effectively bind water,
while coarse gels were fragile and had low water holding capacity[169].The control group
had rough surface and large, irregular cavity structure, whereas the treatments showed
uniform, compact, homogeneous and ordered network structure. The pore in the
microstructure of gel was water channe [154], it was easy for water to escape from the
protein network in macropores, resulting in the increase of water loss. Therefore, it can
be inferred that the cooking loss of all treatment groups should be less than that of the

control, which was consistent with the result of WHC in present experiment.
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Among the SEM images of D1, D2 and D3, DI showed a larger pore size and
rougher surface, the possible reason was that the Ab with larger particles had greater water
holding capacity and swelling characteristics than the small Ab. Most of the water in the
gel was captured by Ab powder by hydrogen bonding, then the mushroom powder swelled
and filled the gel network gap of chicken protein, creating big cavity. Nevertheless, Ab
with small particle size had less water holding, oil holding and swelling capacity. As filled
into the protein network structure, Ab with small particle size and soybean oil made the
gel network structure more uniform. Nevertheless, the SEM images of D2 and D3 did not
show a distinct difference, the possible reason was the absorbable and expanding Ab
powder just filled the gaps in the protein three-dimensional network structure, showing a

more uniform microstructure.

PO 2 I3

Figure 3.19 — Typical scanning electron micrographs (SEM) at 2,000x magnification of
chicken batters with different particle sizes of Ab.
3.4 The effect of Ab on the gel properties of chicken myofibrillar protein
3.4.1 Gel strength and WHC of MP gels

The gel strength indicates the aggregation ability of the protein. The stronger the
gel strength, the tighter the gel structure, and the more stable the gel formed. Higher WHC
means stronger protein binding capacity to water. Dense and uniform gel structures
typically possess high WHC and low cooking losses, resulting in improved meat product
yields. Therefore, gel strength and WHC are vital parameters for evaluating the gelation
property of MP composite gels [155]. As seen in Figure3.20, an increase in mushroom
powder levels enhanced gel strength and WHC. In particular, compared to those of the
CK, gel strength and WHC of the sample with 6% mushroom powder (T6) increased by
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100.1% and 37.6%, respectively, which could be attributed to the rich protein and dietary
fibre in mushrooms [139]. On the one hand, the incorporation of protein from mushrooms
increases the total protein content in the system, resulting in higher aggregation ability of
the protein and gel strength. On the other hand, the fibre from mushrooms possesses good
water-binding properties, thus improving the WHC of MP gels [142]. It has been reported
that adding insoluble sugarcane dietary fibre (SIDF) (0.5% to 2%) significantly increased
the gel strength and WHC of MP gels (P < 0.05) [154]. Another important reason for the
improvement in WHC of MP gels may be that fibres in mushrooms interact with proteins
during heating, forming dense network structures, retaining moisture in the thermal gels,

and consequently enhancing WHC [187].
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Figure 3.20 — Gel strength and WHC of MP gels with various levels of Ab mushroom.

Note: Different letters in the same column mean significant differences (P < 0.05). CK, T1, T2, T4, and

T6 represent treatments containing 0%, 1%, 2%, 4%, and 6% Ab mushrooms (w/w), respectively.
3.4.2. TPA of MP gels

The texture is a major factor in the acceptability and quality of food products[136].
As shown in Table 3.7, with the addition of Ab, the hardness gradually increased, while
the CK exhibited the minimum hardness (P < 0.05). These results agreed with our
previous discovery, wherein Ab powder increased the firmness of low-fat chicken batter
[188, 189], which might be related to the rich dietary fibre contained in Ab mushrooms
filling the gaps of the gel network matrix, thereby improving the gel strength. Thus, when
the amount of mushroom added increased, more dietary fibre packed into the gel structure,

making it denser and more compact, thus increasing the firmness. Moreover, Ab



96

significantly enhanced the springiness of the MP gels compared with CK (P < 0.05), and
the springiness increased with increasing concentrations of Ab (Table 3.7), which might
also be due to the rich dietary fibre contained in Ab mushrooms [139]. Many studies have
indicated that dietary fibre can improve the hardness and springiness of MP gels [155,
190-192]. The gumminess of the MP composite gel containing Ab mushroom showed the
same increasing trend with an increasing level of Ab (P < 0.05), which might be due to
the strong viscous characteristic of dietary fibre in Ab. The present results accord with the
previous finding [155] that regenerated cellulose fibres significantly strengthened the
gumminess of MP gels (P < 0.05). The cohesiveness of the MP gel was considerably
higher than that of the CK when the Ab level exceeded 1% (T1) (P < 0.05) (Table 3.7).
However, the cohesiveness decreased significantly (P < 0.05) above 4 % (T4). These
results demonstrate that the voids in the MP gel network can only accommodate a specific
amount of Ab. The excess Ab may interfere with protein aggregation and cross-linking,
making protein gels less cohesive, which may relate to the ash contained in the Ab. The
results of this study are consistent with our previous findings that a particular amount of
Ab as a fat replacer can indeed enhance the texture of the chicken batter[188]. Generally,
the rheological properties of MP determine the viscoelastic properties of their heat-
induced gels. Therefore, studies on dynamic rheology are of great significance to further
explore the effect of Ab on MP gelation.
Table 3-7 The textural properties of MP gels with various levels of Ab mushroom

Treatments Hardness(g) Springiness Cohesiveness Gumminess(g)
CK 61.59+4.22¢ 0.572+0.014¢ 0.660+0.011c 21.9443.43¢
T1 75.63+5.06d 0.741+0.035d 0.677+0.007bc 29.09+3.70d
T2 99.48+7.38c¢ 0.814+0.022¢ 0.691+0.028ab 43.12+6.40c
T4 147.53+12.34b 0.872+0.011b 0.740+0.023a 102.99+19.30b
T6 178.24+16.77a 0.934+0.041a 0.685+0.015b 214.91+28.57a

Note: Different letters in the same column mean significant differences (P < 0.05).CK, T1, T2, T4, and

T6 represent treatments containing 0%, 1%, 2%, 4%, and 6% Ab mushrooms (w/w), respectively.
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3.4.3. Dynamic rheological properties

The storage modulus (G') (Figure 3.21A) and loss modulus (G") (Figure 3.21B)
show the viscoelasticity of MP composite solutions with different levels of Ab powder.
G'" and G" reflect the continuous changes of MP interactions to some extent [193]. With
a temperature rise, the G' value of each sample showed a similar trend. It rose initially
and peaked at about 56°C, then decreased and hits bottom at about 61°C. It then again
rapidly increased and plateaued at 80°C (Figure 3-21A). Generally, at the initial stage of
temperature rise, the head of myosin binding to each other produced a weak gel network
structure, and G' increased [194]. The reduction in G' (56 °C-61 °C) was related to
network destruction and increased protein mobility induced by the unfolding of the
myosin tail [164]. Finally, the G' increased, suggesting that the cross-linking and
aggregation of proteins formed a stable and elastic gel with a more robust network
structure [169]. These results accord with the typical features of MP gelation [155]. The
G’ values of MP composite solutions with various amounts of Ab powder were higher
than that of the CK during heating. It can be inferred that Ab mushroom might enhance
the covalent crosslinking in MP. Thus, adding Ab mushroom to the MP can quickly
strengthen G' throughout the heating process (Figure 3-21A). This result may partly be
explained by the presence of insoluble components from the Ab mushrooms, such as
cellulose and lignin, which enter the voids of the protein matrix, resulting in a denser gel
structure. Furthermore, the protein and polysaccharides from Ab mushrooms can form a
net-like structure, strengthening the MP-Ab gel structure [139].

The G" values of MP containing different amounts of Ab mushrooms showed a
similar trend, compared with G' values (Figure 3-21B). The G" value represents the
viscosity properties of the gel network structure. The Ab-added MP hybrid solutions
exhibited higher G" values compared with the control during heating. Meanwhile, G"
increased with an increase in the level of Ab. It shows that the incorporation of Ab
enhances the viscosity of the gel system. It has been reported [155] that a higher viscosity
of the protein gel is related to its better water-binding capacity. The results of G" and
WHC in the present study are consistent. Therefore, Ab has good water retention capacity,

which benefits the viscosity of the MP gel.
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Figure 3.21 — The storage modulus G' (A) and loss modulus G" (B) of MP gels with
various levels of Ab mushroom.
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(w/w), respectively.

3.4.4 LF-NMR spin-spin relaxation (T2)

In the gel system, the existing state of water molecules can be estimated by T2
relaxation time, which can be measured by LF-NMR [195]. Therefore, in this study, the
existing state of water molecules in the MP-Ab gel system was checked by T2.

Figure 3.22 shows a representative distribution of NMR T2 measurements. As
shown in Figure 3.22, three separate peaks, T2b, T21, and T22, appeared, capturing 1-
3%, 87-94% and 4-11% of total water, respectively. The T2 are 2-4 ms, 75-100 ms, and
1072-1630 ms, respectively, with a total relaxation time from 0.01 to 10,000 ms. In
general, the first peak, T2b, represented bound water, which was bonded to MP by strong
H-bonds [167]. The second peak, T21, corresponded to immobilized water. This part of
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the water was tightly connected with the monolayer water molecules and trapped in the
MP matrix [167]. The third peak, T22, was attributed to free water, located outside MP,
which had maximum fluidity in three types of water [162]. Table 2 displays three T2 (T2b,
T21, and T22) and corresponding peak area fractions (PT2b, PT21, and PT22) of water
in MP gel. As shown in Table 3-8, the Ab-added MP composite gel exhibited a shorter
relaxation time than the control. T2b and T21 did not change with the addition of Ab
mushroom. At the same time, T22 decreased significantly (P < 0.05), indicating that the
incorporation of Ab increased the binding state of water and protein in MP gel and
reduced the degree of freedom of water. These results could be attributed to the active
groups of dietary fibre from Ab, which reinforced the interaction between proteins,
forming a firmer network. As a result, the mobility of water protons was restricted, and
the degree of freedom of water was weakened [181]. In addition, Ab filled the inter-gel
spaces, and the hydrophilic groups of dietary fibre from Ab bound more hydrogen protons,
resulting in a faster hydration process for the gel matrix [34]. P21 showed an upward
trend, while P22 showed a downward trend with the addition of Ab mushroom (Table 3.8),
which indicated that Ab could convert free water to immobilized water. This conversion
1s generally considered to result in an improvement in the WHC [154]. The results of P21

and P22 agree with the WHC values obtained in the present study.
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Figure 3.22 — The continuous distribution of T2 relaxation time of MP gels with various

levels of Ab mushroom.

Note: CK, T1, T2, T4, and T6 represent treatments containing 0%, 1%, 2%, 4%, and 6% Ab mushrooms


about:blank

100

(w/w), respectively.

Table 3.8 — T2 relaxation times and corresponding peak areas percentages of MP gels

with various levels of Ab mushroom

Tre'ctt T2b (ms) T21 (ms) T22 (ms) PT2b
ments (%)

PT21 (%) | PT22 (%)

CK 3.51+0.28a | 100+13.03a 1629.75+125.72a | 2.00+0.66a | 87.32+0.36d | 10.68+0.19a

T1 2.66+0.22a | 75.65+€12.14b | 1417.47+122.46b | 1.90+0.43a | 89.80+0.43c | 8.29+0.36b

T2 2.66+0.25a | 75.65€13.25b | 1417.47+120.58b | 2.07+0.15a | 90.66+0.45¢c | 7.27+0.15¢c

T4 2.66+0.31a | 75.65+£12.06b | 1232.85+60.61c 2.06+£0.37a | 91.80+033b | 6.14+0.24d

T6 2.66+0.28a | 75.65£12.34b | 1072.27+£95.59d 2.12+0.25a | 93.13+0.51a | 4.75+0.18e

Note: Different letters in the same column mean significant differences (P < 0.05).CK, T1, T2, T4, and

T6 represent treatments containing 0%, 1%, 2%, 4%, and 6% Ab mushrooms, respectively.
3.4.5 Microstructure of MP gels

The SEM graphs (Figure 3.23) indicated that the denaturation and aggregation of
MP produced a gel structure with an irregular appearance. The microstructure of MP gel
containing different Ab mushroom concentrations exhibited other pronounced
appearances. The micrograph of the CK demonstrated a rougher aspect, discontinuous,
disordered gel matrix, and large, irregular cavity structure. The incorporation of Ab
mushroom increased the density of MP gel structure, leading to a more uniform, compact,
homogeneous, and ordered gel microstructure than the CK. Moreover, the cavity appeared
thinner or even disappeared with an increase in Ab mushroom concentration (Figure 3.23).
It is reported that the WHC of meat products was related to the gel microstructure [193].
These results of the microstructures are consistent with the WHC results, demonstrating
that Ab mushroom promotes the improvement of MP gel structure. One possible
explanation for this is that the abundant cellulose in the Ab powder may have absorbed
water and swelled, thereby reducing the water channels through the filling effect, forming
a gel network structure by itself. These beneficial properties of Ab mushroom can make
the protein gel denser, which helps to retain moisture and increase the gel hardness.
However, when the content of Ab mushroom was 6%, a sheet structure appeared due to
its excessive density, which resulted in a decreased cohesiveness compared with the gel

containing 4% Ab powder. The reason for this may be that the addition of excessive Ab
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mushroom in the external phase could have been sufficient for it to self-aggregate, which

1s adverse for the gel structure [155].

Figure 3.23 — SEM images of MP gels with various levels of Ab mushroom.

Note: CK, T1, T2, T4, and T6 represent treatments containing 0%, 1%, 2%, 4%, and 6% Ab mushrooms
(w/w), respectively.
3.4.6 Protein secondary structure

To elucidate the mechanism of the effect of Ab mushroom on gelation, the protein
secondary structure was assessed using FTIR spectroscopy (Table 3.9). Compared with
the CK, the a-helix content of the Ab-added MP complex gel was significantly reduced
(P < 0.05). Nevertheless, the percentages of the B-sheets, B-turns, and random coil
significantly increased (P < 0.05). The previous study has shown that a decrease in a-
helix and an increase in 3-sheet is beneficial for protein gelation [155]. As previous report
[196, 197], the transformation between a-helix and B-sheet often occurs in the protein
secondary structure. a- helix is one of the most common protein secondary structures,
which is stabilized mainly by hydrogen bonds between -CO and NH- of a polypeptide
chain. Therefore, it can be inferred from the present findings that the reason for the
increase of the B-sheet structure may be that the Ab mushroom breaks the hydrogen bond
of the a-helix after entering the MP gel structure, promoting the unfolding of the a-helix.
These results agree with the previous report that the WHC and G' values of MP gels were
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significantly improved with the conversion of a-helices to B-sheets and B-turns [155].
Therefore, the above results indicate that the incorporation of Ab could alter the secondary
structure of chicken MP to enhance the WHC and viscoelasticity of Ab-MP gels.

Table 3.9 — The secondary structure fractions of MP gels with various levels of Ab

mushroom
Treatments a-Helix B-Sheet B-Turn Random coil
CK 34.2542.34a 31.51+2.05d 23.20+0.19d 11.04+0.08d
T1 30.22+1.34b 34.85+1.23¢ 23.63+0.22¢ 11.30+0.06¢
T2 26.97+2.15bc 36.85+1.61bc 24.68+0.35bc 11.50+0.16bc
T4 23.01+1.16¢ 39.25+1.02b 25.95+0.18b 11.79+0.14b
T6 20.25+1.35d 41.17+0.87a 26.59+0.24a 11.99+0.09a

Note: Different letters in the same column mean significant differences (P < 0.05). CK, T1, T2, T4, and

T6 represent treatments containing 0%, 1%, 2%, 4%, and 6% Ab mushrooms, respectively.

CONCLUSION OF SECTION 3

1. The pH, emulsion stability, texture, color and microstructure of chicken batters
(containing 20% pork back fat) were systematically studied by using Ab powder to
replace 2, 4, 6, 8, 10, 20, 30, 40, and 50% pork back fat respectively. The results showed
that the pH value and cooking yield of chicken batters improved significantly when the
fat replacement percentage was greater than 2%. The hardness, springiness, cohesiveness,
and chewiness of chicken batters increased significantly when the fat replacement
percentage was 20%- 50%, 8%-20%, 6%-8%, and 20%-50%, respectively. Taken together,
when Ab powder replaced 20% of the fat, the texture properties of the chicken batters
were significantly improved, and the microstructure was more compact and uniform.
However, the replacement of fat with Ab significantly changed the color of chicken
batters, resulting in a significant decrease in the L* and whiteness value and a significant
increase in a* and b* value of the chicken batters.

2. The gel properties, rheological properties, water distribution and microstructure
changes of chicken batters (including 20% pork back fat) were systematically studied
when Ab was used alone to replace 20% fat, Ab was mixed with water or soybean oil in
1:2 to replace 60% pork back fat. The result showed that the addition of Ab powder or the
combination of Ab powder and soybean oil or water transforms part of free water into

immobilized water and significantly (P < 0.05) improves CY, WHC, texture, and
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rheological properties of the chicken batter. However, the color of the chicken batter
changed significantly (P < 0.05). Particularly, the chicken batter with Ab powder and
soybean oil showed a higher CY, WHC and texture parameters, a more uniform and dense
microstructure, and a relatively minor color change. Therefore, the results suggested that
a combination of Ab powder and soybean oil could be utilized to replace 60% pork back
fat for the production of reduced-fat and healthy chicken products.

3. The changes of cooking yield, water holding capacity, pH, color, rheology, water
distribution and microstructure of chicken batters (including 20% pork back fat) were
systematically studied when Ab powder with different particle sizes and soybean oil were
mixed in 1:2 instead of 60% pork back fat. The results showed that the bigger particle
sizes of Ab increased the cooking yield, water holding capacity, and pH value of chicken
batters. With the reduction of particle sizes of Ab powder, the L* values, whiteness, and
b* values of chicken batters increased significantly (P <0.05). The decrease of the particle
size of Ab could improve the springiness. The particle size of Ab was highly correlated
with the cooking yield, water holding capacity, L*, a*, b*value and pH value of chicken
batters. It had a moderate correlation with springiness. The combination of large particle
sizes of mushroom powder and soybean oil increased the water holding capacity of gel
by converting the free water to the bound water in the chicken batters system. The
combination of small particle sizes mushroom powder and soybean oil improved the
viscoelasticity of the chicken batters and made the microstructure more compact and
uniform.

4. The effects of Ab powder on gel strength, water holding capacity (WHC), texture,
rheological behaviour, LF-NMR spin—spin relaxation (T2), microstructure and protein
secondary structure of the MP gel system were systematically studied. The results
indicated that the gel strength, WHC, G’ value and G" value were significantly improved
when the addition of Ab powder increased from 0% to 6% (P < 0.05). Meanwhile, the T2
relaxation time shortened, and free water transformed into immobilised water. The texture
of the gel improved when 1%-4% Ab powder was added compared to the control.
Furthermore, Ab filled in the gel network and promoted the unfolding of MP a-helix and
the formation of MP b-sheet during the thermal denaturation of MP, leading to a dense



104

aggregated network structure. These results suggest that Ab mushroom powder can

enhance the gel properties of chicken myofibrillar proteins.
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SECTION 4 THE RESEARCH OF THE RECIPE COMPOSITION, QUALITY

PROPERTIES, AND TECHNOLOGICAL SCHEMES OF THE SAUSAGES
4.1 Optimization of the recipe composition of the sausage
4.1.1 Optimization of starch addition in sausage

Figure 4.1 shows the effect of different amounts of potato starch on the taste, color,
flavor, texture and general acceptability of chicken sausage. It can be seen that the
addition of potato starch had the greatest impact on the general acceptability, texture and
taste of sausage, followed by flavor and color. Among them, the sausage containing 5%
potato starch scored higher than the other groups in general acceptability, taste, color and
flavor, and its texture score also reached an acceptable level of 5.8. Therefore, the optimal

addition amount of potato starch was 5%.

Color —u— 2% of potato starch
8 —o— 3% of potato starch
—— 4% of potato starch
—v— 5% of potato starch

8 6% of potato starch

Flavor .~ "

Texture General acceplability

Figure 4.1 — Effects of potato starch addition on sensory scores of chicken sausages
4.1.2 Optimization of chicken essence addition in sausage

Figure 4.2 shows the effect of different chicken essence additions on the taste, color,
flavor, texture and general acceptability of chicken sausage. It can be seen that after
adding chicken essence, the five sensory properties of chicken sausage were all improved.
Among them, the addition of 0.1% chicken essence scored the highest in terms of general
acceptability, taste, color, flavor and texture, and its flavor, texture and general
acceptability all reached more than 6 points, reaching the level of liking. Its color and

taste were both above 5 points, which were acceptable, so the optimal addition amount of
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chicken powder was 0.1%.

—#— (% ol chicken essence

—&—().1% of chicken essence
) ——0.2% of chicken cssence
ol N : ~+—0.3% of chicken essence
: : 0.4% of chicken essence

. Taste

Texture General acceptability

Figure 4.2 — Effects of chicken essence addition on sensory scores of chicken sausages
4.1.3 Optimization of refined salt addition in sausage

Figures 4.3 shows the effect of different refined salt additions on the taste, color,
flavor, texture, and general acceptability of chicken sausages. It can be seen that changes
in the amount of salt added had a greater impact on the texture, flavor and general
acceptability of the sausage. The sausages with 1.4% salt had the highest scores for taste,
color, flavor, texture, and general acceptability. Its flavor, texture and general
acceptability all achieved more than 7 points, reaching the level of liking. The color and
smell were both 5.6 points, which were close to the level of liking. Therefore, the optimal

amount of refined salt added was 1.4%.

—=— 1.0% of salt

) 8 —— 1.2% of salt
- —4— 1.4% of salt
6 1.6% of salt
1.8% of salt

Flavor .~ . Taste

Texture General acceptability

Figure 4.3 — Effects of refined salt addition on sensory scores of chicken sausages

4.1.4 Optimization of Ab and soybean oil addition in sausage
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Figure 4.4 shows the sensory scores of chicken sausages with different Ab and
soybean oil addition. It can be seen from the figure 4.4 that the incorporation of Ab
and soybean oil increased consumers' preference for the flavor, texture, taste and
general acceptability. However, the three groups of chicken sausages containing Ab
and soybean oil all scored higher than 5 points in the color item, indicating that
consumers could accept the change in the color of the sausage caused by the addition
of Ab and soybean oil. Among them, the flavor, texture and general acceptability of
the T60 group all reached more than 7 points, which were favored by consumers, and
the taste and color of T60 were also 5.6 points, indicating that consumers were
acceptable. Taken together, the T60 group scored higher, and consumers were more
willing to accept the low-fat chicken sausages that replace 60% of the fat with Ab and

soybean oil.

Color
7.5, ——CK

—e—T30
—4+—T60

T90

10k

- “%Taste

Texture General acceptability

Figure 4.4 — Sensory score of the chicken sausages with different Ab and soybean oil
addition
4.2 The research of the quality properties of the sausage
4.2.1 Properties of Ab powder and chemical composition of the chicken sausage

It can be seen from Table 4.1 and Table 4.2 that the ash and protein content in the

Ab powder was 10.15% and 22.14% respectively, while the fat content was only 2.53%
and the carbohydrate content was as high as 58.22%. As expected, the content of fat in
the sausage decreased significantly, and the ash and carbohydrate content increased

significantly with increasing fat replacement (P < 0.05), the reason for this should be that
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Ab powder was rich in ash and carbohydrates and low in fat (Table 4.1). However, the
protein content of the T90 groups decreased significantly compared with the CK group
(Table 4.2). This may be due to the fact that two thirds of the Ab premix is soybean oil,
which contained no protein, while pork back fat contains a certain amount of protein.
Compared with the control group, there was no significant change in protein content of
T30 and T60 due to the small amount of fat replacement. In this study, there was no
significant difference in the moisture content of all the treatments, the reason for this may
be that there was no significant difference in the cooking yield among the four treatments
(Figure 4.1). The carbohydrate content of T60 and T90 was significantly higher than that
of CK and T30 (P < 0.05), and the carbohydrate content increased significantly with the
increase of fat replacement. The reason for this should be that Ab powder were rich in
carbohydrates (Table 4.1). Replacing the fat with Ab and soybean oil significantly
reduced the energy value of the sausage, but there was no significant difference between
the energy values of T30, T60 and T90.
Table 4.1 — The properties of Ab powder

Moisture/% Ash/% Protein/% Fat/% Carbohydrate/%
6.9640.11 10.1540.34 22.1440.53 2.5340.05 58.2240.73

L* a* b* PH
51.2640.49 1.9140.09 14.740.13 6.5340.05

Essential aminal acid ( g/100g total aminal acid)

Val Met lle Leu Phe
1.1940.10 0.2740.01 1.0240.03 1.4440.09 0.9740.02

His Lys Thr Arg
0.4140.01 1.2140.10 1.0340.08 0.9840.02

Non-essential aminal acid ( g/100g total aminal acid)

ASP Glu Ser Gly Pro
1.8940.11 5.0240.24 0.8340.02 1.1140.08 1.0140.05

Ala Cyst Tyr
1.7940.02 0.0640.01 0.7740.02
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Table 4.2 — Proximate composition of the chicken sausage with Ab powder and soybean

oil

Items CK T30 T60 T90
Moisture (g/100g) 61.06+1.32a 64.5842.22a 61.85+1.18a 62.71+1.25a
Ash (g/100g) 0.7340.07c 0.7640.05¢ 1.5440.01b 1.9240.06a
Protein (g/100g) 15.38+1.40a 14.3640.99a 12.51+1.48ab 11.940.94b
Fat (g/100g) 18.5640.31a 16.7440.24b 14.840.34c 12.940.21d
Carbohydrate (g/100g) 4.2740.37c 3.5640.35¢ 9.3040.34b 10.5740.35a
Energy (kcal/100 g) 245.6449.87a | 222.3447.52b 220.44410.34b 205.9847.05b

Note: Different lowercase letters mean significant differences in the same line (p < 0.05).
4.2.2 Amino acids profile
As can be seen from Table 4.3 that the contents of the essential amino acids and

EAA/NEAA of the T30 sample were significantly increased (P < 0.05) and the content of

non-essential amino acids in the T90 sample was significantly increased compared to the
CK. Many studies have reported the improvement of the protein composition in meat
products by adding non-meat protein ingredients, such as seaweed, pulses, chlorella and
spirulina [198, 199]. In the present case, the addition of Ab powder and soybean oil did
not significantly change the amino acid profile, except for T30, and the ratio between
essential and non-essential amino acids remained at 0.98-1.06. The main amino acids in
sausage were leucine (1.10-1.32 g/100 g), lysine (1.18-1.37 g/100 g), aspartic acid (1.23—
1.38 g/100 g), gluten (2.13-2.35g/100g) and arginine (1.02-1.04g/100g). These amino
acids were also important amino acids in Ab [18], such as glutamic acid and aspartic acid,
which were closely related to umami taste [200]. However, the addition of Ab and
soybean oil did not change the amino acid profile. Lysine, leucine and arginine were the
main essential amino acids in the chicken sausage. Ceron Guevara et al. [201] found that
the addition of Ab and Pleurotus ostreatus flour as substitutions of salt and fat in
frankfurter sausage had no significant effect on the amino acid content of sausage, which
was consistent with the results of present study.

Table 4.3 — The amino acids of the chicken sausage with Ab powder and soybean oil

Amino acids | CK | T30 | T60 | T90
Essential
Val 0.7740.01b 0.8340.02a 0.8240.01a 0.8140.01a
Met 0.3440.01c 0.4340.02a 0.3840.02b 0.4140.02ab
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lle 0.6940.02c 0.8440.03a 0.7740.01b 0.7540.01b
Leu 1.1040.05a 1.3240.21a 1.2140.10a 1.1940.08a
Phe 0.6140.02c 0.7240.02a 0.660.01b 0.6540.01b
His 0.3440.01a 0.3540.02a 0.34#40.01a 0.35#0.02a
Lys 1.1840.08b 1.3740.09a 1.2640.07ab 1.3240.08ab
The 0.6940.02b 0.7740.01a 0.73#0.01a 0.7440.02a
Arg 1.0440.08a 1.0240.05a 1.0240.04a 1.0340.03a
Non-essential
ASP 1.2340.06b 1.3840.03a 1.3440.05ab 1.3840.04a
Glu 2.1340.15a 2.2940.05a 2.3340).06a 2.3540.07a
Ser 0.4140.01c 0.4940.01a 0.4540.02b 0.540.01a
Gly 0.7140.01d 0.8240.01b 0.7640.02¢c 0.95#0.01a
Pro 0.55+0.01d 0.6440.01b 0.5940.01c 0.6940.01a
Ala 0.840.02c 0.9140.01a 0.8540.02b 0.940.03ab
Cyst 0.140.01b 0.13#40.01a 0.11+40.01ab 0.11+40.01ab
Tyr 0.5140.02ab 0.53#40.01a 0.4940.02b 0.5240.02ab
Total 13.1940.59b 14.8540.61a 14.1240.49ab 14.6340.48ab
YEAA 6.7630.30b 7.65140.47a 7.1940.28ab 7.2540.28ab
YNEAA 6.4440.29b 7.1940.14ab 6.9240.21b 7.4040.20a
EAA/NEAA 1.0540.02b 1.0640.01a 1.0440.02ab 0.9840.02b

Note: Different lowercase letters mean significant differences in the same line (p < 0.05).

4.2.3 Fatty acid profile of chicken sausage

Table 4.4 shows the fatty acid content of the chicken sausage with Ab powder. The

SFA decreased from 36.48 g/100 g in the control group to 31.64 g/100 g in the T30 group,
26.76 g/100 g in the T60 group, and 19.92g/100 g in the T90 group (P < 0.05). In fact,
except for C20:0 and C22:0, the contents of other fatty acids gradually decreased with the
replacement of pork back fat.

Similarly, the content of MUFA decreased (P < 0.05), from 48.91 g/100 g in the
control group to 43.3, 37.09 and 28.14 g/100 g in T30, T60 and T90, respectively. This
decrease is directly related to the low content of C16:1, C17:1, C20:1 and C18:1n9c¢ in
the samples containing Ab and soybean oil. In this case, MUFA (except C22:1n9 and
C24:1) decreased with the increase of the proportion of Ab and soybean oil, especially
the content of C18:1n9c decreased from 45.51g/100g of control samples to 39.81, 34.63,
and 26.71 g/100g of T30, T60, and T90, respectively.

Contrary to SFA and MUFA, the total content of PUFA increased significantly with
the addition of Ab and soybean oil (P < 0.05). In this regard, both C18:2n6 and C18:3n3
were significantly increased, although the contents of C18:3n6, C20:2 and C20:3n3
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decreased with the addition of Ab and soybean oil. It is particularly worth mentioning that
the content of C18:2n-6 in the samples containing Ab and soybean oil (22.35, 32.81, and
47.03 g/100 g for T30, T60, and T90, respectively) was multiplied compared to the CK
(13.00 g/100 g), contributing a large share to the increase in the total PUFA content.
Table 4.4 — The fatty acid of the chicken sausage with Ab powder and soybean oil

Fatty acid CK T30 T60 T90
C14.0 1.10+0.23a 0.9240.14a 0.6140.12b 0.2610.21c
C15:.0 0.05+0.00a 0.0540.00a - -
C16:0 23.7+2.45a 20.814.91a 17.73+1.02b 13.5441.23c
C17:.0 0.27+0.02a 0.2440.01a 0.1940.01b
C18:.0 10.91+2.34a 9.43+1.96ab 7.52+1.55ab 5.17#+1.02b
C20:0 - - 0.4440.01b 0.58#40.02a
C22:0 0.1+0.02d 0.1940.02c 0.2740.04b 0.3740.03a
> SFA 36.13+2.39a 31.6442.08b 26.7632.34c 19.92+42.06d
Cl6:1 2.24+0.54a 1.9340.21a 1.2940.11b 0.5940.35¢
Cl7:1 0.29+0.01a 0.2640.02a 0.1740.04b 0.0940.00c
C20:1 0.98+0.07a 0.85#0).16a 0.5940.09b 0.3640.05¢

C18:1n9t - - - -

C18:1n9c 45.514+3.15a 39.81+2.01b 34.6342.16¢ 26.7143.04d

C22:1n9 0.324+0.03a 0.3540.02a 0.3140.04a 0.34).01a
C24:1 0.1+0a 0.140.00a 0.0940.01a 0.0940.01a

>MUFA 49.41+3.12a 43.3+2.45b 37.09%2.46¢ 28.1442.37d

C18:2n6 13.00£1.04d 22.3542.36¢ 32.81+2.41b 47.03x2.17a

C18:3n6 0.27+0.08a 0.3840.04a - -

C18:3n3 0.6+0.04d 1.8240.11c 3.054).63b 4.78+1.04a
C20:2 0.53+0.08a 0.4540.07a 0.2940.02b 0.1340.01c

C20:3n3 0.06+0.01a 0.0640.00a - -
> PUFA 14.47+£2.31d 25.0643.05¢ 36.1543.14b 51.9443.48a
PUFA/SFA 0.4+0.02d 0.7940.07c 1.3540.09b 2.61+1.01a
PUFA/MUFA 0.29+0.02d 0.58#0.11c 0.9740.14b 1.8540.19a
MUFA/SFA 1.37+0.03a 1.3740.09a 1.3940.08a 1.4140.14a
(MUFA+PUFA)/SFA 1.77+0.09d 2.16x0.11c 2.7440.24b 4.024).85a

Note: All values are the mean =+ standard error; Saturated fatty acids (SFA); Polyunsaturated fatty acids
(PUFA); Monounsaturated fatty acids (MUFA). Different lowercase letters mean significant differences
in the same line (P < 0.05).

424 CY
As can be seen from Figure 4.5 that the cooking yield of chicken sausage with Ab

mushrooms and soybean oil as a substitute for fat has no significant difference (P < 0.05)

compared with the control and was close to 100%. One reason might be that soybean oil
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had a good emulsifying ability. Many studies have confirmed that replacing fat with
vegetable oil could improve cooking yield. In addition, Ab powder is rich in dietary fibre,
which can absorb water and oil and reduce the cooking loss of meat products. Dietary
fibre has been proved a good fat substitute. In addition, Ab mushrooms contained up to
22.14% protein (Table 4-1), which can also improve the emulsifying effect of meat.
Therefore, the cooking yield of sausage with Ab mushrooms and soybean oil as fat

substitute did not decrease.
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Figure 4.5 — Cooking yield of the chicken sausage.
Note: CK, T30, T60 and T90 represent 0 %, 30 %, 60 % and 90 % fat replacement in sausage,

respectively. ns indicates no significant differences between the treatments (P > 0.05).

4.2.5 Microstructure

The microstructures of chicken sausage with Ab and soybean oil as fat substitute
are presented in Figure 4.6. It can be seen from Figure 4.6 that the microstructure of the
chicken sausage gel had changed significantly with the addition of Ab and soybean oil.
The CK presented a granular rough appearance. However, the microstructures of T30,
T60, and T90 showed fewer cavities and were more uniform and denser than the CK.
Moreover, the greater the amount of Ab and soybean oil incorporated, the fewer cavities
and denser appearance appeared. There may be many reasons for this result. First, the
dietary fibre in Ab had a large molecular structure, which formed more bridges between
adjacent macromolecules and promoted the formation of a protein gel network. Secondly,

the insoluble substances in Ab powder filled the three-dimensional network structure
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formed by myofibrillar protein. Thirdly, Ab and soybean oil were pre-mixed, and the
soybean oil was absorbed by the small Ab particles, making it evenly dispersed in the Ab
particles, which was equivalent to the pre-emulsification of soybean oil. In this way, the
soybean oil would be better dispersed with the Ab powder during the process of meat
batters production, reducing the formation of large oil droplets, promoting oil droplets to
be wrapped with more myofibrillar protein, facilitating the formation of a more consistent

gel. Thereby the texture characteristics of the sausage were correspondingly improved.

Figure 4.6 — Microstructure of the chicken sausage with Ab powder and soybean oil
4.2.6 Color
The L*, a*, and b* value of the chicken sausage are shown in Table 4.5, Table 4.6,
and Table 4.7. L* value represents brightness. During the storage period, the L* value of
all samples showed a downward trend in general, and in the same storage period, the L*

value decreased significantly with the increase of the fat replacement amount (P < 0.05),

which indicated that Ab and soybean oil significantly affected the brightness of chicken
sausage. The L* value of the control group began to decrease after 20 days of storage,
while the L* value of the T30, T60 and T90 groups began to decrease after the 15th day
of storage, which may be due to the color change caused by the instability of pigment
substances in Ab mushroom.

a* value represents the degree of redness, and the larger the a* value, the more
vivid red the product is. It can be seen from Table 4.6 that the incorporation of Ab powder

and soybean oil significantly increased a* value of sausage (P < 0.05). The redness values

of chicken sausage increased significantly with the increase of the content of Ab powder

and soybean oil (P < 0.05), which may be due to the higher a* value of Ab powder than
the CK (Table 5.1). During the storage period, a* values of the control group gradually
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decreased. On the contrary, a* values of the T30, T60 and T90 groups increased gradually,
the possible reason was that the pigment from the Ab mushroom gradually decomposed,
resulting in a product with a high a* value. The mechanism of Ab color change needs
further study.

b* value represents the yellowness. The b* value of the CK was relatively stable
during the storage period and increased after 25 days of storage. The b* values of T30,
T60 and T90 were higher than the control in the first five days of storage and decreased
during the storage period. On the 10th day of storage, b* value was lower than that of the
control. It is worth noting that the contents of Ab and soybean oil in the sausage were
higher, the lower the b* value, the faster the b* value decreases. The reason may be that
the pigment in Ab was unstable and decomposed during storage, producing substances
with lower yellowness.

In conclusion, the color of the sausage changed during storage. Its brightness
decreased. The redness of the CK decreased and the yellowness value increased. The
addition of Ab and soybean oil increased the redness and decreased the yellowness of
sausage. The reason may be that the colored substances produced by browning of Ab
mushroom during the drying process were unstable, and decomposed into substances with
high redness and low yellowness.

Table 4.5 —L* value of the chicken sausage with Ab powder and soybean oil

L*
Day/d CK T30 T60 T90

1 86.78=0.06a,A 75.52+0.23b,A 68.42+0 39¢.A 64.20+0.15d,A
5 86.60+0.16a,A 75.12037b.A 68.98+0.18¢.A 64.54-0.37d A
10 86.47+0.1a.A 74.79+0.10b.A 68.64=0.08C.A 64.06=0.16d A
15 86.45+0.36a,A 74.07+0.03b,B 67.47+0.10c.B 62.49+0.18d,B
20 85.71+0.252,B 73.10£0.44b,C 67.05+0.08¢.C 62.32+022d.BC
25 85.32+0.26a,B 72.09+0.32b,D 65.72=0.02¢,D 62.200.46d.C
30 84.06+0.05a,C 72.33+0.15b,D 65.500.45¢,D 60.38=0.05d,D
35 81.12+0.19a,D 69.83+0.30b.E 63.5120.21c.F 58.39+0.26d.E

Note: Different lowercase letters mean significant differences in the same line (P < 0.05). Different

capital letters mean significant differences in the same column (P < 0.05).
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Day/d a*
CK T30 T60 T90

1 0.43+0.01d,A 1.24+0.02¢,F 2.4+0.02b,G 2.65+0.03a,E
5 0.37+0.06d,AB 1.23+0.04¢,E 2.38+0.02b,G 2.87+0.07a,D
10 0.33+0.01d,B 1.25+0.01c,E 2.48+0.08b,F 2.974+0.03a,D
15 0.27+0.02d,B 1.37+0.03¢,D 2.61+0.08b,E 3.44+0.08a,C
20 0.14+0.02d,C 1.43+0.01¢,C 2.74+0.01b,D 3.50+0.01a,C
25 0.11+£0.01d,C 1.47+0.03¢,C 2.86+0.03b,C 3.58+0.04a,B
30 0.12+0.02d,C 1.92+0.03¢,B 3.10+0.03b,B 3.65+0.03a,B
35 0.08+0.01d,D 2.23+0.02¢,A 3.41+£0.06b,A 4.2340.02a,A

Note: Different lowercase letters mean significant differences in the same line (P < 0.05). Different

capital letters mean significant differences in the same column (P < 0.05).

Table 4.7 —b* value of the chicken sausage with Ab powder and soybean oil

Day/d b*
CK T30 T60 T90
1 14.25+0.15d,B 17.47£0.09a,A 16.82+0.08b,A 16.29+0.02¢,A
5 14.62+0.45b,B 15.78+0.14a,B 15.52+0.16a,B 15.54+0.09a,B
10 14.93+0.13a,B 14.69+0.02b,C 14.44£0.15¢,C 14.25+0.02d,C
15 14.94+0.09a,B 14.63+0.04b,C 13.75+0.15b,D 14.07+0.09¢,D
20 14.53+0.45a,B 14.72+0.23a,C 13.77+0.02b,D 13.53+0.10c¢,E
25 15.36+0.13a,A 14.75+0.04b,C 13.73+0.02b,D 13.57+0.05¢,E
30 15.35+0.08a,A 13.94+0.04b,D 13.69+0.07¢,D 13.57+0.08c,E
35 15.78+0.38a,A 13.86+0.10b,D 13.51£0.15¢,D 13.61£0.04¢,E

Note: Different lowercase letters mean significant differences in the same line (P < 0.05). Different
capital letters mean significant differences in the same column (P < 0.05).
4.2.7 TPA
Table 4.8 showed the effect of adding Ab powder and soybean oil on the firmness,
springiness, cohesiveness and chewiness of chicken sausages. It can be seen from Table
4.8 that the hardness of the sausage increased significantly when adding Ab powder and

soybean oil to replace the back fat (P <0.05), and the more the amount of addition, the

higher the hardness. During the storage period, although the hardness value of the CK
fluctuated, it still showed a general increase and reached the maximum at 35 days of
storage. The hardness of the T30 and T60 group gradually increased and reached a
maximum at 35th and 10th day of storage respectively. The values of the T90 group
reached the maximum on the 20th day of storage, and then remained stable.

It can be seen from Table 4.9 that the addition of Ab powder and soybean oil
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replaced fat had no significant effect on the springiness of chicken sausage. During
storage, the springiness of the control group did not change significantly, the springiness
of the T30 group decreased slightly after 35 days of storage, and the springiness of the
T60 and T90 groups fluctuated during the storage period and decreased after the 35th day
of storage. When stored for 35 days, there was no significant difference in springiness
among the four groups of samples.

It can be seen from Table 4.10 that the addition of Ab powder and soybean oil had
no significant effect on the cohesiveness of chicken sausage except for T90 group. During
storage, the cohesiveness of the control group first decreased and then increased, the
cohesiveness of the T30 and T60 groups remained unchanged, while the cohesiveness of
the T90 group gradually increased. At the beginning of storage, there was little difference
in cohesiveness among the groups. Nevertheless, the cohesiveness of the control group
was significantly higher than that of T30, T60 and T90 after 25 days of storage. The
changes in cohesiveness showed that an appropriate amount of fat replacement was
helpful to maintain the cohesiveness of chicken sausage.

As can be seen from Table 4.11, the chewiness of the T30 group was not
significantly different from that of the CK. Although there was no significant difference
in the chewiness of the T60 and T90 groups, they were both significantly higher than the
CK (P <0.05). The chewiness of the CK did not change significantly during the first 20

days of storage, while the chewiness of the T60 and T90 groups fluctuated to a certain
extent during the storage period, reaching the maximum on the 10th and 20th day of
storage respectively. Overall, the addition of Ab powder and soybean oil significantly
increased the chewiness of the chicken sausage, and the chewiness of sausage increased
with the increase of the amount of Ab powder.

Table 4.8 — The hardness of the chicken sausage with Ab powder and soybean oil

Day/d Hardness/g

CK T30 T60 T90

4332.38+190.69b,CD | 4414.24+£296.9b,C | 5810.04+£593.49a,E 6301.8+329.22a,E

5 4439.57+356.25¢,BC | 4612.44+262.46¢,C | 5978.36+54.74b,DE 6845.19+185.91a,D

10 4302.39+19.6¢c,CD | 5397.42+119.71b,B | 7360.61+94.12a,A | 7240.68+232.04a,BCD

15 | 4289.58+120.75b,CD | 4479.36+271.15b,C | 6753.28490.01a,BC | 6989.81+212.24a,CD




117

20 4694.87+12.16¢c,B | 5074.61+412.61c,B | 6175.26+77.56b,DE 7879.9+469.98a,A
25 4042.96+59.05¢,DE | 5070.86+220.84b,B | 6414.66+27.8a,BCD 6346.66+175.42a,E
30 3848.07+203d,E 5153.51+108.92¢,B | 6310.01£252.04b,CD | 7611.23+43.41a,AB
35 5167.46+192.17d,A | 6036.76+202.86¢c,A | 6823.61+£340.14b,B | 7458.83+207.57a,ABC

Note: Different lowercase letters mean significant differences in the same line (p < 0.05). Different
capital letters mean significant differences in the same column (p < 0.05).
Table 4.9 — The springiness of the chicken sausage with Ab powder and soybean oil

Day/d Springiness
CK T30 T60 T90
0.931+0.003a,A 0.931+0.003a,A 0.942+0.012a,AB 0.932+0.006a,AB
5 0.927+0.005ab,A | 0.928+0.005ab,A 0.948+0.013a,A 0.923+0.015b,ABC
10 0.926+0.021a,A 0.933+0.004a,A 0.922+0.001a,CD 0.937+0.004a,A
15 0.925+0.007ab,A 0.933+0.005a,A 0.915+0.005¢,D 0.918+0.003bc,C
20 0.921+0.010b,A 0.934+0.003a,A 0.918+0.002b,D 0.921+0.002b,BC
25 0.922+0.004b,A 0.931+0.005a,A 0.934+0.004a,BC 0.914+0.003¢,C
30 0.93+0.002b,A 0.927+0.003bc,A | 0.9354+0.003a,ABC 0.924+0.003¢c,ABC
35 0.921+0.002a,A 0.915+0.006a,B 0.914+0.006a,D 0.915+0.012a,C

Note: Different lowercase letters mean significant differences in the same line (p < 0.05). Different
capital letters mean significant differences in the same column (p < 0.05).
Table 4.10 — The cohesiveness of the chicken sausage with Ab powder and soybean oil

Day/d Cohesiveness
CK T30 T60 T90

0.761+£0.004a,AB 0.720+0.024ab,A 0.739+0.018a,A 0.697+0.016b,CD
5 0.733+0.01a,C 0.729+0.012a,AB 0.733+£0.013a,A 0.698+0.003b,CD

10 0.734+0.003a,C 0.704+0.003¢,C 0.717+£0.006b,A 0.704+0.005¢,BC
15 0.735+0.011a,C 0.733+0.005a,AB 0.72+0.001b,A 0.708+0.003¢,BC

20 0.712+0.006¢,D 0.748+0.005a,A 0.726+0.005b,A 0.692+0.005d,D

25 0.772+0.009a,A 0.74+0.003b,A 0.726+0.015bc,A 0.722+0.003¢c,A
30 0.76+0.008a,AB 0.739+0.009ab,A 0.729+0.019b,A 0.698+0.002¢,CD
35 0.752+0.002a,B 0.715+0.004b,BC 0.724+0.012b,A 0.713+0.002b,AB

Note: Different lowercase letters mean significant differences in the same line (p < 0.05). Different
capital letters mean significant differences in the same column (p < 0.05).
Table 4.11 — The chewiness of the chicken sausage with Ab powder and soybean oil

Day/d Chewiness/g
CK T30 T60 T90
1 3048.55+100.41b,B | 3030.04+80.84b,C | 3896.93+152.17a,E 4074.98+72.42a,D
5 3018.52+242.78¢,B | 3037.79+£103.09¢,C | 3978.34+109.29b,DE | 4374.35+77.56a,C
10 | 2904.51+69.93¢,BC | 3680.23+175.05b,B | 4843.97+67.42a,A 4680.65+71.5a,B
15 | 2887.58+45.69¢,BC | 3019.75+233.29¢,C | 4230.46+132.55b,BC | 4767.4+103.84a,B
20 3044.03+60.86d,B | 3497.78+285.16¢,B | 4153.87+59.68b,CD | 5041.49+298.61a,A
25 2767.35+46.15¢,C | 3622.5+112.44b,B | 4258.21+12.53a,BC | 4248.72+93.83a,CD
30 2733.9+178.64d,C 3476.99+6.79¢,B 3890.39+187.10b,E | 4865.76+37.3a,AB
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| 35 ] 3535.13£128.15d,A | 3971.81£170.16¢,A | 4393.43£142.27bB | 4729.74+138.71a,B |
Note: Different lowercase letters mean significant differences in the same line (p < 0.05). Different

capital letters mean significant differences in the same column (p < 0.05).

4.2.8 pH
As can be seen from Table 4.12 that the pH values of the T60 and T3 groups were
significantly higher than those of the control group as expected (P < 0.05). The reason for

this should be that the pH values of Ab and soybean oil were higher than that of the fat.
During storage, the pH values of both CK and T30 groups began to decrease on the 25th
day of storage, and the pH values of the T60 group did not change significantly during
the whole storage period. Notably, the pH value of the T90 group decreased sharply to
6.36 on the 35th day of storage, but it was still significantly higher than that of the CK (P
<0.05). The possible reason for this may be that there was the highest content of soybean

oil and PUFA (Table 4.4) in the T90, which were very unstable and more prone to
oxidative rancidity[202]. FL & via Santi stefanello et al.[203] also found similar changes
in pH value about fresh pork sausage containing sun mushroom powder. The pH change
of meat products during storage was related to microbial growth. The decrease in pH may
be due to the accumulation of endogenous or acid-producing microorganisms, such as
lactic acid bacteria. Longer storage time increased the number of lactic acid-producing
microorganisms, causing the pH to drop more.

In the early stage of sausage storage, since most of the microorganisms were killed
during the heat treatment, the growth ability of some of the surviving bacteria had not
been recovered. In addition to the inhibition of low temperature and vacuum conditions,
the growth of bacteria was slow, which decomposed sugar substances and generated lactic
acid, acetic acid, etc. Weak organic acids were less capable, so pH did not change
significantly. At the later stage of storage, due to temperature fluctuations, some of the
surviving bacteria, especially the residual lactic acid bacteria, recovered their growth
ability and used the rich nutrients in sausages to accumulate lactic acid. Thereby, the pH
value of sausages decreased. When stored for 35 days, the pH values of T30, T60, and
T90 were higher than that of the CK, indicating that Ab inhibited the growth of bacteria

to a certain extent.
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Day/d pH
CK T30 T60 T90
1 6.43+0.01c,A 6.47+0.03bc, A 6.48+0.03b,A 6.53+0.01a,A
5 6.43+0.03c,A 6.49+0.01b,A 6.48+0.01b,A 6.53+0.01a,A
10 6.47+£0.05b,A 6.50+£0.01b,A 6.49+0.02b,A 6.53+0.01a,A
15 6.47+£0.04b,A 6.52+0.00a,A 6.53+0.02a,A 6.54+0.02a,A
20 6.48+0.04b,A 6.51+0.02b,A 6.52+0.03ab,A 6.56+0.02a,A
25 6.36+0.03¢c,B 6.43+0.01b,B 6.45+0.02b,A 6.54+0.01a,A
30 6.32+0.02¢,B 6.44+0.00b,B 6.49+0.01a,A 6.50+0.01a,A
35 6.23+0.03¢,C 6.35+£0.01b,C 6.49+0.02a,A 6.36+0.02b,B

Note: Different lowercase letters mean significant differences in the same line (p < 0.05). Different
capital letters mean significant differences in the same column (p < 0.05).

4.2.9 TBARS value

It can be seen from Table 4.13 that the TBARS values of the CK and T30 increased,
reached the maximum on the 25th day of storage at 4 °C, and then decreased. TBARS in
the T60 and T90 groups first decreased and then increased from 0 to 15 days, reached a
maximum at 25 days of storage, and then decreased.

It is worth noting that the TBARS values of T30, T60, and T90 were higher than
those of the CK in the first 5 days of storage. The reason for this might be that the
browning reaction and protein degradation products of Ab mushroom during drying, as
well as the pigments contained in soybean oil participated in the formation of
thiobarbituric acid (TBA) color complex, thereby overestimated the malondialdehyde
(MDA) value.

It is reported that the antioxidant substances in Ab mushroom are phenolic acids,
especially the hydroxy derivatives of benzoic acid [204]. The present studies showed that
Ab and soybean oil as compound fat substitutes did reduce the lipid oxidation of chicken
sausage. Alnoumani et al. [205] found that dry Ab powder inhibited lipid oxidation of
cooked beef, which was consistent with the results of present study. Nevertheless, some
studies have found that the addition of Ab did not significantly inhibit the lipid oxidation
of meat products [201]. The reason for this might be that there were great differences in
the composition and functional components of Ab mushroom under different growth,
harvest and processing conditions [206].

During storage, the increase or decrease of TBARS value had certain volatility,
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indicating that fat oxidation was not the main factor of chicken sausage spoilage. The
possible reason was that fat particles were very small and wrapped by soluble protein, so
they were not so easy to be oxidized or decomposed by microorganisms.

Table 4.13 — The TBARS value of the chicken sausage with Ab powder and soybean oil

Day/d TBARS/ (mg/100g)
CK T30 T60 T90

1 0.101+0.001d,D 0.148+0.001c,E 0.202+0.001b,C 0.2754+0.001a,A
5 0.147+0.004d,C 0.156+0.001¢,D 0.185+0.003b,D 0.261+0.006a,B
10 0.217+0.013a,B 0.169+0.006b,C 0.174+0.003b,E 0.227+0.003a,C
15 0.291+0.003a,B 0.181£0.007b,B,C 0.1594+0.004c,F 0.150+0.005¢,E
20 0.295+0.001a,B 0.189+0.001bc,B 0.235+0.006b,B 0.181+0.001¢,D
25 0.328+0.006a,A 0.224+0.003c,A 0.247+0.005b,A 0.223+0.002¢,C
30 0.298+0.006a,B 0.210+0.013b,A 0.159+0.006¢,F 0.102+0.008d,G
35 0.232+0.002a,C 0.161+0.002b,C 0.147+0.003¢,G 0.126+0.001d,F

Note: Different lowercase letters mean significant differences in the same line (P < 0.05). Different
capital letters mean significant differences in the same column (P < 0.05).

4.2.10 Total viable counts (TVC)

TVC values in chicken sausage during the 35 days storage at 4°C shown in Table
4.14. As shown in Table 4.14, the addition of Ab and soybean oil had a significant (P <
0.05) effect on microbial growth. The total initial colonies of the CK, T30, T60, and T90
were 212, 37, 27, and 37 CFU/g, respectively. The number of microorganisms in the
sausages of the CK increased slowly in the early stage of storage and gradually increased
in the later stage. The lower TVC value in the early stage of refrigeration may be related
to low temperature, and the stress condition of low temperature may lead to a lower
bacterial metabolic rate. On the 15th day of storage at 4°C, the TVC value in CK
continued to rise, reaching about 4.50 x 10* CFU/g on the 30th day, which did not exceed
the limit of the Chinese national standard (10° CFU/g). However, it surged to 1.65x108
CFU/g on the 35th day of storage, which was a ten thousand-fold surge compared with
the value on the 30th day, indicating that the bacteria entered the logarithmic growth phase
at this time.

The TVC value in the three groups containing Ab and soybean oil was significantly
lower than that of the control group at 0 days of storage, and there was no significant

difference among these three groups (P < 0.05), which may be related to the inhibitory
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effect of Ab on spoilage bacteria. This antibacterial activity was related to the main active
ingredients, such as catechin, caffeic acid and rutin. Catechins, a phenolic substance, has
been proved to have antibacterial activity [63]. Caffeic acid and rutin have been shown to
have antibacterial activity as well[123].

However, the TVC value remained at 1.43x104-1.78x10° CFU/g from the 5th day
of storage, which was much higher than that of the CK, and remained stable during the
25-day cold storage period. Ceron-Guevara et al. studied the TVC value of refrigerated
frankfurter sausage [201] and liver paté [207] with Ab mushroom and Pleurotus ostreatus
powder and found that the TVC value of the treatment group was much higher than that
of the CK, which was consistent with the results of the present study. For low-temperature
meat products, heat treatment can only kill the vegetative body of microorganisms, and
the more heat-resistant spores, fungal spores and some heat-resistant microorganisms can
not be completely eliminated. Therefore, these high levels of microorganisms can be
attributed to the spore-forming bacteria naturally present in Ab mushroom, which
survived to thermal treatment. During storage, it was observed that the sausage containing
Ab powder and soybean oil had no peculiar smell and bagging phenomenon during 35
days of storage. Combined with the changes of sausage texture, pH and TBARS value
during storage, this high TVC value was not considered a risk [201]. During the 30 to 35
days of storage, the TVC value of T30, T60, and T90 increased by a hundred times, which
may be related to the increase in the number of psychrophilic bacteria in the sausage, but
the growth rate was still lower than that of the CK, which increased by ten thousand times.
The TVB value of CK at 30 days of storage exceeded the Chinese national standard limit
value. Therefore, it can be concluded that the storage period of sausages containing Ab
mushroom and soybean oil is at least 25 days.

Table 4.14 — The TVC value of the chicken sausage with Ab powder and soybean oil

Day/d Total viable counts / (CFU/g)

CK T30 T60 T90

0 2.12x10°+1.32a,F 3.7x10£0.6b,F 2.7x10+0.5b,D 3.7x10£0.5b,D

5 2.9x10*1.02¢,F 3.9x10%*1.12a,E 1.43%x10%+1.09b,C 1.59x10%+1.21ab,C
10 5x10°+1.21b,F 5.25x10*+1.33a,E 3.00x10*+1.23a,C 2.75x10%+1.32a,C
15 | 225x10°+0.98c,E | 7.20x10*+1.45a,DE | 4.15x10*+1.36b,C 5.10x10*:1.26b,C

20

8x10°+1.24¢,D

9.15x10*£1.26a,D

7.90x10%£1.42a,B

1.20x10°+1.00b,C
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25 2.1x10%+1.01b,C 1.78x10°+1.01a,C 8.25x10*+1.21a,B 1.09x10°+0.93a,C
30 4.5x10%+1.25¢,B 1.89x10°+1.11b,B 1.98x10%+1.15b,B 2.08x107+1.05a,B
35 1.65x10%+£0.95b,A 1.90x10°£1.42a,A 3.00x10°£1.06a,A 1.28x10°+£0.97a,A

Note: Different lowercase letters mean significant differences in the same line (P < 0.05). Different
capital letters mean significant differences in the same column (P < 0.05).

4.3 Technological schemes of the sausages production
By optimizing the formula of sausage, the optimal formula obtained of the low-fat
chicken sausage is as follows:
60 g of chicken breast meat, 8 g of pork back fat, 4 g of Ab powder, 8 g of soybean
oil, 20 g of ice water, 1.4 g of refined salt, and 0.3 g of tripolyphosphate, 0.1 g of chicken
essence, 0.65 g of sugar, 0.15 g of white pepper, 5 g of potato starch.

The sausage production process is shown in Figure 4.7.
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Fig 4.7 — Process flow chart of chicken sausage production
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CONCLUSION OF SECTION 4

1. Low-fat chicken sausage with Ab and soybean oil was created. Sensory
evaluation was used to optimize the amount of potato starch, chicken essence, refined salt
added, and the premix of Ab and soybean oil. The nutritional, sensory, manufacturing,
and storage characteristics of the sausage with the premix of Ab and soybean oil were
evaluated. The technological schemes of the low-fat chicken sausages with Ab are
determined.

2. The addition of potato starch had a greater effect on the texture, taste and general
acceptability of the chicken sausage, and the addition of 5% potato starch showed the best
sensory properties.

3. Chicken essence had a greater effect on the texture and taste of the chicken
sausage, and 0.1% chicken essence showed the best sensory properties.

4. The amount of refined salt added had a greater impact on the texture, flavor and
general acceptability of the chicken sausage, and the addition of 1.4% of the refined salt
showed the best sensory properties.

5. Ab mushroom and soybean oil improved the taste, texture, and overall
acceptability of the sausage. The sausage with a 60% fat replacement percentage owned
the finest sensory characteristics.

6. With the increase of Ab and soybean oil content, the amount of fat and energy in
the sausage greatly decreased, the amount of ash and carbohydrates significantly rose.
The cooking yields of the sausages were consistent and were all very close to 100%. The
protein levels of the sausages decreased dramatically when 90% of the fat was replaced.
The content of essential amino acids of the sausage with the 30% fat replacement
percentage dramatically increased. The amino acid profile in this scenario was unaffected
greatly by the replacement quantities of 60% and 90% fat. The amount of SFA and MUFA
in chicken sausages dramatically dropped, although the amount of PUFA, PUFA/MUFA,
and (PUFA + PUFA)/SFA greatly rose. Comprehensive investigation revealed that the
optimum nutritional characteristics of the sausage came from a fat replacement ratio of
60%.

7. Low-fat chicken sausages showed a denser, more homogeneous, and fewer
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cavities microstructure than high-fat chicken sausages thanks to the addition of Ab and
soybean oil as fat substitutes.

8. Color and color preservation properties of the sausage were altered by Ab and
soybean oil. The L* value of the low-fat chicken sausage dramatically dropped, while a*
and b* values rose significantly. The a* value steadily increased while the L* and b*
values gradually decreased during storage. While the L* and a* values of the high-fat
sausage gradually declined, b* value gradually rose during the storage.

9. The hardness and chewiness of chicken sausages significantly improved when
60 % and 90 % of the fat were substituted by Ab and soybean oil. Overall hardness of the
low-fat chicken sausage increased, springiness and chewiness fluctuated during storage.
Low-fat chicken sausage with a 60% fat replacement percentage maintained its
cohesiveness throughout the storage period.

10. The pH value of the low-fat chicken sausage containing Ab and soybean oil
increased and was relatively stable during storage. The greater the amount of Ab added,
the greater the pH value. The pH of the sausage with 60% fat replacement percentage had
no change throughout the storage period.

11. The TBARS values of the low-fat chicken sausages increased noticeably during
storage, and their range of TBARS values was narrower than that of high-fat chicken
sausages. The TBARS values of low-fat chicken sausages were significantly lower than
high-fat chicken sausages on day 15 of storage. The lower the TBARS value, the higher
the level of Ab mushroom and soybean oil. Ab mushroom partially reduced the oxidation
of fat in chicken sausage.

12. The total number of colonies in high-fat chicken sausage exceeded the Chinese
national standard after 35 days of storage. Only on the first day was the total number of
colonies for the low-fat chicken sausages lower than that of the high-fat chicken sausages.
Thereafter, the number of colonies remained high and slowly climbed throughout the

storage period. Low-fat chicken sausages containing Ab and soybean oil had a minimum

shelf life of 25 days.
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SECTION 5 ECONOMIC BENEFIT ANALYSIS
The purpose of the work was to produce a low-fat chicken sausage containing Ab
at a food processing enterprise. Each shift has a capacity of 200kg to meet the needs of
the population by creating an economically efficient production of them for a stable
income.
5.1 Production program
The calculation of the production program is presented in Table 5.1.

Table 5.1 — Production volume in value terms

Product type Production volume per shift, kg Price of sold products, Dollar.
Dough 200 912.8
Together 912.8

5.2 The cost of raw materials, basic materials, and auxiliary materials
5.2.1 The cost of raw materials, basic materials
In order to ensure the production of products that meet modern requirements, the
workshop does not need a radical reconstruction both in terms of replacing outdated
equipment and in terms of introducing modern technologies.
Based on the calculations of the technology project and the data of technological
practice, we calculate raw materials and basic materials for the production of a low-fat

chicken sausage.

Table 5.2 - Calculation of the cost of raw materials and basic materials

Type of raw material | The need for raw Purchase price for 1 Total cost of raw
materials per shift, kg, Dollar. materials, Dollar.
k
chicken breast 11 lg.S 243 270.56
pork back fat 14.9 3.57 53.17
Ab powder 7.4 13.99 103.51
soybean oil 14.9 1.38 20.50
ice water 37.2 0.0001 0.01
refined salt 2.6 0.89 232
Tripolyphosphate 0.6 1.43 0.86
chicken essence 0.2 5.55 1.11
sugar 1.2 1.22 1.46
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white pepper 0.3 14.79 4.44
9.3 3.40 31.59

489.52

potato starch
Totaly 200
5.2.2 The cost of auxiliary materials

Next, we determine the amount and cost of auxiliary materials for the production
of low-fat chicken sausage. At the same time, only the cost of auxiliary materials for
technological purposes is taken into account, which is calculated directly, based on the
costs of the entire production and the cost of auxiliary materials.

(1) Collagen casing: 18mm diameter collagen casing is used for sausage filling.
During filling, the consumption of collagen casings with a diameter of 18 mm 1s 6.83m
per kilogram of meat filling, and the casing loss is 0.1%.

The consumption of collagen casings per shift is 200%6.83%(1+0.1%)=1502.6
meters.

(2)Packaging carton: five-layer corrugated cardboard is used. Each sausage weighs
0.021kg, and 50 pieces are packed in each carton, with a loss of 0.1%.

The number of cartons required for each batch is 200 +0.021 + 50 % (1+0.1%)=191.

(3)Tape: carton size is 280 x 195 x 105mm, extending lcm at both ends, loss is
calculated as 0.1%.

The length of tape required for each carton is (280+10 x 2) x 2=600mm.

Daily consumption of adhesive tape length is 191x600%(14+0.1%)+1000=115m.

(4) Tensile film: loss is calculated as 0.2%. 0.045kg of base film is consumed per
kilogram of sausage, 0.03kg of covering film is consumed per kilogram of sausage.

The number of base film required per day is 200x0.045%(1+0.2%)=9.02kg.

The number of covering film per day is 200 % 0.03 x (1+0.2%)=6.02kg.

The calculations are presented in Table 5.3.

Table 5.3 - Calculation of the cost of auxiliary raw materials and materials

Type of raw material Need for materials, Purchase price, Total cost,
number Dollar Dollar
Collagen casing 1502.6 meters 0.06/meter 92.22
Packaging carton 191PCS 0.31/PCS 59.98
Tape 115meters 0.0049/meter 0.57
Tensile film(base film) 9.02kg 4.43/kg 3991
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Tensile film(covering
film) 6.02kg

5.00/kg 30.07

Together

130.54

5.3 The salary of employees

We will calculate the salary of employees.

Table 5.4 - Calculation of the salary fund

Type of | Number of Basic Additional Charges for Basic salary
employee | employees salary, salary, wages (37.5%), fund, Dollar
Dollar Dollar. Dollar.
10 32.52 3.25 13.41 49.19

5.4 The cost of fuel and energy

The calculation of energy consumption is carried out based on the norms of

consumption of energy resources per one ton of product and their cost, based on the

data of the energy and electrical engineering calculation of the project, which are given

in the feasibility study.

Table 5.5 - Calculation of the cost of fuel and energy for the production of products

Types of fuel and | Rate per 1000 kg | The number of Price per unit, Total costs
energy of products production per Dollar. Dollar
shift
Electricity 575.65 kW 0.2 0.05 6.02
Water 7.74 m’ 0.2 0.35 0.55
In total h h h 6.57

5.5 The costs of equipment maintenance and operation

The costs of maintenance and operation of machines and equipment are determined

depending on the complexity of the innovative solution:

we accept in the amount of 20% of the basic salary in the absence of capital

investments=6.50 Dollar.

5.6 Total expenditures

General production costs are accepted in the amount of 50% of the basic

salary=16.26 Dollar.

5.7 Administrative costs

Administrative costs are 1.5% of the production cost of products=10.39Dollar.
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5.8 Sales costs
Sales costs are 10% of the production cost of products =69.26Dollar.
5.9 Other operating costs
Other operating costs are 5% of the production cost of products = 34.63Dollar
After the calculations, a summary table of production costs is drawn up.
Table 5.6 — The cost of production

No Articles of expenditure Sum,
Dollar
1 | Raw materials and materials 489.52
2 | Auxiliary materials 130.54

3 Fuel and energy for technological purposes 6.57
4 Salary with deductions 49.19

5 Equipment maintenance and operation costs 6.50
6 Total expenditures 16.26
7 Production cost 692.62
8 | Administrative expenses 10.39
9 Selling expenses 69.26
10 | Other expenses 34.63
11 | Full cost 806.90

5.10 Technical and economic performance indicators of the enterprise
Summarizing indicators of the company's activity are given in the table 5.7.

Table 5.7 - Technical and economic performance indicators of the enterprise

Indicators Unit Value
Volume of produced products in current prices Dollar 913.51
Full costs of production and sale of products Dollar 806.90
Expenses for 1 hryvnia. manufactured products Dollar 0.02
Profit from production activities Dollar 106.61
Profitability of production % 11.7
The number of industrial and production personnel persons 10
Productivity Dollar/person 10.66

The production of 200kg low-fat chicken sausages per shift can make a profit of
106.61 Dollar, and the production profitability has reached 11.7%, indicating that the

industrial production of low-fat chicken sausages with Ab has good economic prospect,
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huge benefits, and is worth promoting.
CONCLUSION OF SECTION 5

The economic benefit of low-fat chicken sausage production was analysed. The
industrial production of low-fat chicken sausages with Ab has good economic prospect,
huge benefits, and is worth promoting.

The production of 200kg low-fat chicken sausages per shift can make a profit of
106.61 Dollar, and the production profitability has reached 11.7%, indicating that the
industrial production of low-fat chicken sausages with Ab has good economic prospect,

huge benefits, and is worth promoting.
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CONCLUSION

1. Based on previous studies, this study systematically analyzed the development
trend of meat and meat products, the development status and trend of low-fat meat
products, the characteristics and application of mushrooms in food, and the application
prospect of Ab mushroom in low-fat meat products. The results are that chicken
consumption will continue to grow in the long-term. Low-temperature meat products
dominated the market of meat products. Future study on the creation of low-temperature
meat products will focus heavily on low-fat meat products. Mushrooms are widely used
in meat products and have broad application prospects in low-fat meat products.

2. Ab can act as a fat substitute to produce low-fat chicken products to meet the
needs of consumers for nutritious and healthy meat products. At present, there is no study
available yet on the application of Ab mushroom in low-fat chicken products. Therefore,
Ab has a broad application prospect in low-fat chicken products.

3. Ab as a fat substitute affected the gel properties and microstructure of chicken
batters. Under special substitution percentages, adding Ab mushroom significantly (P <
0.05) increased the pH value, and improved the emulsion stability, gel characteristics and
microstructure of chicken batters, while the L* and whiteness of chicken batters with Ab
powder decreased. In conclusion, Ab mushroom can act as a fat substitute to produce low-
fat healthy chicken products. It was advised to replace 20% of pork back fat with Ab
mushroom to obtain the best gel quality.

4. When Ab mushrooms alone or in combination with soybean oil or water as fat
substitutes, the cooking yield, water holding capacity, texture, and rheological properties
of the chicken batter were improved and a part of free water was transformed into
immobilized water. However, the color of the chicken batter changed significantly (P <
0.05). Particularly, the combination of Ab mushroom and soybean oil demonstrated the
optimal effect to improve the gel properties, rheology, microstructure and water-binding
ability of the chicken batter. Thus, the results suggest that the concomitant use of Ab
mushroom and soybean oil is a promising strategy for developing healthier chicken

products.



132

5. When the compound of Ab and soybean oil was used as a fat substitute in chicken
batters, its particle size should be considered. Large particle size was more conducive to
the increase in pH value, cooking yield, and water holding capacity of chicken batters by
converting a part of free water into bonding water. Small particle size was more conducive
to the L* value, b* value, whiteness value and viscoelasticity of chicken batters, and the
improvement of the microstructure of chicken batters.

6. Ab mushroom significantly affected the WHC, gel strength, texture, rheology,
water distribution, microstructure, and protein secondary structure of chicken MP gels.
Adding Ab mushroom increased the viscoelasticity of MP gels, caused a part of free water
in MP gels to turn into immobilized water, and enhanced the WHC and gel strength of
MP gels. Ab mushroom powder as a filler could enter the network matrix of the protein,
forming a gel with smaller pores and greater density. A specific amount of Ab powder
was beneficial to the texture of MP gels. Moreover, the interaction between Ab and
protein resulted in the addition of B -folding and the reduction of a -helix during protein
denaturation. In conclusion, MP gels with a denser and more uniform structure can be
obtained when a specific amount of Ab mushroom is incorporated into MP, which has
high water retention and improved texture. The study suggested that Ab could be a
promising ingredient in improving chicken MP’s gel properties and developing fat-
reduced meat products.

7. The addition of potato starch, chicken essence, refined salt, and premix of Ab
and soybean oil was optimized, and a low-fat, low-calorie, sodium nitrite-free healthy
chicken sausage containing Ab was successfully developed. Compared with high-fat
chicken sausages, low-fat chicken sausages had significantly lower energy and higher ash
and carbohydrate content (P < 0.05). There were no significant changes in moisture,
protein, total essential amino acids, and non-essential amino acids (P < 0.05). The
contents of fat, SFA and MSFA were significantly reduced, and PSFA content increased
by 2.5 times (P < 0.05). The cooking yield was close to 100%, hardness and chewiness
increased significantly, springiness and cohesiveness did not change significantly, L*
value decreased, and the values of a*, b*, pH and TBARS increased significantly (P <

0.05). Consumers enjoyed the flavor, texture, and overall acceptability of the Ab-
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containing low-fat chicken sausage, and accepted its color and taste.

8. During the storage period of 35 days, the redness value of low-fat chicken
sausage gradually increased, and the yellowness value gradually decreased, which
showed a completely opposite trend of color change with high-fat chicken sausage. There
were no changes in pH and cohesiveness, a fluctuation in chewiness and firmness, and a
slight decrease in elasticity. Compared with high-fat chicken sausage, low-fat chicken
sausage showed stronger antioxidant properties. Although the total bacterial count of low-
fat chicken sausage was higher than that of high-fat chicken sausage, the increase of total
bacterial count during storage was lower than that of high-fat chicken sausage. Low-fat
chicken sausages have a minimum shelf life of 25 days.

9. The recipe developed for low fat chicken sausage is 60 grams of chicken breast,
8 grams of pork back fat, 4 grams of Ab powder, 8 grams of soybean oil, 20 grams of ice
water, 1.4 grams of refined salt, and 0.3 grams of tripolyphosphate , 0.1 grams of chicken
essence, 0.65 grams of sugar, 0.15 grams of white pepper, 5 grams of potato starch. The
energy value of the developed low-fat chicken sausage containing Ab is 220.44kcal/100g.
The nutrient contents are as follows: moisture 61.85%, ash 1.54%, protein 12.51%, fat
14.8%, carbohydrate 9.3%.

10. According to the best technological scheme obtained in this study, the
economic benefits of the production of low-fat chicken sausages containing Ab
mushroom were analyzed. It was found that the industrial production of low-fat chicken
sausages has good economic prospects and huge benefits, which is worth promoting.

11. The production of 200kg low-fat chicken sausages per shift can make a profit
of 106.6 Dollar, and the production profitability has reached 11.7%, indicating that the
industrial production of low-fat chicken sausages with Ab has good economic prospect,

huge benefits, and is worth promoting.
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APPENDIX B

HJF

Controlled document

NO:2021061601

Commencement date :20210616

Production process and operation key
points of produce low-fat chicken
sausage with Agaricus bisporus

mushroom

Page 1 Total of 5 pages

1. Objective:

Standardize product production and ensure product quality.

2. Application scope:

It is suitable for the low-fat chicken sausage with Agaricus bisporus

mushroom in meat products factory of Jiaduoduo Food Co., Ltd.

3. Product formula:

All the raw chicken batters are prepared with 100 kg chicken breast

meat, 13.33 kg pork back-fat, 33.33 kg ice water, 6.67 kg Agaricus

bisporus mushroom powder, 13.33 kg soybean oil, 2.33 kg NaCl, 0.50 kg

Sodium tripolyphosphate, 0.17 kg chicken essence, 1.08 kg sugar, 0.25 kg

ground white pepper, 8.33 kg potato starch. Therein, the raw chicken

breast meat (Arbor Acres, females, 49-day-old; moisture < 73%, protein >

21%: pH, 5.65-5.90); Agaricus bisporus mushroom powder (moisture <

7%. Sieved down through a 120 mesh sieve). Soybean oil (first grade).
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4. Process content

4.1 Technological process:

Raw materials receive — Thaw — Dressing — Ground —

Chopping* — Filling — Baking — Hot processing®* — Packaging —

Sterilization — Cooling — Labeling — Packing— Warehousing.

Note: * indicates the key process.

4.2 Raw material reception and dressing;:

Requirements for the selection of fresh (frozen) chicken breasts

and pork back fat as raw materials. Frozen chicken breasts and pork back

fat should be well frozen, thawed at 18+2 °C, and the center temperature

should be controlled at 0-4 °C after thawing. Fresh chicken breasts and

pork back fat should be pre-cooled to an internal temperature of 4 °C

before use. After thawing, chicken breasts and pork back fat should be

repaired timely to remove blood stasis, floating hair, broken bones,

impurities, etc, and the temperature of chicken breasts and pork back fat
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should be controlled within 0-4 °C. Agaricus bisporus powder was mixed
with soybean oil at a ratio of 1:2 for 24 hours to absorb oil and expand.
4.3 Ground

After removing fat and other non-musclar material, the chicken
breasts and pork back fat should be ground using a meat grinder with a 6
mm holes plate (MGB-120, China) respectively. The meat grinder should
be in proper operation with sharp blades, thus ensuring that the
granularity of the chicken breasts and pork back fat is evident.
4.4 Chopping

The ground chicken breasts (0—4°C) should be chopped with salt,
tripolyphosphate, and 1/3 ice water by a chopper at 1500 rpm for 60
seconds. After a pause of 3 minutes, ground chicken should be chopped
with ground pork back fat, pre-mix of Agaricus bisporus powder and
soybean oil, sugar, ground white pepper, chicken essence, potato starch,

and 1/3 ice water at 1500 rpm for 120s. After a further pause of 3
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minutes, the ground chicken should be chopped with the remaining 1/3
ice water at 3000 rpm for 60 seconds. During the chopping process, it is

necessary that the center temperature of the mixture is always lower than
10°C.

4.5 Filling

Immediately after chopping, the batter should be swffed by a
vacuum stuffer in 18 mm diameter edible collagen sausage casings.
Chicken sausages should be linked automatically at 10 cm intervals.

4.6 Baking, hot processing

The uncooked sausages should be baked at 60 *C for 30 min and
then in a water bath at 80 *C for 30 min until the internal temperature is
T2°C,

4.7 Vacuum packaging, sterilization, and cooling

Vacuum pack the cooked sausages and heat them in a water bath at
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80°C for 15 seconds. Immediately cool the cooked sausages to 20 °C with
tap water and store at 4 °C.
4. 8 Labeling, packing and warehousing

After the surface of the product packaging has dried, it should be
correctly and securely labelled and the net content of the whole box must
not be negatively deviated. Each cardboard box contains 50 sausages. The
packaged products should be stored in a warehouse at 0 - 4°C and have a

shelf life of 30 days.
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CERTIFICATE OF PRODUCT APPLICATION

Henan Jiaduoduo Food Co., Ltd. conducted pilot tests on the
low-fat chicken sausage products containing Agaricus bisporus
mushrooms with consumer characteristics developed by Nan Haijuan
from 2021 to 2022. Furthermore, the company put the product on the
market in 2022 for sale, which is deeply loved by consumers and had

generated over $300,000 in direct economic benefits for the company.
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CERTIFICATE OF PRODUCT APPLICATION

Henan Fengxiang Fengwei Food Co., LTD conducted pilot tests on
the low-fat chicken sausage products containing Agaricus bisporus
mushrooms with consumer characteristics developed by Nan Haijuan
from 2021 to 2022. Furthermore, the company launched the products into
the market in 2022, which is popular among consumers, and gained a

direct economic benefit of $20,000.
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