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AHOTAILIS

Auminr Jli. TexHos10risi MaJ0COJIOHUX CBUHAYHUX KOBOACOK i3 BUKOPUCTAHHAM
i3oasiTy coeBoro Oiika Ta 00po0KOI BHCOKMM THCKOM- KBamidikariiiHa HaykoBa
poOoTa Ha MpaBax pyKOMHCY.

Huceprariist Ha 3700yTTs HAYKOBOTO CTyMeHs JokTopa (istocodii 3a creniaabHICTIO
181 «XapuoBa TEXHONOTIsA», rany3b 3HaHb 18 «BupoOHUUTBO Ta TexHONOrI». CyMChKHI
HalllOHATBHUM arpapHuil yHiepcuret, Cymu, 2022.

JlucepTaliito NpUCBAYECHO TEXHOJIOT1 KOBOACOK 31 CBUHUHM 31 3HUKEHHM BMICTOM
COJI1, BUKOPUCTAHHSAM 130JIATY COEBOTO O1JIKa Ta 00OPOOKOI0 BUCOKUM THCKOM.

VY Beryni Oynio Mokas3aHo, IO HaJAMIpHE CIIOKMBAHHS COJII MOXKE€ INPHU3BECTU 10
riIepTOHIi, CEpUEBO-CYIMHHUX 1 LIEPEOPOBACKYIIIPHUX 3aXBOPIOBAHb TA 1HIIMX XPOHIYHUX
3aXBOPIOBaHb, 3MEHILIEHHS CIOKHBAaHHA COJII CTaJ0 TJ00albHUM KOHCEHCYCOM MJis
KOHTPOJIIO XPOHIYHUX 3aXBOPIOBaHb. BcecBiTHA acamOiiess 0XOpOHHU 370pOB’st O(DimiitHO
npuiinsuia «BigHOCHE 30% CKOpOYEeHHs CHOKUBaHHA cojii 10 2025 poky» sIK OJHY 3
JeB’SITU  JOOPOBUIBHUX TIJOOANBHUX MUJIEH 100 NpodUIAKTHKA Ta OOpoThOU 3
HelH(eKIIMHIMH 3aXBOpioBaHHAMU. Hapasi maibke MOJOBMHA KpaiH CBITY 3alyCTHIIA
HalllOHAJIBHI TporpamMu abo Jii Ta PO3poOMIIM BIACHI MPOMMCIIOBI HACTaHOBU IIOJIO
3MEHIIICHHS CTIOXKUBaHHs coii. [Ipore TpanuiiiiHi eMylbCiiiHi M SCHI TTPOJYKTH MICTSITh
OUTBIITY KUTBKICTH COJi, OCKITBKA PO3YMHEHHS PO3YMHHOTO B COJIi OlKa MPH BHUCOKIN
KoHIeHTpatii comi (> 0,3 MoJb/iT) € KIIOYOBUM KPOKOM Y (JOpMYBaHHI SIKICHOI CTPYKTYpH
reqto. HeoOxigHO 3HANTH HOBI TEXHOJOTIT I €MYJIbCIMHHUX M’ SICHUX NPOAYKTIB 31
3HIDKEHUM BMICTOM COJIi, fIKi MOIJIA O BUPIMIUTH TPOOJIEMYy €MYyJIbCIHHMX M’ SICHHX
MPOJIYKTIB, SIKI MArOTh BHWIII BTPAaTU MPU BapiHHI Ta TIpPIIl BIACTUBOCTI TENIO MPH
3HI)KEHOMY BMICTI COJII.

OO0poOKa BUCOKMM THUCKOM MOXK€ €(PEKTHBHO 3MIHUTH CTPYKTYpy OUIKIB 1 TEXHO-
(GyHKIIIOHABHI BIACTHUBOCTI M SICHUX MPOAYKTIB, a TaKOXK 30€perTy MOKUBHICTH 1 CMak.
3/1aTHICTh 0OpOOKM BUCOKHMM THUCKOM 1HAKTHBYBATH MIKPOOPTaHi3MU Ta JI€HATypyBaTu
OUIKM BijOMa B)KE€ MOHAJ] CTO POKiB. 3MIHU B OUIKOBHX CTPYKTypax, KOHMoOpMarisx i
BJIACTUBOCTSIX TeJI0 TICHO MOB’S3aH1 3 PIBHSAMH THUCKY, YaCOM 1 TEMIIEpATypor0, TOMY

BHU3HAYCHHA OIITUMAJIbHUX YMOB O6pO6KI/I BHCOKHUM THCKOM € BaXJIMBHM HAIIPpAMKOM
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JOCHIPKeHb. 3aCTOCYBaHHA OOpOOKHM BHCOKMM THCKOM BIJKpUBAa€E JesKi I[IKaBl
MOKJIUBOCTI ISl OOpPOOKH M’S30BUX XapyOBHX MPOJYKTIB, HANPHUKIIAJ, BUCOKUN THUCK
MOK€ BIUIMBAaTH Ha TEKCTYpy Ta TIeJI€yTBOPIOBAJIbHI BIACTUBOCTI M’ SICHOTO TiCTa Ta
Mi0(pi1OpMIIsIpHUX OUIKIB, M’AKICTh, KOJIIP Ta 1HII BJIACTUBOCTI M’5131B. BruinB o6poOku Ha
MPOIYKTH HA OCHOBI M’s31B B OCHOBHOMY 3aJIGKUTh BiJl BIUIUBY THCKYy, 4acy Ta
TEMIIEpaTypd Ha BIANOBIJHI TEPMOJMHAMIYHI Ta TPAHCHOPTHI BJIACTHUBOCTI M SICHHX
cucteM. 30kpema, o0O0poOKa BHCOKMM THCKOM TIOKpally€ BIJIACTUBOCTI M A31B,
no/ipiOHeHoro M’sica Ta MioQiOpmIsipHUX OUIKIB, a BUKOPUCTAHHS OOpPOOKH MOMIpPHUM
THCKOM M’sica, TIOTIEPEIHbO 3aCTUTJIOT0, MA€ MOTEHINaI, OCKUIBKH M’scO OyJie HIKHUM 1
MaTtuMe TMpueMHUN KoJiip. OOpoOKka BHCOKMM THCKOM IPH ONTHUMAIBHHUX IapaMeTrpax
MIPOIIECY TOKPAIIYE BOJOYTPUMYBAIBHY 3/IaTHICTH 1 TEKCTYpy MOJPIOHEHOTO M’sica, aye
MPOJIYKTH MPHU IbOMY HE MalOTh TOTOBOT'O BUTJISIY Ta € HMOBIPHICTH MIPUCKOPEHOI BTPATH
cMaky. BongHouwac o0poOka MOMIpHMM THCKOM, BIUJIMBAIOYM Ha HEKOBAJEHTHI Ta
KOBaJICHTHI 3B’S3KM 1 KOH(popMalilo MiopiOpWiIsipHUX OUIKIB, BOJOYTPUMYBAIbHY
3JIaTHICTb 1 TEKCTYpY Mio(iOpUisipHUX OLIKIB, MOKpAILY€e SKICTh M SICHUX MPOAYKTIB 3i
3HUKEHUM BMICTOM COJII.

Bwmict Oinka B 130iTI coeBoro Oinka cTaHOBUTH Ouibiie 90%, ToMy 1ie
BUCOKOSIKICHA POCJIMHHA GilKOBAa XapuoBa CHPOBHMHA. MOro (yHKIiOHAIbHi BIACTHBOCTI
MOXHa PO3AUIMTA HA TPU KaTeropii: BJIACTUBOCTI MOBEPXHI pO3JLTY, BIACTHBOCTI
rigparamii Ta BJIACTMBOCTI, IOB’sS3aHI 3 OUIOK-OUIKOBUMHM B3a€MOISIMHM, BKJIIOUYAIOYH
MPEeUIITALlI0, arPEralio Ta BJIACTUBOCTI rejto. BpoaoBk 0cTaHHIX POKIB HA 11l OCHOBI
COTHI KpaiH CBITY pO3pOOMIIM THCAYl XapYOBHX IMPOAYKTIB, IO MICTATh COEBUH OiJIOK.
['o6yniH coeBoro O11Ka Ma€e TICHO TJIOOYJISIPHY CTPYKTYPY, HEBEIIUKY MOJIEKYJISIpHY Macy,
aKTUBHI T'PYNOBI MaKeTH BCEPENMHI MOJIEKYJH; ICHYIOUM METOAM MOoro Moaudikarii He
J03BOJISIIOTh  €(PEKTUBHO 3MIHUTH HOTO CTPYKTYpy Ta TOKpamUTA (PYHKI[IOHAIbHI
BJIACTUBOCTI. 3MIHU TEXHIKO-(DYHKI[IOHAIbHUX BIACTUBOCTEN COEBOTO OLIKa (BIACTHUBOCTI
€MYJIbCii, 3JaTHICTh YTPUMYBATH BOJY Ta BJIACTHUBOCTI T€II0) MijJ 4ac 0OpOOKH BHUCOKUM
THCKOM 30UIBIITYIOTECA 200 3MEHIIYIOThCSI B 3aJIEKHOCTI BiJl 3MIHHM PIBHIB THCKY, 4acy Ta
temrneparypu. CoeBuil OUTOK Ta #oro MoaudikoBaHI MPOAYKTH 3aBISKH CBOIM

(i)YHKHiOHaHBHI/IM BJIACTUBOCTAM HINPOKO BUKOPHUCTOBYIOTHCS IIPHU BUI OTOBJICHHI M’ SICHUX
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Ta MOJIOYHUX MPOAYKTIB, MPOTEIHOBUX HAMOIB, XJ1000YyJIOYHUX BHUPOOIB Ta IHILIUX
XapuyoBUX MPOAYKTIB. BOHM BiAirparoTh BaXJIUBY POJIb Y JOTIOBHEHHI O1JIKa, JIOMOBHIOIOYH
Xap4yBaHHS JEKUIbKOMAa BUAAMH O1JIKa, 3MEHIIYIOYH CIIOKMBAHHS TBApPMHHOTO OlIKa Ta
HAJAI0YM XapyoBUM IMpoJayKTaM (GYHKII OXOpPOHHM 3/I0pOB’s. 30KpeMa, MpaBHIIbHA
00poOka coeBoro Oika THCKOM, BIUTMBAIOYM HAa HEKOBAJICHTHUU 3B’SI30K, KOBAJICHTHHM
3B’A30K 1 KoH(oOpMmarito Oinka, MiABUILYE BOAOYTPUMYBAIbHY 30aTHICTH, MOKpAIIye
BJIACTUBOCTI TEJII0 Ta €MYJIbCIi, a TAKOXK 3HUKYE AJIEPTCHHICTh COEBUX OLIKIB Y JUTAYUX
cyMimiax.

OTxe, 3acTOCyBaHHSI OOpOOKH BUCOKHMM THCKOM 1 BUKOPHCTAHHS 130JIATY COEBOTO
Oinka g wMoaudikaiii BIACTUBOCTEH M SICHMX TMPOJYKTIB MIJABUILYE BOJO- 1
KUPOYTPUMYBAIBHY 3[AaTHICTD 1 SKICTh CBHHSIYOTO (apiry 31 3HIKEHUM BMICTOM COJi, a
TaKOX BIJMIOBIA€ OCHOBHOMY IMPHUHIIUAITY OOpOOKM Xap4yOBHX MPOAYKTIB. TakKMM YHUHOM,
OyJ0 JOBEACHO MONUIBHICT BUKOPHUCTAaHHS KOMOiHAIii OOpOOKM BHCOKHM THCKOM 1
BUKOPUCTAHHSA 130JITY CO€BOIr0 OLIKa JJIs BUPOOHUITBA CBUHAYOTO (haplly 31 3HHKECHUM
BMICTOM COJI1 JJIS OKPAILIEHHS 3JaTHOCTI YTPUMYBATH BOY Ta KUP Ta SKOCTI MPOAYKTY B
uuomy. JlaHi ¢GakTh € TEOpeTHUYHUM MIAIPYHTAM JUIsl HAIIMX EKCIIEPUMEHTAIbHUX
JOCTIIKEHb.

Meta npocnikeHHs — HAayKOBE OOIpYHTYBaHHS Ta pO3poOKa BUPOOHHUIITBA Ta
nepepoOKH MaJlOCOIBHUX BHUPOOIB 13 CBUHSYOrO (apiry 3a TEXHOJIOTIEI OO0poOKU
BUCOKHM THCKOM 1 JIOJIaBaHHSIM 130JIATY CO€BOTO OlJIKa, a TaKOXX BUBYEHHS MEXaHI3MY
OTPUMAaHHS MaJOCOJBPHUX BHPOOIB 13 CBHHSUYOTO ¢apury i BHCOKHM THCKOM IpHU
JI0/IaBaHH1 130J15Ty coeBoro Ouika. IIpeameroM OCHIIKEHHS € OXOJO/KEHA CBUHUHA
longissimus lumborum, cBuHSUUNA M10DIOpWISIpHUIA O17I0K, CBUHSYMI (apiil 31 3HIHKECHUM
BMICTOM COJIi, 130JISIT COEBOTO OiNKa, mapameTpu oOpOoOKH BHCOKHM THCKOM, KOMOiHAITis
BHCOKOI'O THCKY Ta 130Ty CO€BOro Oi/ika, MacTepU30BaHUN CBUHSYMN apir 3i
3HIDKEHUM BMICTOM COJIi, BUTOTOBJICHHH 3a JJOTIOMOTOI0 BUCOKOTO THUCKY, BUKOPUCTAHHSIM
130JITy COEBOTO OUTKA 1 MOJANBIINM 30€piraHHsIM B OXOJO/KeHOMY cTaHi. O0’ekToM
JOCIIJIKEHHS € BUPOOHUIITBO CBUHAYOTO apiry 31 3HHKEHUM BMICTOM COJII 3a
TEXHOJIOTIEI0 0OpPOOKM BUCOKUM THCKOM 1 TIOEHAHHSIM 130JI5ITy COEBOTO O1Ka, KU Mae

Kpalry BOJOYTPUMYBAJIbHY 3JaTHICTb, TEJENOIOH] BJIACTHUBOCTI, CEHCOPHY SKICTh 1



4

TPUBATIIINI TepMiH 30epiraHHs, IO € HOBHH METOJOM BHPOOHHIITBA BHCOKOSIKICHHX
BUPOOIB 31 CBUHAYOrO (apiry 31 3HIDKEHHUM BMICTOM COJi, HANpPUKIAJ COCUCKH Ta
bpHUKaIETHKH.

Jpyruii po3aia  MICTUTh OIMC METOJOJIOTIYHUX MIiAXOJIB, BHKOPHUCTAaHUX B
AUcepTaliiiHiii poOOTI Ta BKJIIOYAE€ TEOPETUYHI JOCIIHKCHHS, ONWUC CHPOBUHHU Ta
IHIPEIIEHTIB, METO/IIB €KCIIEPUMEHTY, IPAKTUYHE TECTYBaHHS, MPOCYBaHHS TEXHOJOTII Ta
MIIMOPSIKOBAHI Pi13HI METOAM JTOCHIJKEHHS JUIsl BUPIIICHHS HAYKOBOi MpoOjieMu Ta
JOCSITHEHHSI METH, ITOCTABJIEHOI B AMCEpPTaLlliHIi poOOTI.

Tpetiii po3din MPUCBAYEHO EKCHEPUMEHTAIBHUM JIOCHI/DKEHHSIM B SAKHX, SK
CUPOBHHY, BUKOPUCTOBYBAJIU OXOJIOJKEHY CBUHHMHY Ta 130JIT COE€BOr0 OiKa, rOTyBalld
Tpu 3pa3ku dapury 3 0%, 2% Tta 4% i13onaTy coeBoro Ou1ka npu 200 MIla npotsirom 10
XBWIMH BIANMOBIAHO. bByno mnpoaHanizoBaHO 3MIHU KOJIbOPY, BHUXOJy IIpU BapiHHI,
CTaOUIBHICTh €MYJIbCii, PEOJIOTIYH1 BJIACTUBOCTI 1 BTOPUHHY CTPYKTYpy OliKa CBHHSYOIO
bapmy (3 1% xmopuay HaTpir0), 0OpOOJEHOTO BHUCOKHM THCKOM 3 PIi3HUM BMICTOM
130J151Ta COEBOT0 O1IKa, BIUIMB OOPOOKH BUCOKHM TUCKOM 1 BUKOPUCTAHHS COEBOTO OLITKA.
Hochimkeno koMmOiHalli 130JTIB  HAa  BOJOYTPUMYBAJbHY 3HaTHICTb, TEXHIKO-
(yHKIIIOHAJIBHI BJIACTUBOCTI Ta OUIKOBY KOH(OpPMAIII0 CBUHSYOIO KISIPY 31 3HMKEHUM
BMICTOM coOJii. Pe3ynpTaTu mokasanu, 1o BIUTUB OOpOOKH BUCOKHUM THCKOM 1 MO€IHAHHS
130JIATy CO€BOTO O1Ka Ha BJIACTUBOCTI TEII0, PEOJIOTIUHI BIACTUBOCTI Ta KOH(OPMAIIIO
Oika cBUHSYOrO (papury icToTHO Biapi3HsBca. 3HaueHHs pH, L* 1 b*, npogykTuBHICTS 1
TBEPJICTh MPHU BapiHHI, B’S3KICTh 1 PO3KOBYBaHICTh, a TakoK 3HaueHHs G' ipu 80 °C Oynu
sHagHo BunuMmu (P <0,05) mpu qomaBanHI 1305TY coeBoro Oinka, ane 3HadeHHs a*, TR,
WR 1 FR 6ynu 3nauno 3umxkeni (P <0,05). Bonnouac 3nauenns TR, WR 1 FR, G' ipu 80
°C 0ynu 31ayHO 3HKeH1 (P <0,05) 31 3011bIIIEHHSIM 130J1TY CO€BOr0 O1IKa. TaKuM YUHOM,
nonaBaHHs 2% 130JITY COEBOro OUTKa MOYKE MOKPAIIUTH BOJOYTPUMYBAIbHY 3aTHICTH 1
TEKCTYpy CBHUHsSYOro (apmry, obpodmeroro tuckom 200 MIla. Pesymprar SAMP y
ciabKoMy TOJIEM TMOKa3aB, IO MPEJCTaBIICHI 3pa3Kyd, BUTOTOBJICHI 3 130JI5TY COEBOTO
Oinka, Oynau MIIHO 3B’s3aHI Ta Mald TapHy reieBy CTpykTypy. [lodatkoBuit uac
penakcarii T2b, T21 1 T22 6yB menmmm (P <0,05) y npeacTaBiaeHUX 3pa3kax CBHHSIYOTO

dapiry 3 130JTOM COEBOro OUIKa, HDK y 3pa3Ky 0e3 130JTy CO€BOTO Ouika, 1
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MIPEACTABIICH] 3pa3Ku Majii HaMEHII ITIKOBI CITIBBiMHOIICHHS 122, 1 HalOUIbIIE MKOBE
cuniBBigHomeHHss T21. Pe3ynpTaT CHOpUYMHMB 3MEHIIEHHS KUIBKOCTI BOJIM, TICHO
MOB’s13aHO1 3 OUIKaMH Ta MaKpOMOJICKYJISIPHUMH KOMIIOHEHTaMH, 3HWKEHHS PyXJIHBOCTI
BOJIM Ta 30UIBIIICHHS BOJIOYTPUMYBAJIBHOI 3JJaTHOCTI Ta BMICTY 3B’si3aHOi BOJM. JlomaHwuii
130J1T coeBOro Oinka Ta 00poOKa BUCOKUM THUCKOM CIIOBUIBHIIIA TEPMIUHY JEHATYpAIlito
OUIKIB M’sica Ta 3MEHIIWIN €(PEeKT MONEPEeIHBOrO TeNI0, CIPUIMHEHUN IeHATYpaIli€ro
xBOCTIB Mio3uHy 3 53 °C mo 59 °C. CtpykTypa o-cripaii 3MiHWIaca Ha B-1uiacTuHu, [3-
BUTOK 1 CTPYKTYpPY BHUIIQJIKOBOi CITipaii, KOJM JOJadu 130JIST COEBOro OLIKa, 1 BMICT
BUITAJIKOBOI CTPYKTypH cmipaii 3Ha4uHO 30utbmuBes (P <0,05) 31 30UIbIIEHHSM 130JI4TY
coeBoro Ou1ka. 30KkpeMa, BMICT BHITQJIKOBOI CTPYKTYpH cripaii 3HayHO 30uibimBcs (P
<0,05) 3 11,42 +£0,26% mo 14,22+0,29% 31 301IBIIICHHSAM 130JIATY COEBOTO OLTKa. 3arajiom,
nonaBaHHs 2% 130JIITY COEBOTO OUIKa MOXKE TMOKPAIIUTH TEXHIKO-(DYHKI[IOHAIbHI
BJIACTUBOCTI Ta CTAOUIBHICTh €MYJIbCli CBUHAYOTO (apily 31 3HUKEHUM BMICTOM COJII MPU
00pOoOI1l BUCOKUM TUCKOM.

VY derBepTOMY PO3ALT MPEACTABICHO PE3yJIbTAaTH BIACHOTO JOCIHIJKEHHS BILUTUBY
130JITy CO€EBOTO OUIKa Ha BIACTHBOCTI TEII0 Ta BOJOYTPUMBAIBHY 3/1aTHICTh
Mi0(pi1OpWISIpHOTO OLIIKY CBUHHMHHM 31 3HIDKEHMM BMIcTOM codil (1% xyopumy HaTpiro) mif
gac oOpoOKH BHCOKMUM THCKOM. CBUHSUMI MiODIOpWISIpHUI O1710K Ta 130JI9T COEBOTO
01/Ika BUKOPHCTOBYBAIIU SIK CHPOBHUHY, 1 TPU CHUCTEMHU Mi0(iOpHISIPHOTO CBUHSIYOTO OiIKa
31 3HIKEHUM BMicTOM codi 3 0%, 2%, 4% i3omsTy coeBoro Outka rotyBanu mpu 200 MIla
npotsirom 10 XBUIMH BIANOBIAHO. BHMiproBanu TEKCTYpy, PEOJOriyHI BIACTHBOCTI,
CynbQTiAPUIbHI TPYNU Ta CTaH PO3MOAUTY BOIW MiOpIOpWISIpHUX OITKOBUX CHUCTEM
CBUHUHHU 31 3HIHKEHUM BMICTOM COJi 3 pI3HUM 130519TOM coeBoro Ouika (0,2% ta 4%) mia
gac 00poOku BucokuM TrckoM (200 MIla, 10 xB). Pe3ynbratn mokasanu, mo 3Ha4eHHS L*,
BUXIJ] MPU BapiHHI, TBEPHICTb, 3arajbHUN 1 PEaKTUBHUHN CyIbQriApui, IMOBEPXHEBA
riapodoO6HicTs 1 3HaYeHHS G' ipu 80 °C cBUHAYOTO MioiOpusipHOro Oi/Ka OYIM 3HAYHO
30utbieHi (P <0,05) nmpu nomaBaHH1 130JIATY COEBOTO OUTKA; OJHAK MPY>KHICTh, KOTe3isl Ta
PO3KOBYBAHICTh TeliB 3 4% 130J5TOM COEBOTO OUIKA Oy HIDKYMMU, HDK Yy TemiB 3 2%
130J19TOM co€Boro Oinka. Tpu cucteMu CBUHAYOTO Mio(DiOpuisspHOTO OiKa 31 3HIKEHUM

BMICTOM COJII TOKa3ajlu TUMOBY KpuBY G' CBHHAYOTO Mio(iOpUIsipHOro OUIKa MicCIs
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00pOOKM BUCOKHM THUCKOM 3 TpboMa (azamu, oueBugHumMHu BiJ 20 °C go 80 °C. IIpu 80 °C
3HayeHHs G’ 3pa3kiB, 10 JgociimkyBanucs, cranoBwim 2380 Ila, 2791 Tla Ta 3113 Ila
BiAMOBITHO. Peosiorivunai maHi mokazayid, M0 TEpMidHA CTaOUTBHICTH MiodiOpHIIpHOTO
Oinka Oyna WiABUINEHA MpU JOAaBaHHI 130JTYy coeBoro Ouika. [loyaTkoBuii yac
penakcarii T2b, T21 1 T22 6yB ckopouennii (P <0,05) mpu momaBaHHI 130JI5Ty COEBOTO
Oinka, ayie BiH 3MEHIITYBaBCS 31 30UTBIICHHSIM 130JISTY COEBOTO O17Ka; THM YacoM, ITIKOBI
ciiBBigHomeHHss P2b 1 P22 Oynu 3nauno 3HmwxkeHi (P < 0,05) mpu gonaBaHHi 13075TYy
COEBOTO OLIKa, TOJI SIK MiKoBe criBBigHOIIEHH P21 O6yno 3nauno 36unbmeno (P < 0,05),
IO O3Hayae€, II0 BMICT 3B'3aHOI 1 BLIBHOI BOJA 3HHU3MBCA, a I1IMMOOIJII30BaHOI -
30UThIIMBCA. 3arayioM, 2% 130JITY COEBOTO OlIKa MOXKE IMOKPAIIUTH XapaKTEPUCTUKU
refil0 Ta BOAOYTPUMYBAJIbHY 3HaTHICTb CBHUHAYOTO Mio(iOpuisipHOro Oidka mpu
3HAYEHHSX TUCKY 00poOku Hmkue 200 MIa.

[T’ atuil po3a1a MICTUTh MaTepiaiy, MO0 €KCIEPUMEHTATBHUX JAOCIIKEHb, B SIKHX
SK CHPOBHHY BHUKOPHCTOBYBAJIM M SCO CBHHHHH Ta COEBUH OULIKOBUH 130JIT, TOTYBaJIH
II’SITh CBUHSYHMX 3pa3KiB 31 3HIKEHUM BMICTOM codi (1% xmopuay HaTpito) 3 2% coeBoro
611KoBOTO 130J1TY Ta 00po0su TuckoM 0,1-400 MIla npotsirom 10 xBunmuH npu 1042
°C BIANMOBIAHO. bByllo BHBYEHO BIUIMB PI3HUX THUCKIB Ha TEXHIKO-(QYHKIIIOHAIBHI
BJIACTUBOCTI, PO3MOAUI Ta PYyXJUBICTh BOJAU Yy CBUHSYOMY Gapiii 31 3HIKEHHUM BMICTOM
COJIi, 32 YMOBH JOJIaBaHHS 130JIATy COEBOTO OinKa, a Takok pH, BiacTWBOCTI Telmto,
peosorito. Pe3ynbratu mokasanu, mo mopiBHSHO 31 3paskom 0,1 MIla pH, Buxiax npu
BapiHHI, BIACTUBOCTI TeKcTypHu Ta 3HadeHHSI G’ mpu 80 °C Oynu 3HauHO 301bIICHI (P
<0,05) y dapmi, o6podieromy pizaumu Tuckamu Big 100 MIla mo 400 MIla, BiamoBimHi
novatkoBi nepioau penakcarii T2b, T21 1 T22 Oynu mBuamumu (P <0,05), mo o3Hauae,
10 BOJIa Y MPUTOTOBAHMX 3pa3Kax, 0OpOOJIEHNX PI3HUM THCKOM, Oyla Kpaiie 3B’s3aHa.
[Ipu pomy Bci kpuBi 3MiH Ha G’ Oynau MOAIOHUMHM 1 MaJM TUIIOBY KPUBY JUHAMIYHOI
peosiorii 3 TpboMa (azamMH, COPUYMHEHUMHU JACHATypalli€lo OLIKIB M’sica TiJ 4ac
HarpiBanHs. [Ipu upomy 3pasku, oOpoOieni 200 MIla ta 300 MIla, manu HaiiBuiie
3HaueHHsa L*, BUXiJ mpu BapiHHI, BIACTUBOCTI TeKCTypu Ta 3HaueHHs G’ mpu 80 °C, Toxi
SK TTIOYaTKOBUH Tiepion penakcaiii T2b, T21 ta T22 6y naiikopormuMm (P <0,05) i1 mikose

criBBigHOIIeHHS P21 O6yno HanOuemuM, a P22 — nalimenmmm. HaBnaku, 3pasku 0,1 Mlla
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i 100 MIla mamu HaliMeHIe TiKoBe CcIiBBigHOMEHHS P21 1 Haibumeme TmikoBe
ciiBBigHomeHHs P22, TakuM ynHOM, HAAMIPHHUM THCK MPU3BIB JI0 MOTIPIICHHS CTPYKTYPH
reflf0 Ta MepeMilleHHs OUTBIIOT KITPKOCTI BOAM, IIO MPHU3BEIO M0 30UIbIICHHS BIIBHOI
BOJIM Ta 3MEHIIEHHS IMMOO11130BaHo1 BoAM. 3araioM, oOpoOka trickom 200 MIla ta 300
MIla mMoxe MOoKpamMTH Tenenoi0HI BIACTUBOCTI (papIry 31 3HWKEHUM BMICTOM COJIi 3
130JIITOM CO€BOTO O17TKa, 3HU3UTH PYXJIUBICTh BOJH Ta 301IBIIATH IMMOOLTTI30BaHy BOY.
[locTuit po3aia MPUCBSIUYEHO EKCIIEPUMEHTAIBHUM JOCTIDKEHHSIM B SKUX, SK
CHUPOBHHY, BUKOPUCTOBYBAJIM M SICO CBUHUHHU Ta COEBUI OLTKOBHI 130JISIT 1 TOTYBaIH JBa
MacTepU30BaHl CBUHAYl 3pa3KW 31 3HIKEHUM BMicToM codii (1% xmopuay HaTpio) 3
coeBuM O11KOBUM 1307151TOM (0 1 2%), siki 006po6ssimu ipu 200 MIla npotsirom 10 XBuiivH
npu 10+£2 °C BIigmoBIAHO 10 PO3pOOJICEHOT amapaTypHO-TEXHOJOTIYHOI cxeMu. Brmus
JI0JTaBaHHS 130JI5ITY COEBOTrO OLTKA Yy MO€EAHAHHI 3 0OpPOOKOI0 BUCOKHMM THCKOM Ha SIKICTh
TeJIF0 TTACTEPU30BAHOTO CBUHSIYOTO (hapiry 31 3HIKCHHM BMICTOM COJi, IO 30epiraBcs
IpU XOJOJHIA TEeMIIepaTypi, BUBYAIM LUISXOM aHaji3y 3MIH y 3arajJbHUX BTpaTax HpH
30epiranHi, TBARS, pH, xapakrtepucThkax KOJbOpY Ta TEKCTYpH IacCTEPU30BAHOIO
CBUHSYOTO (papiry 31 3HMKEHUM BMICTOM COJIi Ta 3 PI3HUM BMICTOM 130JI5ITY COEBOTO O1JIKa,
o0pobnenoro tuckoM 200 MIla mix vac xonogHoro 306epiranns (0-60 nuiB). Pe3ynbratu
nokaszanu, 1mo BTpaTu mpu 30epiranHi, TBARS, pH, 3nauenns L* 1 TBepaicTh 3pa3KiB
3nayHo 3pociu (P < 0,05) 31 30UIbIIEHHSIM Yacy XOJOJHOTO 30epiraHHs, 3a BUHATKOM
3pa3kiB 3 2% 130JIITOM COEBOTO Oisika, siki 30epiranucs npotsrom 60 mi6. Ilpu upomy,
npotsrom mepmux 30 mi6 He Oylo BHUSABICHO ITOKA3HUKIB Oyab-sKOI MAaTOTeHHOI
MikpoduiopH, aje siki OyJM 3apeecTpOBaHi, KOJIM TPUBATICTh 30€piraHHs 301IbIIMIACS 10
60 116. /liana3oH KoJMBaHb BTpaT Mpu 30epiranHi, MikpoOionoriyHi nokaznuku, TBARS,
pH, xKombopy Ta TeKCTypH TSl 3pa3kiB 0€3 130JTy COEBOTO Oika OyB OUTBIITUM, HIK IS
2% 13omaTy coeBoro Ouika. 3arasiom noaaBaHHS 2% 130JIITY CO€BOro OUTKa MOXKeE
MOKPAIIUTH BJIACTUBOCTI TENI0, 3JAaTHICTh yTPUMYBAaTH BOAY Ta JKHpP 1 TaJIbMyBaTH
PO3MHOKEHHSI MIKpPOOIB y IMacTepU30BAHOMY MPOJIYKTI 31 3HIXKEHUM BMICTOM COJI1 T1J 4ac
XO0JIOJHOTO 30epiraHHs. 30KpeMa, 3aCTOCOBYIOYM TEXHOJIOTIIO JJOJIaBaHHS 130JI1Ty COEBOTO

0ika Ta 00p0oOKY BHCOKMM THCKOM JUISI BAPOOHMIITBA MMACTEPU30BAHOTO CBUHAYOTO KIISIPY
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31 3HUKEHUM BMICTOM COJIi, HOrO BUXI1J] MIPU BapiHHI, BJIACTUBOCTI TEKCTYPHU Ta CTPYKTYPY
reno Oynu 3HayHo 30ubiIeHo (P <0,05), a Takok yCHinHo 3MEHIIeHO BMICT codii 10 1 %.

BianoBigHO 0 BUIE3a3HAYEHUX JOCTIKEHb po3pobsieHa TexHomoriuHa cxema
BUPOOHMIITBA MACTEPU30BAHOTO MAJIOCOJIOHOTO (apiry 13 CBUHHUHU 3a TEXHOJOTIEIO
JI0JTaBaHHS 130JIATY CO€EBOTO OiKa Ta 0OPOOKH BHUCOKHUM THCKOM, IO € OCHOBOIO IS ii
MOMYJISIPU3aLlii Ta 3aCTOCYBAHHS HA MMANPUEMCTBAX.

3a po3po0JIEHOI0 TEXHOJOTIEI 31HCHEHO MacoBe BUPOOHUIITBO Ha 3 3aBOJax y
Kurai mist BUpOOHMILITBA €MYJbCIMHMX M’SCHHX IMPOAYKTIB 31 3HM)KEHHM BMICTOM COJI
(1% xnopuay HaTpito), TakuxX AK (PpHUKAJEIbKU, TallBaHChKa KoBOaca Ta koBOaca s
CHIZJaHKY. BrpoBamkeHHS TEXHOJOTii JUIsi BUPOOHUIITBA MACTEPU30BAHOTO CBUHSYOTO
dapury 31 3HIKEHHM BMICTOM COJI Jall0 MOXKJIMBICTH 3HAYHO 30UTBIINTH HOTO BUXIJ,
MOKPAIIUTH TEKCTYpy Ta CTPYKTYypy Telto, a BMICT coii 3HuU3uTH 10 1%. Takox
TEXHOJIOTisl TIOKa3ajga BHCOKY COIIAJbHO-CKOHOMIUHY edeKTuBHICTh. Hampukian,
BUPOOHUITBO | TOHHU MPOAYKTY, TOPIBHSHO 3 TPAAMIIMHOIO OOPOOKOI0, MOXKE
npu6an3HO Ha 20-30 KUIOBAT-TOJUH 3MEHIIIUTU CTIOKUBaHHS ellekTpoeHeprii Ta Ha 0,8-1,5
TOHHU - BUKOPHCTaHHS TPOTOYHOI BOJW; BMICT COJi B I[bOMY MPOAYKTI CTaHOBHTH
npu6au3Ho 1%, o npubauzHo Ha 40% HIbKYe, HK Y TPAAULIMHUX TPOAyKTaX. 3TiTHO 3
HalllUMU pO3paxyHKamH, KOJM crokuBadi 3’ifaroTh 100 T Takoro mpoaykTy, 1€ MOXKE
3MEHIINTH cIioKuBaHHs coui Ha 0,8 r, a BmicT Oinka 30u1bmuTH Ha 0,60%~0,85%; mis
BUPOOHMIITBA TOHHHU MPOAYKTY MOTpiOHO Ha 5%~8% MeHImIe yacy, 110 MPU3BOJIUTH 0
MIJBUIIEHHA MNPOAYKTUBHOCTI, 30LIBIIEHHS BHKOPHUCTAHHS LEeXy Ta OOJaJHAHHS Ta
3HWKEHHS aMopTH3alii I1exy Ta oOOJIalHaHHS; BHUX1J MPOAYKTY MIABUIIMBCS Ha
3,66%~5,53%. Hapemri, BurotoBiaeHHs: 1 ToHHU QpUKaIETHOK MOXKE 3a0IIaauTu 96,42—
118,66 non. CILA; BupoOHunTBo 1 TOHM TaiiBaHChKOi KoBOacu — $80,37~$96,07;
BUPOOHUIITBO | TOHM TaiBaHCBhKOi kKoBOacu — 96,42—103,12 gon. 3 BHIIE3a3HAYEHOTO
BHUIUTMBAE, IO M’SICHI KOBOACKHM 31 CBHHHMHHM 3 130JIITOM CO€BOTo Oijika, 0OpoOJIeHi
BUCOKMM THUCKOM, JOIJIBHO BUKOPUCTOBYBATH [IJIi 3HUKEHHS BMICTY HATpIIO B
M’siconepepoOHiil MPOMHUCIOBOCTI.

Y JlomaTKky HaBEJCHO KIIOUOBI MOMEHTH TEXHOJOTil BHUpPOOHUITBA (apiry 3i

CBHHMHHU 31 3HWKEHHUM BMICTOM COJII 32 TEXHOJIOTI€I0 BHCOKOTO THCKY Ta IIO€IHAHH:A
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13051Ty coeBoro Oinka, a Takox Caimonrsa 3 3 3aBoziB y Kutai (Henan Zhongpin Food
Industry Co. LTD; Hua County Ji Xianda Food Co. LTD; Nanjing Huang Professor
Science and Technology Food Co. LTD), o miaTBepaKyrOTh BUPOOHUIITBO €MYIbCIITHIX
M’SICHUX TPOAYKTIB 31 3HIDKEHUM BMicToM coiii (1% xyopuay HaTpiio), TakuX SK
bpukanensku, TailBaHChKa KOBOaca Ta KoBOaca JIsl CHIJTaHKY.

KirouoBi cjioBa: i3074T coeBoro Oisika, BUCOKHH THUCK, (papii 31 CBUHWUHH, TEb,
3HIDKEHHM BMICT COJIi, PEOJIOTIUHI BJIACTUBOCTI, PEAKIIMHO3AATHUM CYIb(TiapU,

BTOPUHHA CTPYKTYpa, CTablIbHICTh eMylbeii, AMP y cmabkomy modi.
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«Production and technology». Sumy National Agrarian University, Sumy, 2022.

The dissertation is devoted to the technology of reduced-salt pork batters using soy
protein isolate and high pressure processing.

In the introduction obtained that excessive salt intake could lead to hypertension,
cardiovascular and cerebrovascular diseases and other chronic diseases, the salt reduction
has become a global consensus for the control of chronic diseases. The World Health
Assembly formally adopted “a relative 30% reduction in salt intake by 2025” as one of
nine voluntary global targets for the prevention and control of Non-communicable
diseases. At present, nearly half of the countries in the world have launched national salt
reduction guidelines or actions, and developed their own industrial salt reduction
guidelines. However, the traditional emulsion meat products contain higher salt, because
salt soluble protein dissolution at a high salt concentration (> 0.3 mol/L) is a key step in
the formation of the good gel structure. Directly decreases the concentration of salt,
reduces the amount of salt soluble protein extraction and dissolution, degradation of heat-
induced meat gel structure. It is necessary to find new technologies for reduced-salt
emulsion meat products that can solve the problem of the emulsion meat products having a
higher cooking loss, and worse gel properties when reduced salt content.

The high pressure processing can effectively change the protein structures and
techno-functional properties in the meat products, and retain the nutrition and flavour. The
ability of high pressure processing to inactivate microorganisms and denature proteins has
been known for over one hundred years. The changes in protein structures, conformations,
and gel properties are closely related to the pressure levels, time and temperature, so the
high pressure processing condition is an important research direction. The application of
high pressure processing offers some interesting opportunities in the processing of muscle-
based food products, such as the high pressure can affect the texture and gel-forming

properties of meat batters and myofibrillar proteins, the tenderize, colour and other
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properties of muscle. The processing effects on muscle based products are highly
dependent on the primary effects of pressure, time and temperature on the relevant
thermodynamic and transport properties of meat systems. Especially, high pressure
processing improves the properties of muscle, comminuted meat and myofibrillar proteins,
and the use of moderate pressure treatment of pre-rigor meat seems to have potential since
the meat will be tender and look normal colour. Reasonable high pressure processing
enhances the water holding capacity and texture of comminuted meat, but the products
lack the cooked appearance and potential for accelerated loss of flavour. Meanwhile, it
improves the quality of reduced-salt meat products through affecting the non-covalent
bond, covalent bond and protein conformation of myofibrillar proteins, the water holding
capacity and texture of myofibrillar proteins will be increased produce by the moderate
pressure treatment.

The protein content of soy protein isolate is more than 90%, it is a high-quality plant
protein food raw material. Its functional properties can be divided into three categories:
interface properties, hydration properties, and properties related to protein-protein
interactions, including precipitation, aggregation, and gel properties. On this basis,
hundreds of countries in the world have developed thousands of food products containing
soy protein in recent years. The globulin of soy protein has a closely globular structure, the
molecular weight is small, and active group packages within the molecule, and some
methods of modification are difficult to effectively change the structure and improve its
functional characteristics. The changes in techno-functional properties of soy protein by
high pressure processing, such as emulsion properties, water holding capacity, and gel
properties are increased or decreased with the changes in the pressure levels, time and
temperature. Soy protein and its modified products are widely used in meat products,
protein drinks, dairy products, baked products and other foods due to their prominent
functional properties. They play an important role in supplementing protein,
supplementing the nutrition of multiple types of protein, reducing the intake of animal
protein, and giving food health care functions. Especially, the proper pressure treatment of

soy protein increases the water holding capacity, improves gel and emulsion properties by
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affecting the non-covalent bond, covalent bond and protein conformation, and also reduces
the allergenicity of soy proteins in infant formula.

Thus, the application of high pressure processing and soy protein isolate to modify
the properties of meat products, increases the water- and fat- holding capacity and qualities
of reduced-salt pork batters, and it also meets the basic principle of food processing.
Therein, the relevance and feasibility of using high pressure processing and soy
protein isolate combinations for producing reduced-salt pork batters to improve the water-
and fat- holding capacity, and qualities have been proved. The result provides a theoretical
basis for our experimental design.

Purpose of the research is scientific substantiation and development of the
production and processing of reduced-salt pork batter products using the technology of
high pressure processing and soy protein isolate combination, and to explore the
mechanism of reduced-salt pork batter products by high pressure processing and soy
protein isolate combination. Subject of research contain chilled pork longissimus
lumborum, pork myofibrillar protein, reduced-salt pork batter, soy protein isolate, high
pressure processing, high pressure and soy protein isolate combination, pasteurized
reduced-salt pork batter produced using high pressure and soy protein isolate combination
and stored at cold temperature. Object of research is the production of reduced-salt pork
batter using the technology of high pressure processing and soy protein isolate
combination, which has better water holding capacity, gel properties, sensory quality and
longer shelf-life, obtains a novel method to produce high quality reduced-salt pork batter,
such as reduced-salt sausages and meatball.

In the second section, the methodological approaches adopted in the dissertation work
include theoretical research, raw materials and ingredients, experiment methods, practical
testing, technology promotion, and subordinate various methods of research for the only
goal decision set in the dissertation work scientific problem.

In the third section, the chilled pork meat and soy protein isolate were used as raw
materials, three batters with 0%, 2%, and 4% soy protein isolate were prepared under 200
MPa for 10 min, respectively. The changes of colour, cooking yield, emulsion stability,

rheological property and protein secondary structure attributes of pork meat batters (1%
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sodium chloride) treated by high pressure processing with different soy protein isolate
were analysed, the effect of high pressure processing and soy protein isolate combinations
on the water holding capacity, techno-functional properties and protein conformation of
reduced-salt pork meat batters were investigated. The result showed that the effect of high
pressure processing and soy protein isolate combinations on the gel properties, rheological
property and protein conformation of pork batters were significant differences. The pH, L"
and b* values, cooking yield and hardness, cohesiveness and chewiness, and G' values at
80 °C were significantly increased (P < 0.05) when soy protein isolate was added, but the
a” value, TR, WR and FR were significantly decreased (P < 0.05). Meanwhile, the TR,
WR and FR, G' values at 80 °C were significantly decreased (P < 0.05) with the increase
in soy protein isolate. Thus, the 2% soy protein isolate addition could improve the water
holding capacity and texture of pork batters treated under 200 MPa. The result of low-field
NMR showed that the cooked pork batters made with soy protein isolate were bound
tightly, because of the changes of fast relaxing protein and slowly relaxing water protons.
The initial relaxation times of Tz, T21 and T2 were quicker (P < 0.05) in the cooked pork
batters with soy protein isolate than that of the sample without soy protein isolate, and the
cooked pork batters had the smallest peak ratios of T2, and the largest peak ratio of Tai.
The result caused the water tightly associated with protein and macromolecular
constituents to decrease, the mobility of water was reduced, and increased the water
holding capacity and bounded water content. Added soy protein isolate and treated by high
pressure processing delayed the thermal denaturation of meat proteins and declined the
pre-gel effects generated by the denaturation of myosin tails from 53 °C to 59 °C. The a-
helix structure changed into B-sheet, B-turn and random coil structures when soy protein
isolate was added, and the random coil structure content was significantly increased (P <
0.05) with the increase in soy protein isolate. Especially, the content of random coil
structure was significantly increased (P < 0.05) from 11.42 £0.26% to 14.22+0.29% with
the increase in soy protein isolate. Overall, the 2% soy protein isolate addition could
improve the techno-functional properties and emulsion stability of reduced-salt pork meat

batters treated with high pressure processing.
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The fourth section presents the results of our own research on the effects of soy
protein isolate on gel properties and water holding capacity of reduced-salt (1% sodium
chloride) pork myofibrillar protein under high pressure processing. The pork myofibrillar
protein and soy protein isolate were used as raw materials, and three reduced-salt pork
myofibrillar protein systems with 0%, 2%, 4% soy protein isolate were prepared under 200
MPa for 10 min, respectively. The texture, rheological property, sulthydryl groups, and the
water distribution state of reduced-salt pork myofibrillar protein systems with different soy
protein isolate (0, 2% and 4%) under high pressure processing (200 MPa, 10 min) were
measured. The result showed that the L™ value, cooking yield, hardness, total and reactive
sulfhydryl, surface hydrophobicity, and the G' value at 80 °C of pork myofibrillar protein
were significantly increased (P < 0.05) when soy protein isolate was added; however, the
springiness, cohesiveness, and chewiness of gels with 4% soy protein isolate were lower
than of gels with 2% soy protein isolate. Three reduced-salt pork myofibrillar protein
systems exhibited a typical G' curve of pork myofibrillar protein after high pressure
processing with three phases evident from 20 °C to 80 °C. At 80 °C, the G’ values of the
treatments were 2380 Pa, 2791 Pa, and 3113 Pa, respectively. The rheological findings
indicated that the thermal stability of the myofibrillar protein was increased when soy
protein isolate was added. The initial relaxation times of T2y, T21, and T22 were shortened
(P < 0.05) when soy protein isolate was added, but they were decreased with the increase
in soy protein isolate; meanwhile, the peak ratios of P, and P were significantly
decreased (P < 0.05) when soy protein isolate was added, whereas the peak ratio of P»;
was significantly increased (P < 0.05), implying that the bound and free water was
declined, and the immobilized water was increased. Overall, the 2% soy protein isolate
could enhance the gel characteristics and water-holding capacity of pork myofibrillar
protein under 200 MPa.

In the fifth section, the pork meat and soy protein isolate were used as raw materials,
five reduced-salt (1% sodium chloride) pork batters with 2% soy protein isolate were
prepared under 0.1-400 MPa for 10 min at 10+2 °C, respectively. The effects of different
pressures on the techno-functional properties, water distribution and mobility of reduced-

salt pork batters supplemented with soy protein isolate were examined, and the pH, gel
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properties, rheology, water distribution and mobility of reduced-salt pork batters were
measured. The result showed that compared with the sample of 0.1 MPa, the pH, cooking
yield, texture properties and G’ values at 80 °C were significantly increased (P < 0.05) in
the batters treated by different pressures from 100 MPa to 400 MPa, a corresponding of
the initial relaxation times of Ta, T21 and T2 were faster (P < 0.05), implying that the
water in the cooked batters treated by different pressures were tied closer. Meanwhile, all
the curves of the changes on G’ were similar, and they had a typical curve of dynamic
rheology with three phases caused by the meat proteins denaturation during heating.
Therein, the samples treated by 200 MPa and 300 MPa had the highest L” value, cooking
yield, texture properties and G’ values at 80 °C, while the initial relaxation times of Tap,
T21 and T2, were shortest (P < 0.05), and the peak ratio of P»; was the largest and the P2
was the smallest. To the contrary, the samples of 0.1 MPa and 100 MPa had the smallest
peak ratio of P»; and the largest peak ratio of P2,. Thus, excessive pressures led to the gel
structure being worse and more water moving, causing the free water to increase and the
immobilized water to decrease. Overall, treatment by 200 MPa and 300 MPa could
improve the gel properties of reduced-salt batters with soy protein isolate, lower the water
mobility and increase the immobilized water.

In the sixth section, the pork meat and soy protein isolate were used as raw materials,
and two pasteurized reduced-salt (1% sodium chloride) pork batters with soy protein
isolate (0 and 2%) were prepared under 200 MPa for 10 min at 10+2 °C according to the
operation key points of “Production process and operation key points of produce reduced-
salt pork batter using the technology of high pressure and soy protein isolate combination”,
respectively. The effects of soy protein isolate and high pressure processing combined on
gel qualities of pasteurized reduced-salt pork batter stored at cold temperature were
studied, through analysing the changes in storage loss, total, TBARS, pH, colour and
texture characteristics of pasteurized reduced-salt pork batters with different soy protein
isolate treated under 200 MPa during the cold storage (0-60 days). The results showed that
storage loss, TBARS, pH, L® value, and hardness of pork batters were increased
significantly (P < 0.05) with the increase in the cold storage time, except the samples with

2% soy protein isolate were stored at the 1st and 30th days. Meanwhile, the total plate
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count of samples were not detected before the 30th day, while significantly increased at
the 60th day. The range of storage loss, microbial, TBARS, pH, colour and texture
properties variations from the samples without soy protein isolate were larger than that of
2% soy protein isolate. Overall, adding 2% soy protein isolate could improve the gel
properties, water- and fat- holding capacity, and reduce the microbial reproduction of
pasteurized reduced-salt pork batter during cold storage. Especially, applying the
technology of soy protein isolate and high pressure processing combined to produce the
pasteurized reduced-salt pork batter, its cooking yield, texture properties and gel structure
were increased significantly (P < 0.05), and successfully reduced the salt content to 1%.
According to the above research, “The technological scheme of production in
pasteurized reduced-salt pork batter using the technology of soy protein isolate and HPP
combined”, “The composition of the technological system and the purpose of its structural
operation elements”, and “Technological scheme of pasteurized reduced-salt pork batter
using the technology of soy protein isolate and HPP combined” were formulated. They
provided a basis for the popularization and application of this technology in enterprises.
The technology has carried out mass production in 3 factories in China to produce
reduced-salt (1% sodium chloride) emulsion meat products, such as meatballs, Taiwan
sausage and breakfast sausage. Apply the technology to produce the pasteurized reduced-
salt pork batter, its cooking yield, texture properties and gel structure were significantly
increased, and successfully reduced the salt content to 1%. Meanwhile, the technology has
produced good socio-economic effectiveness. Such as, producing 1 ton of product can
reduce electricity by about 20~30 kilowatt hours and 0.8~1.5 tons of running water
compared with traditional processing; the salt content of this product is approximately 1%,
which is about 40% lower than that of traditional products. According to our calculations,
when consumers eat 100 g of this type product, which can reduce their salt intake by 0.8 g,
and the content of protein is increased by 0.60%~0.85%; it takes 5%~8% less time to
produce a ton of product, resulting in higher productivity, increased workshop and
equipment utilization, and reduced workshop and equipment depreciation; the cooking
yield of product was increased by 3.66%~5.53%. Finally, producing 1 ton of meatballs can

save you $96.42~§118.66; producing 1 ton of Taiwan sausage can save you
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$80.37~%$96.07; producing 1 ton of Taiwan sausage can save you $96.42~$103.12. From
the above, we can know that the pork meat batters with soy protein isolate treated by high
pressure processing should be adopted for lowering sodium content in the meat processing
industry.

The Appendix provides the Operation key points of “Production process and
operation key points of produce reduced-salt pork batter using the technology of high
pressure and soy protein isolate combination”, and the Application Testify of 3 factories in
China (Henan Zhongpin Food Industry Co. LTD; Hua County Ji Xianda Food Co. LTD;
Nanjing Huang Professor Science and Technology Food Co. LTD) to produce reduced-salt
(1% sodium chloride) emulsion meat products, such as meatballs, Taiwan sausage and

breakfast sausage.

Keywords: soy protein isolate, high pressure, pork batter, gel, reduced-salt,
rheology properties, reactive sulfhydryl, secondary structure, emulsion stability, low-field

NMR.
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INTRODUCTION

Relevance of the topic.

Based on the fact, that excessive salt intake can lead to hypertension, cardiovascular
and cerebrovascular diseases and other chronic diseases, the salt reduction has become a
global consensus for the control of chronic diseases. The World Health Assembly formally
adopted “a relative 30% reduction in salt intake by 2025” as one of nine voluntary global
targets for the prevention and control of Non-communicable diseases. At present, nearly
half of the countries in the world have launched national salt reduction guidelines or
actions, and developed their industrial salt reduction guidelines.

The World Health Organization (WHO) suggested the intake of salt for adults at 5-6
g/ day, and the intake of salt from meat and meat products accounts for 16-25% of the total
intake (Zhang et al., 2017). For years, the demand for the emulsion meat products, such as
sausages and meatballs, are increasing rapidly, which has enjoyed wide consumer
acceptance in certain sections of the global population. However, the traditional emulsion
meat products contain higher salt (approximately 2%), because salt soluble protein
dissolution at a high salt concentration (> 0.3 mol/L) is a key step in the formation of good
gel structure (Kang, Li, Ma, & Chen, 2016).

According to the classical theory of meat gel, salt soluble protein must be extracted
and fully dissolved at an enough high concentration of salt to form a good meat gel
structure. Directly decreased the concentration of salt, reduce the amount of salt soluble
protein extraction and dissolution, degradation of the heat-induced meat gel structure.
Therefore, how to reduce sodium chloride and ensure the quality of emulsion meat
products is a difficult question. Some methods of reduce-salt have been studied, such as
used high pressure processing, and added soy protein isolate (Wang, Zhou, Wang, Li, Xu
& Chen, 2020; Li, Sukmanov, Kang & Ma, Kang, Zou, Meng & Li, 2021).

To reduced-salt in emulsion meat products, high pressure processing (high
hydrostatic pressure) has been reported by some researchers and achieved better results
(Dixon, Rabanser, Dzieciol, Zwirzitz & Wetzels, 2019; Maksimenko, Kikuchi, Tsutsuura

& Nishiumi, 2020; Wang, Zhou, Wang, Li, Xu & Chen, 2020; Li, Sukmanov, Kang & Ma,
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2020; Li, Kang, Sukmanov & Ma, 2021). However, using high pressure technology alone

to reduce salt also has many disadvantages, such as harsh high pressure conditions, and
difficulty to improve the texture properties, water- and fat- holding capacity of emulsion
products. Thus, the problems still need further study.

The high pressure processing is a kind of physical sterilization technology, it can
effectively change the protein structure and techno-functional properties in meat products,
and retain the nutrition and flavour. The ability of high pressure processing to inactivate
microorganisms and denature proteins has been known for over one hundred years. The
changes in protein structures, conformations, and gel properties are closely related to the
pressure levels, time and temperature, so the high pressure processing condition is an
important research direction.

Due to the structure of protein material component differences appeared different
degrees of compression deformation, when the deformation degree was large enough, it
may affect the combination between protein molecules formed, and cause the destruction
and restructuring, which affected the functional characteristics of the protein. Moreover,
protein conformation may bring better functional characteristics due to the sudden release
of pressure after pressure was withdrawn (Gao, Wang, Mu, Shi & Yuan, 2018; Xu, Zhang,
Wang & Liu, 2019; Wei et al., 2019). The high pressure processing played a key role in
forming the quality of the meat products, there were a few reports on reducing sodium
chloride in the meat products, but the mechanism of lowering sodium chloride was still not
completely understand (Jayathilakan, Sultana & Pandey, 2019).

Now, soybean cultivation has spread all over the world. Because of its high yield,
high protein content, rich nutrition and good functional characteristics, which has become
an important food resource for human beings, and is one of the world's most important
economic crops (Kinsella, 1979; Baum et al., 1998; Erdman, 2000; Shen, Liu, Geng,
Zhang, & Liu, 2018; Zhang, Luo, Wang, Li & Liu, 2020). Soy protein, especial soy
protein isolate, has good gel properties, water- and fat- holding capacity, and wildly used
in the meat products to improve the yield and quality (Brandenburg, Weller & Testin,
2010; Wu, Sun, Bi, Ji & Xing, 2018; Wolf, 2019). Since the addition of soy protein isolate

affects the quality of emulsion meat products, the influence of the addition of soy protein
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isolate on reduced-salt pork batter needs further study, in order to maximize the effect of

soy protein isolate.

The changes in techno-functional properties of soy protein isolate by high pressure
processing, such as emulsion properties, water holding capacity, and gel properties, were
increased or decreased with the changes in pressure levels, time and temperature,
following, the rheological properties, gel properties and the content of immobile water
were changed. Therefore, the aim of this study is to investigate the application of high
pressure processing and soy protein isolate combination to modify the properties of meat
products, increase the water holding capacity and texture of cooked gel meat products, and
then the use of high pressure and soy protein isolate combinations to emulsion meat
products could improve the quality and lower the salt content in the meat industry.

Connection of work with scientific programs, plans, and topics.

The work was carried out in accordance with the main directions of scientific
research of the Poltava State Agrarian University on the state budget topic "Innovative and
resource-saving technologies of food production" (No. SR 0115U006745), Sumy National
Agrarian University within the framework of scientific topics: China Postdoctoral Science
Foundation (2016M602237) “Effects of high pressure on gel properties of mixed pork
myofibrillar protein and soy protein isolate”, and Natural Science Foundation of Henan
Province (212300410344) “Modification of chicken myofibrillar protein with sodium
bicarbonate and the mechanism of gel formation”.

The Aim and Objectives of the study.

The purpose of the dissertation work is scientific substantiation and development of
the production and processing of reduced-salt pork batter products using the technology of
high pressure and soy protein isolate combination, and to explore the mechanism of
reduced-salt pork batter products by high pressure and soy protein isolate combination.

To achieve the main goal, it was necessary to solve a number of interrelated
tasks:

— to analyze literary sources in accordance with relevant production of reduced-salt

pork batter products using the technology of high pressure and soy protein isolate



31
combination, and discuss the feasibility of this technology to produce the reduced-salt

pork batter products.

— to investigate the changes in water holding capacity and texture of pork batters
(1% sodium chloride) with soy protein isolate (0%, 2% and 4%) used in the high pressure
processing (200 MPa, 10 min), obtain the effect of the optimum soy protein isolate
addition on water holding capacity and texture of reduced-salt pork batter.

— to study the changes of color, emulsion stability, rheological property and protein
secondary structure attributes of pork meat batters (1% sodium chloride) treated by high
pressure (200 MPa, 10 min) with different soy protein isolate (0%, 2% and 4%) according
to the changes of water holding capacity and texture of reduced-salt pork batter, obtain the
effect of the optimum soy protein isolate addition to improving the quality of reduced-salt
pork batter.

— to investigate the effects of different pressures (0.1-400 MPa), the pH, gel
properties, rheology, water distribution and mobility of reduced-salt pork batters (1%
sodium chloride) with soy protein isolate (2%) were studied and analyzed the changes of
techno-functional properties, water distribution and mobility of reduced-salt pork batters
with soy protein isolate as affected by pressures, and find the optimum pressure level.

— extract myofibrillar protein from the longus dorsi muscle of pork, then prepare a
mixture of myofibrillar protein (60 mg/ml) and soy protein isolate (0%, 2% and 4%) in a
mixed protein solution with 1% sodium chloride under high pressure (200 MPa, 10
minutes). To study the effect of adding various soy protein isolates on the texture,
rheology, sulfhydryl groups, and water distribution state of the mixed protein solution to
analyze the mechanism of salt reduction using high pressure technology and soy protein
isolate combination.

— develop technology to combine high pressure and soy protein isolate for use in the
production of reduced salt pork batter (1% sodium chloride), the study changes in storage
loss, total mass, TBARS, pH, color and textural characteristics of pasteurized reduced salt
pork batter with different soy protein isolate (0 and 2%) processed at 200 MPa during cold
storage (60 days), to analyze the effect of soy protein isolate and high pressure on the gel-
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like properties of pasteurized pork batter with reduced salt content, stored at cold

temperature, get quality changes during storage.

— to substantiate the parameters and shelf life of the pasteurized reduced-salt pork
batter, and to investigate the stability of basic quality indicators during cold storage.

— to develop and approve normative documents for the production of reduced-salt
pork batter using the technology of high pressure and soy protein isolate combination, and
make recommendations on its use in factory mass production.

— to determine the socio-economic effectiveness of scientific and technical
developments and implement the results of work in practical production.

Object research

— production of reduced-salt pork batter using the technology of high pressure and
soy protein isolate combination.

Subject of research

— chilled pork longissimus lumborum, pork myofibrillar protein, reduced-salt pork
batter, soy protein isolate, high pressure processing, high pressure and soy protein isolate
combination, pasteurized reduced-salt pork batter produced using high pressure and soy
protein isolate combination stored at cold temperature.

Research methods

Standard physicochemical, texture properties, low field nuclear magnetic resonance,
Raman spectroscopy, inoxidizability, sulthydryl groups, surface hydrophobicity, emulsion
stability, rheological property, microbiological, organoleptic, experiment planning
methods and mathematical processing of experimental data computer programs.

Scientific novelty of the obtained results

Consists in the theoretical and experimental substantiation of new technologies for
the production of reduced-salt pork batter using high pressure and soy protein isolate
combination, and obtain the products with lower salt content and higher organoleptic
properties and water holding capacity. The main contents are as follows:

— added 2% soy protein isolate and high pressure (200 MPa, 10 min) combinations
enabled to production the reduced-salt pork batter with better water holding capacity and

texture properties.
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— the 2% soy protein isolate addition could improve the pH, L* and b* values and

emulsion stability of pork meat batters treated by high pressure.

— added soy protein isolate and treated by high pressure delayed the thermal
denaturation of meat protein and declined the pre-gel effects generated by the denaturation
of myosin tails from 53 °C to 59 °C, and induced the a-helix structure to change into -
sheet, B-turn and random coil structures.

— treated by 200 and 300 MPa could improve the pH, cooking yield, texture
properties and G’ values at 80 °C of reduced-salt batters with soy protein isolate (2%),
lower the water mobility and increase the immobilized water.

— the 2% soy protein isolate addition could enhance the L™ value, cooking yield,
hardness, total and reactive sulthydryl, surface hydrophobicity, and the G' value at 80 °C
of pork myofibrillar protein under 200 MPa. On the other, the thermal stability of the
myofibrillar protein increased when soy protein isolate was added, and the water had
lower mobility.

— adding 2% soy protein isolate could improve the gel properties, water- and fat-
holding capacity, and reduce the microbial reproduction of pasteurized reduced-salt pork
batter during cold storage.

— the pork batters with soy protein isolate treated by high pressure processing should
be adopted for lowering sodium content in the meat processing industry.

Practical significance of the obtained results

Based on the results of theoretical and experimental studies developed by the
technologies of reduced-salt pork batter using the technology of high pressure and soy
protein isolate combination.

According to the development and approval of relevant procedures, the “production
process and operation key points of produce reduced-salt pork batter using the technology
of high pressure and soy protein isolate combination” was formulated.

Base on the situation of the factory, established the shelf life and storage method of
reduced-salt pork batter using the technology of high pressure and soy protein isolate

combination.
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According to market demand and factory requirements, the technology of high

pressure and soy protein isolate combination have carried out mass production in 3
factories to produce reduced-salt (1% sodium chloride) emulsion meat products.
Applicant's personal contribution is in planning an experiment, organization and
conduct of analytical and experimental research in laboratory and production conditions,
analysis, processing and generalization results, formulating conclusions and
recommendations, preparing materials for publication, developing and approval of
normative documentation, and introduction of new technologies into production.
Publication. Based on the results of the dissertation work, 10 articles were
published in scientific journals. 3 articles - in scientific publications are included in the
List of scientific professional publications Web of Science Core Collection Q1 - Q3 which
taking into account the Order of awarding the degree of Doctor of Philosophy is 6 articles;
3 articles in scientific publications included in the List of scientific professional
publications Scopus and Web of Science Core Collection; 1 scientific article in Ukrainian

scientific professional journal (category B).

Approbation of dissertation results. The main results of the dissertation were
presented at ASIA - PACIFIC CONGRESS OF MEAT SCIENCE AND TECHNOLOGY,
(2019); International scientific-practical conference "Development of food production,
restaurant and hotel facilities and trade: problems, prospects, efficiency", 2019; XV
International Youth Forum "Youth and Agricultural Machinery in the XXI Century" 2019;
XI International Scientific Conference of Students and Postgraduates "Technique and
Technology of Food Production" of Mogilev State University of Food", 2019; the third
international scientific-practical conference "Innovative aspects of the development of
equipment for the food and hotel industry in modern conditions", 2019; XX International
Scientific and Practical Conference. "Modern directions of technology of processes of
processing and food production", 2019; XIII International Scientific and Technical
Conference "Technique and Technology of Food Production", Belarus, Mogilev, 2020;
10" International Specialized Scientific and Practical Conference "Trends in Lean
Production and Packaging of Food Products: Materials", 2021; International scientific-

practical conference "Innovative technologies and prospects for the development of the
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meat processing industry ("Realities and prospects of meat processing "), 2021; All-

Ukrainian scientific-practical conference "Innovative and resource-saving technologies of
food production", 2021.

Structure and scope of the dissertation. The dissertation consists of an annotation,
introduction, 6 sections, conclusions, and a list of sources used, including 213 references
and appendices. Main content dissertation is laid out on 112 pages of printed text, and

contains 15 tables, 16 figures.



SECTION 1.
EFFECTS OF HIGH PRESSURE PROCESSING ON THE MEAT, MEAT

PRODUCTS AND SOY PROTEIN ISOLATE

High pressure processing (HPP) can be referred to as HPP or hydrostatic technology,
the water or other incompressible fluid mediums often act as mediators of pressure. During
the HPP, the pressure levels are generally not less than 100 MPa, the commonly used
range is 100-1000 MPa and can work in the temperature range of -20 °C to 90 °C. HPP
has the advantages of pressure uniform transmission, instantaneous, efficient, low energy
consumption, pollution little dyeing, and no obvious effects of low molecular compounds
such as Vitamins, pigments and flavor substances, etc. Therefore, HPP technology can
develop the appearance and new types of meat with different textures will be available in
meat processing and storage. At present, as far as we know, the application of HPP
technology in meat processing mainly includes improving meat quality, sterilization and
freezing and thawing of meat, such as improving meat tenderness, water and fat holding
capacity, fat oxidation, and gel properties. However, in order to realize the large-scale
application of HPP technology in meat processing, there are still many problems worthy of
in-depth discussion, and the research on these problems may be the key consideration in
the future. First, the HPP equipment needs a high investment, which has to solve the
problem of high cost, which seriously restricts the promotion of industrialization. Second,
the affecting factors of HPP is complex and diverse, including pressure levels, time,
temperature, pressure and the characteristics of raw materials, and so on. The effects of
HPP current research are not much, and need a lot of research in the long term.

The application of HPP offers some interesting opportunities in the processing of
muscle-based food products, such as, the HPP can affect the texture and gel-forming
properties of meat batter and myofibrillar proteins, the tenderize, colour and other
properties of muscle. The processing effects on muscle based products are highly
dependent on the primary effects of pressure, time and temperature on the relevant

thermodynamic and transport properties of meat systems. However, the pressure-labile
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nature of some meat protein systems, such as myosin or myoglobin often limits the range

of attractive commercial applications to prefermented and cooked meat products.

1.1 Effects of HPP on meat and meat products

1.1.1 The principle of HPP

The fundamental principles of the hyperbaric technique are the Pascaline law and
the Le Chatelier principle. Pascaline law takes advantage of the compression effect of HPP
on liquids, which means that the pressure applied to the liquid can be transmitted to all
parts of the system instantaneously at the same size. Therefore, dry food, powdery food or
granular food should not be used HPP. According to Pascaline law, the effect of HPP is
independent of the size, shape and volume of the food. In the process of HPP, the whole
food will be treated uniformly, the pressure transfer speed is fast, and there is no pressure
gradient. Therefore, the HPP of food is simpler, and the energy consumption is also
significantly reduced. According to Le Chatelier principle, the external pressure reduces
the volume of the pressurized system and vice versa. Therefore, the physical and chemical
reactions in food ingredients will be carried out in the direction of the maximum
compression state under the pressure treatment of food. The increase or decrease of the
reaction rate constant £ depends on whether the “active volume” of the reaction is positive
or negative. This means that HPP processed food will force the reaction system to reduce
the volume, affecting not only the reaction balance in the food, but also the reaction rate,
including chemical reactions and possible changes in molecular conformation.

1.1.2 Effects of HPP on the properties of muscle

Effects of HPP on the pH of muscle. The effects of HPP on the pH of meat
depended on pressure levels, time and temperature, muscle type and so on. The fresh meat
had a rapid pH decrease and an intense contraction after HPP. The main reason is that
pressurization induced contraction causes calcium release stimulating glycolysis, and the
changes in activity of phosphorylase, phosphorylase kinase and phosphorylase
phosphatase, which breakdown the regulation of glycogen during the HPP. The pH of red
meat, such as ovine and bovine muscles were decreased 0.6-0.8 unit after 100-150 MPa, I-
5 min at 35 °C. However, the pH of white meat, such as longissimus dorsi from rabbit had

a larger decrease than the masseter after 10 min pressurisation (Cheftel & Culioli, 1997).



38
The HPP also affected the ultimate pH of meat. The ultimate pH of pre-rigor pork

longissimus increased by 0.48 after HPP at 215 MPa (Souza et al., 2011). Simonin et al.
(2012) showed that the HPP of post-rigor muscles increased the ultimate pH of the meat.
The differences were caused by the different meat types and pressure conditions.

The post-rigor meat had a slight pH increase after HPP, and the pH increased with
the pressure levels increased. The reason might be that the exposure of acidic groups were
decreased due to conformational proteins denaturation during the HPP (Poulter et al. 2010).
The pH of porcine and bovine M. semimembranosus muscles slightly increased from 5.6
to 5.8 after 400 MPa at 20 °C for 10 min, and the pH of the post-rigor muscle slightly
increased from 5.4 to 5.6 under 100 and 400 MPa at 15 °C for 5 min, respectively
(Kwiatkowska et al., 2002; Kim et al., 2007). Ma et al. (2019) reported that the pH of yak
meat increased with pressure levels increased from 0.1 to 450 MPa. Morton et al. (2017)
found that the mean pH of the prime and bull caused a significant increase, and the cow
meat had a significant decrease under 175 MPa, and the mean pH of meat from all the
animal classes was significantly increased by 250 MPa treatment.

Effects of HPP on the colour of muscle. Meat colour is one of the most important
quality properties for the consumers in a purchase situation, which is determined to the
consumers purchase it or not. For example, consumers usually like a bright red colour of
beef meat, and a stable reddish/pink colour of cured pork products, these were perceived
as a sign of freshness (Schulte et al., 1995; Sikes & Tume, 2014). Myoglobin is the most
important meat pigment, making up 90-95% of the total pigment content. Its concentration
and chemical-physical state have a key steps in the colour of fresh and processed meat
(Carlez, Veciana-Nogues, & Cheftel, 1995). The colour changes of meat induced by HPP
are basically dependent on three main mechanisms: denaturation of myoglobin,
modification or disruption of the porphyrin ring, and changes in the myoglobin redox
chemistry (Bak et al.,, 2017). These were connected with the meat type, pressure
conditions, pH, etc. HPP conditions and myoglobin redox form prior to HPP are the main
reasons for the colour changes of pressurized meat. At low temperatures, below 300 MPa
treatment have minor effects on colour than the other pressures. But the myoglobin is not

stable, the denaturation had been found to take place at low pressures (Bak et al., 2012;
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2019). Korzeniowski et al. (1999) found that the 28% of myoglobin was denatured after

100 MPa treatment, increasing to 66% denaturation of myoglobin after 400 MPa treatment.
Souza et al. (2011) found that the HPP treated longissimus dorsi, triceps brachii, and
psoas major muscles had L* values that were 3.87, 6.37, and 2.71 units higher than
controls; the a* values for treated longissimus dorsi muscles were 0.94 units lower than
controls, while treated triceps brachii muscles were 0.67 units higher than controls. Due to
the denaturation of myoglobin, HPP possibly gives the fresh meat a cooked appearance
that does not visually appeal to consumers. Carlez et al. (1995) found that the colour of
minced beef was changed into “whitening” when the pressures were over 200 MPa, the
main reason is that a whitening effect due to myoglobin denaturation and/or haem
displacement or release and oxidation of the ferrous myoglobin to ferric myoglobin above
400 MPa. Bolumar et al. (2012) showed that the beef colour changes caused by HPP were
similar in appearance to the colour change upon cooking, such as lightness increased and
redness decreased, although the colour changes induced by cooking and HPP have
different mechanisms. The oxidation state of the iron in myoglobin is a key factor in the
meat colour treatment by HPP. Because the light reflection and scattering increased, L
value of pork increased at pressures up to 400 MPa. The other reason is possible that the
myofibrillar proteins decreased the solubility and formed larger insoluble protein
aggregates during the HPP, which might affect the meat surface and the light reflectance
(Olsen & Orlien, 2016). Wackerbarth et al. (2009) found that the oxy-myoglobin was
changed into the formation of met-myoglobin and further denatured ferric myoglobin
species, the structural transition could cause a colour change and initiate unwanted
oxidative side reactions involving further components of meat. HPP treated meat samples
have a high ultimate pH, which led to their colour becoming darker. Brewer et al. (2001)
reported that the higher pH of HPP treated was correlated with lower L* values causing the
meat to appear darker. The chicken meat has a low content of myoglobin, is considered
“white meat”. Therefor, the colour of the raw breast is slightly pinkish, the appearance is
bluish-white to yellow. The lightness, redness and yellowness of whole chicken breast
fillets were increased after 300-600 MPa treatment. The increase in redness was caused by

the reversible renaturation of pressure-denatured myoglobin (Kruk et al., 2011; Olmo et al.,
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2010). Overall, HPP has a great impact on meat colour, which is an interrelationship of the

modifications of myoglobin molecules.

Effects of HPP on the water holding capacity of muscle. The effects of HPP on
the water holding capacity of meat depended on pressure levels, treatment time and
temperature. Ma et al. (2019) reported that with increasing time and pressure, the water
holding capacity of the yak meat increased first and then decreased. At 250 MPa, 15 min,
the water holding capacity had increase of 10.50% and the meat turned white. The reason
is that HPP is caused by reduced exposure of acidic groups and increased the pH levels of
meat, which could improve the water holding capacity. When the HPP and time were
exceeded, the meat has an excessive contraction and the water holding capacity decreased
(Hong et al., 2005). Souza et al. (2011) also reported that the cooking loss of pork was
decreased by 17.35% after being exposed to 215 MPa at 33 °C for 15 s. If the pressure
lever is too high, the activity of calpain, such as desmin, is been inhibited by HPP and
prevents the degradation of cytoskeletal proteins, and reduces the water holding capacity
of muscle (Campus, 2010). The HPP and heat combined could improve the water retention
in the muscle, depending on the process parameters. When pressure treatment at 100 to
200 MPa, the drip loss and free water of pork meat were increase from 4% to 7%, and at
300-400 MPa these was decreased to 4%. The cooking yield of pork meat by previously
HPP treated from 300 to 400 MPa was significantly higher than the heated-only samples;
they were no difference between heated-only and HPP treated samples (Korzeniowski et
al., 1999). These different results for water holding capacity were caused by the different
temperatures and pressure levels. Some researchers have reported that the HPP could be
used to improve the quality of heterogeneous meat. The pale, soft, and exudative (PSE)
meat has lower muscle pH and is associated with lower water holding capacity. The HPP
may improve the water holding capacity of PSE meat. Chan et al. (2011) found that the
expressible moisture of PSE-like turkey breast meat was decreased at 50 and 100 MPa,
and the lowest level occurred at 100 MPa (18.7%), the result in that the water holding
capacity was increased at these pressure levels. However, the water holding capacity was
decreased significantly at 150 MPa for 5 min at 4 °C, because of the less hydrophobic

interactions and lower protein surface hydrophobicity at 150 MPa. In addition, the effects
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of water characteristics in meat treated by HPP have been researched. Bertram et al. (2004)
reported that the T> values were lower in pressure-heat treated meat revealing alterations in
water characteristics of pressure-treated and the shear force of pressure treated samples
were lower. The HPP has affected the myofibrillar organization, which changes the
properties of water in the meat and improved its tenderness of meat (Bertram, Purslow, &
Andersen, 2002).

The effects of HPP on the tenderness of muscle. Tenderness is identified as the
primary eating quality factor, which is the key determinant of whether consumers are
repeat buyers or not (Miller, Carr, Ramsey, Crockett, & Hoover, 2001; Platter et al., 2003).
The tenderness depends on the myofibrillar and connective tissue proteins. The
mechanisms of meat tenderisation that occurs in HPP of pre-rigor muscles and chill aging
of post-rigor muscles are different. HPP could cause the changes in muscle microstructure,
sarcomere contraction, muscle fiber damages, and myofibril fragmentation, such as
hydrolyzed the proteins in the muscle fibers, weakening the cell structure, releasing the
ions and activating calcium activating enzymes (Lowder et al., 2014). Calpains are a large
family of cytoplasmic cysteine Ca’>* dependent proteases in skeletal muscle, they are in
contact with the post-mortem proteolysis and meat tenderization, which are able to
degrade myofibrillar proteins including nebulin, titin, troponin-T and desmin
(Hufflonergan et al., 1996; Kristensen & Purslow, 2001). Homma et al. (1996) found that
the calpain activity of muscle was increased by pressure up to 200 MPa caused by Ca?*,
which was released from the sarcoplasmic reticulum and the inactivation of the inhibitor
calpastatin during the pressure treatment. Morton et al. (2018) reported that HPP could
direct physical disruption of the sarcomeres, and destroyed the organised structure of the
sarcomere Z discs, M lines and A bands. Bouton et al. (1977) obtained that HPP is a clean
technology that can tenderise post-rigor meat with the appropriate pressure levels and
temperatures. Souza et al. (2011) found that the shear force of pork was decreased by 30%
after 215 MPa for 15 s at 33 °C. After 300 MPa for 20 min at 20 °C treatment, the shear
force of the goose breast was decreased by 34.78% (Gao et al., 2014).

The shear force of hot-boned beef was decreased after 175 MPa treatment and

improved the eating quality. Thus, the moderate pressure levels treatment of pre-rigor
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meat seems to have potential since the meat was tender and looked normal (Morton et al.,
2017; Bonilauri et al., 2021). Ma and Ledward (2013) reported that the tenderness of pre-
rigor meat after being subjected to pressures of about 100-150 MPa was significantly
improved compared to the untreated counterpart, and this method has become a
commercially viable process, given the decreasing cost of HPP machines. Up to 60 °C, the
shear force of post-rigor meat was significantly reduced after being subjected to pressures
of 100-200 MPa. Some authors have reported that the post-rigour beef muscle treatments
by HPP had no beneficial effects, such as combined pressure-heating treatments, which
result in brown discolouration (Ma & Ledward, 2004; Ma et al., 2007).

The connective tissue proteins are an important factor in the tenderization of meat,
such as the state of linking myofibrils to the sarcolemma and other filaments from the
cytoskeletal network (Cheftel & Culioli, 1997; Taylor et al., 1995). The thermal solubility
of collagen was changed caused by 200-500 MPa at 20 °C for 10 min, the thermal stability
of thermally undenatured collagen was improved, and the thermal stability of partial
collagen denaturation before pressurization might be reduced. Ichinoseki et al. (2007)
found that the thermal stability and surface hydrophobicity of beef collagen fibrils was
decreased during treatment by HPP, caused the structural weakening of intramuscular
connective tissue. The intramuscular connective tissue was benefit of improving
tenderness. Kim et al. (2007) showed that the shear force of the bovine M. semitendinosus
muscle was decreased significantly treated by 100-500 MPa at 15 °C for 5 min, after
cooking to an internal temperature of 75 °C.

1.1.3 Effect of HPP on the comminuted meat products

The traditional comminuted meat products contain higher salt and fat, overtaking
the salt and fat could increase the risk of obesity, hypertension and cardiovascular disease
(Kang et al., 2017; Delgado-Pando et al., 2010; 2015; Jeon et al., 2015; Yalcin & Seker,
2016). However, the salt and fat content have a key factor in the solubilization of the
myofibrillar proteins, because these proteins determine the binding and textural
characteristics of the products, they are also contributes to the flavor of comminuted meat
products (Pietrasik & Li-Chan, 2002; Tobin, O'Sullivan, Hamill, & Kerry, 2013;
Bernasconi et al., 2020). For declining the animal salt and fat contents, HPP has caught the
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interest of emulsion meat products because it meets consumer's requirements for low fat

and salt content, which has been renewed as the best non-thermal intervention for
extending the shelf-life and safety of comminuted meat products without altering sensory
and nutritional properties (Hygreeva & Pandey, 2017; Chen et al., 2018).

Effects of HPP on the water and fat holding capacity of comminuted meat
products. The water and fat holding capacity express the ability of comminuted meat
product to hold water and fat, which is an important indicator of products quality. Proteins
undergo unfolding and denaturation followed by protein association, forming a three
dimensional network that entraps water molecules and thus produces a gel. The pressure
intensity, salt content, meat type, composition, temperature and others factors
independently affected both the water and fat holding capacity of comminuted meat
products. Carballo et al. (2000) found that the post-rigor pork gel structures had better
water binding properties but were weaker than non-pressurized meat batters and batters
pressurized prior to heating. Zheng et al. (2017) reported that the cooking loss was not
decreased caused by the addition of salt with HPP treated chicken meat batters, this
suggested that HPP was much more effective than salt in reducing water loss during the
cooking. Rospolski et al. (2015) reported that water became slightly more tightly bound to
the meat matrix after HPP, main reason is that HPP increase the solubility of muscle
proteins, thus increasing water and fat holding capacity and decreasing mechanical water
loss (Chan et al., 2011; Sikes, Tobin, & Tume, 2009). Villamonte et al. (2013a and b) also
observed an increase in water holding capacity due to the interaction of HPP and salt in
pork batter, this maybe because increasing sodium chloride causes increasing denaturation
of muscle proteins in HPP treated meat batters and favors the solubilization of proteins and
the formation of a gel network.

The HPP and heating (> 40 °C) combinations limit the gelling process of meat
systems. The pork and chicken batters had better water binding properties after 200-400
MPa treated for 30 min, at 60-80 °C, however, the gel structures were weaker than gels
made by only-heating or pressurized prior to heating (Fernandez, 1998; Colmenero, 2002;
Yang et al., 2015). Marcos et al. (2010) also reported that a higher cooking yield was

observed at 40 °C compared to 60 °C in ostrich meat sausage by pressurization before
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heating. Under adequate conditions, application of HPP modifies the functionality of non-
meat protein and polysaccharide molecules and significantly promotes the emulsifying
activities and stability. Moreover, some researchers have reported a synergistic effect of
dietary fibre, soy protein isolate, starch, hydrophilic colloid, and other materials and HPP
combined on water and fat holding capacity in HPP treated comminuted meat products.
Grossi et al. (2011) reported that HPP and carrot dietary fiber markedly improved
emulsion strength resulting in firm pork sausages. Moller et al. (2011) found that the
significant effects of pressure temperature, holding time, and addition of carrot fiber on the
distribution and mobility of water, and the T, relaxation times were able to explain more
than 90% of the variation in water holding capacity for both non-pressure and pressure-
treated sausages, combined HPP and addition of fiber caused non-coherent changes in T
NMR relaxation times. Chun et al. (2014) showed that the addition of binders, such as soy
protein isolated, wheat flour, and k-carrageenan, improved water-binding properties of
pressure or non-pressure-induced restructured pork, but lowered the hardness. Hong et al.
(2004) found that HPP and added isolated soy protein, sodium caseinate, whey protein
concentrate and egg white powder improved the water binding capacity and binding
strength of the restructured pork, respectively. However, due to the excessive protein
damage reflected as increased surface hydrophobicity, less protein-water interactions and
thus lower water-binding properties of sodium caseinate and whey protein concentrate,
added sodium caseinate and whey protein concentrate were not effect on water binding
properties under HPP. Thus, the application of HPP had more effects on restructuring meat
than binders (Uresti et al., 2004). Trespalacios and Pla (2009) used the dried egg white as
a fat replacement to obtain a low-fat chicken gel by means of HPP, the water binding
properties and hardness were improved, suggesting their participation in the network
structure coupled to the myofibrillar proteins, and noted that the modifying certain
functional characteristics of chicken gels with low fat content by means of HPP and the
addition of dried egg white.

Effects of HPP on the texture of comminuted meat products. The texture of
comminuted meat products is an important factor to determined the consumers purchase or

not. HPP induced texture modifications have been used to affect myofibrillar proteins and
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their gel-forming properties, raising the possibility of the development of processed

comminuted meat products. Over 200 MPa treatment, the protein extractability was
decreased significantly in meat batters, and caused protein denaturation and/or aggregation,
which limited their functionalities (Oflynn et al., 2014a, b; Sazonova et al., 2019). The M-
line and Z-line of the chicken myofibril in 0.2 M NaCl were disrupted, and the thin and
thick filaments were dissociated by HPP. The microstructure of pressure—heat-induced
chicken myofibrillar gel was composed of three-dimensional fine strands. Pressurization,
at 200 MPa, prior to heating, increased the apparent elasticities of chicken myofibrillar gel;
however, pressure treatment above 200 MPa decreased it (Iwasaki et al., 2006). Yang et al.
(2015) found that the textural properties of hardness, chewiness, springiness, cohesiveness
and resilience were significantly increased at an interval of 100 MPa and 200 MPa, except
for the textural property of adhesiveness up to 200 MPa, but no changes of hardness,
chewiness, springiness and resilience were observed up to 300 MPa and 400 MPa. Hwang,
Lai, and Hsu (2007) showed that the sausages had a harder texture after 200 MPa, because
partly depolymerized, unfolded, aggregated and denatured the extracted proteins under
200 MPa, which caused the changes in water distributions, formed new protein
components, and solubilization or denaturation of myofibrillar proteins. Hygreeva et al.
(2016) studied the effects on quality characteristics of precooked chicken patties were
subjected to HPP at 200, 400 and 600 MPa for 10 min, the result indicated that the textural
properties of chicken patties were improved after being treated at 200 and 400 MPa.
Crehan et al. (2000) found that the texture of frankfurters were improved after 150 and 300
MPa treatment at low salt content (1.5%). Therefore, the texture properties of comminuted
meat products with low slat content could be improved at moderate pressure levels (100-
300 MPa).

The changes of texture properties also are related to the pressure temperature and
processing, the possibly is that the modified conformation, slowed heat-denaturation,
together with disrupted myofibrillar eventually led to the different batter structures. The
cooking of meat batters either before or after HPP results in varying effects on meat
product texture. Mor-Mur and Yuste (2003) found that the textural properties of vacuum

packed cooked sausages were treated at 500 MPa and 65 °C, 5 or 15 min improved
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cohesiveness and increased fracture force of the product. Zheng et al. (2017) showed that

the physical properties of batters were subjected to HPP (0-400 MPa, 75°C, 30 min)
depending on the pressure intensity. The chicken meat batters treated at 200 MPa
exhibited desirable qualities, having a smooth appearance and rigid texture, while those
treated at 400 MPa had undesirable qualities, being coarse and watery in appearance, with
a weak texture. The structural changes induced in proteins of meat batters were partially
reversible at low temperatures when increasing the pressure from 100 to 300 MPa,
however, these changes were irreversible when the pressures were beyond 300 MPa
(Rastogi, Raghavarao, Balasubramaniam, Niranjan, & Knorr, 2007). Carballo et al. (2000)
reported that the pork batters treated by HPP prior to heating decreased the hardness,
springiness and chewiness, formed a coarse, irregular, loose protein matrix and favoring
weaker gel structure, because HPP limits protein-protein interaction (Carballo,
FernaAndez & JimeAnez-Colmenero, 1996).

Some researchers had reported that HPP induced muscle protein gels form a firmer
texture. Yang et al. (2016) reported that compared with the values of 0.1 MPa treated
sausages, the 200 MPa for 2 min at 10 °C was significant increased in all the textural
values. Zheng et al. (2015) showed that HPP before heating sausages had significantly
higher values for hardness, springiness, cohesiveness, chewiness and resilience than did
the only-heat sausages. It is well known that HPP causes protein denaturation with
increasing the pressure and temperature (Tintchev et al., 2013; Rastogi et al., 2007). The
myosin protein have completely denaturation by 200 MPa, at 50 and 60 °C, the reason is
the pressure and heat combined could be improved the efficiency of protein aggregation
and gelation, and form a heat induced helix-coil transition (Buckow, Sikes & Tume, 2013).
This indicated that excessive temperature resulted in the weakening of molecular
interactions and the destruction of the network structure in gels (Colmenero, 2002). In
addition, the temperature with HPP was affected the state of moisture in the pork batters,
which in turn affected the texture of the gel (Cando et al., 2014). Other factors also
affected the texture properties, such as added non-meat proteins, hydrophilic colloid. Hong
and others (2008) found that the breaking force and tensile strength of restructured pork

meat treated by 200 MPa combined with k-carrageenan were increased, and the pressure
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above 200 MPa and the addition of 1.5% k-carrageenan has potential use in cold-set meat

restructuring. Grossi et al. (2012) reported that the use of carrot fiber and potato starch had
more impact on textural properties in pork sausages with low salt content (1.2%) treated
by HPP, and water binding capacity of low salt pork sausages was improved, which
produced sausages with better sensory properties. Lee et al. (2018) indicated that due to
the pH and protein solubility were increased after being subjected to HPP, the water
holding capacity and instrumental hardness of sausages treated with a combination of sea
tangle powder and HPP were similar to the sausages with 0.2% sodium pyrophosphate,
and greater inhibition ability against lipid oxidation and bacterial growth.

1.1.4 Effect of HPP on the gel properties of myofibrillar proteins

Mpyofibrillar proteins account for 50%~55% of the total protein content in muscle,
mainly composed of myosin and actin. Myofibrillar proteins are salt-soluble proteins,
which are soluble in high ionic strength solution (> 0.3 M), it is decided to the gel
properties, such as water holding capacity, texture, shelf life. During the gel form, the
helix-coil transitions of myosin tails and subsequent aggregation of myosin heads through
intra- and intermolecular interaction, and then a three dimensional and crosslinked
network is formed after partial unfolding or denaturation of myofibrillar proteins. There is
no doubt that HPP induces certain alterations in myofibrillar proteins which influence their
functional properties. The HPP is able to variable alteration-200 MPa, the tertiary structure
is significantly affected above 200 MPa, and secondary structure changes take place at
300-700 MPa, which could improve its gelation properties.

Effects of HPP on the water holding capacity of myofibrillar proteins. The
water holding capacity of myofibrillar proteins was affected by the level, time and
temperature of HPP. When the pressure levels were low (< 200 MPa), which could
improve the solubility of myofibrillar proteins; over 300 MPa, which could reduce
solubility of myofibrillar proteins and form the large aggregates observed that the
denaturation of myosin of bovine occurred owing to the release of myosin light chain at
200 MPa, and the rate of myosin denaturation increased rapidly at pressures above 300
MPa because of the aggregation of myosin heavy chain. Actin was released at 200 MPa

and the denaturation of actin might have been accelerated by the aggregation of released
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actin at pressures above 300 MPa. The solubilization of myofibrillar proteins also was

affected by temperature during HPP. The solubilization of myofibrillar proteins increased
with increasing temperature, especially from 40 °C to 60 °C, and a regular trend of protein
solubilization was found when isolated myofibrils were subjected to HPP at different
temperatures, an increase was observed with increasing pressure up to about 400 MPa,
solubility then decreasing to 600 MPa. Barriosperalta et al. (2012) found that myofibrillar
proteins from abalone and starch interaction increase the emulsifying capacity at pressures
over 350 MPa applied for 3-5 min, myofibrillar proteins and egg white interactions at
pressures higher than 450 MPa for 5-10 min formed coagulation, decreasing the
emulsifying capacity. The reason is that myosin of pressure-induced surimi gelation
denaturation and concomitant disulfide bond formation at 300 MPa, 5 °C for 30 min.
During heating the pork myofibrillar proteins, aggregation of meat proteins caused the
meat protein matrix to shrink, which reduced the amount of water that could be bound by
the matrix, causing the cooking loss to increase. Yang et al. (2015) found that HPP (200
MPa for 2 min) significantly decreased the cooked loss of reduced-fat and reduced-salt
pork sausages, and changed the P2 peak ratio of the four water components in raw pork
sausages. Therefore, the HPP has an important commercial and health benefit of the
altered properties of myofibrillar proteins, which is their ability to form gels that have very
high cook yields even in the presence of low salt. Zhang et al. (2015) showed that the
myofibrillar proteins of chicken breast meat were treated at 100, 200, 300, 400, 500 MPa
and kept for 10 min, the centrifugation loss increased gradually from 36.59% (0.1 MPa) to
37.28% (200 MPa) and decreased sharply from to 30.82% (300 MPa), then decreased
slowly to 30.12% (500 MPa); the relaxation time of T2, decreased from 2.31 to 1.32 ms,
T>1 had no significant changes, and T»; increased from 2477.08 to 3274.55 ms, that means
bound water had lower water mobility, immobilized water had no significant changes and
free water had a higher water mobility.

Effects of HPP on the texture of myofibrillar proteins. The texture is an
important characteristic of myofibrillar proteins gel, which decides the quality of meat
products. The solubility of myofibrillar proteins affects the texture of myofibrillar proteins

gel, because the functional properties require the solubilization of the proteins. HPP is an
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important thermodynamic parameter that can profoundly influence molecular systems, it

induces the depolymerisation of myofibrillar proteins with a consequence of increasing
solubility. Iwasaki et al. (2006) found that the elasticity of chicken myofibrillar gels were
apparent increased by 2- or 3-fold at 200 MPa (10-20min), prior to heating at 70 °C.
Cando et al. (2015) showed that the surimi gel had a higher breaking force after 150 MPa
treatment, but decreased the breaking force after 300 MPa treatment. It is well known that
HPP is an important thermodynamic parameter that can profoundly influence molecular
systems. When the HPP over 400 MPa can readily denature proteins, and 200 MPa only
affects their quaternary structures, leading to the dissociation of oligomeric proteins.
Zhang et al. (2017) reported that the gel hardness of myofibrillar proteins increased from
20.25 (0.1 MPa) to 46.6 g (200 MPa), then decreased gradually to 33.3 g (500 MPa). The
main reason is the HPP could affect molecular interactions and protein conformations,
which lead to myofibrillar protein’s denaturation, dissociation, aggregation, then resulting
in modified functional properties. Angsupanich et al. (1999) found when isolated
myofibrillar protein from turkey was pressure treated at 200 MPa, there was no change in
any of the peaks of DSC, up to 400 MPa and above caused loss of the myosin peak and
major loss of actin structure and a ‘new’ peak. Ko et al. (2003) reported that the increase
of the surface hydrophobicity of myosin with improving the pressure levels, which caused
the structural changes of myosin, would compensate for the decrease in the gel strength of
myosin, this would cause the decreases in G’ values.

Textural properties of protein gel greatly depended on its microstructure. Ma et al.
(2011) reported that myosin light chains and actin thin filaments of beef muscle were
sensitive to pressure, they were released from myofibrils subjected to 100 MPa. Suzuki et
al. (1991) found that the proteins of actin, tropomyosin, troponin C as well as M-protein
were solubilized at 100 MPa, whereas solubilization of myosin heavy chains over 300
MPa. Therefore, the muscle type, pH, temperature, and salt type and concentration
affected the solubility and texture during the HPP. Cao et al. (2012) observed by scanning
electron microscopy that the network structure of rabbit myosin thermally induced gel was
small and uniform after 200 MPa, while the gel holes became larger above 200 MPa, and

the G' and G" values were decreased with the pressure levels increased. Zhang et al. (2017)



50
found that due to the myofibrillar proteins were partial unfolded, the gels contained many

filaments and irregular cavities at 100 MPa; the smallest particle size of myofibrillar
proteins was formed at 200 MPa, the gels had a denser and homogeneous network, and the
hardness had the largest value; the myofibrillar proteins denatured excessively, interior
hydrophobic and sulthydryl groups exposed above 300 MPa, the gel cavities became
larger and heterogeneous, and the hardness was decreased. Overall, myofibrillar proteins
gels with higher hardness had smaller, denser and homogeneous gel microstructure, while
gels with lower harness had larger cavities and coarse microstructure.

Effects of HPP on the protein conformation of myofibrillar proteins. HPP can
affect myofibrillar protein’s molecular interactions and protein conformation, leading to
protein denaturation, aggregation, or gelation that presents altered functional properties.
Which could be to improve the gel-forming properties of muscle proteins, a crucial factor
in processed muscle-based food. The pressure induced aggregation involved the
dissociation of myosin heavy and light chains followed by aggregation of the heavy chains.
The proteins from the thin filament such as actin, tropomyosin, troponin C as well as M-
protein were solubilized at 100 MPa, and myosin light chains also were sensitive to
pressure, and were released from myofibrils subjected to 100 MPa, whereas solubilization
of myosin heavy chains required up to 300 MPa. Some authors had reported that the HPP
affects chemical forces of myofibrillar proteins. Due to more tryptophan hydrophobic
residues and phenolic hydroxyl groups of tyrosine residues tended to be buried in a
hydrophobic microenvironment and generated hydrogen bonds with protein molecules, the
hydrogen bonds appeared to be strengthened under pressure. The intermolecular H-bonds
between proteins were formed and caused the aggregation, which could decrease the
solubility of myofibrillar proteins when the pressure up to 400 MPa and above, due to the
protein-protein interaction at pressure of 400 MPa is formed at the expense of protein-
water interactions, and the intermolecular H-bonds between proteins are stronger than the
H-bonds between protein and water (Bai et al., 2021). Angsupanich et al. (1999) studied
the effect of isolated myofibrillar protein and myosin of cod or turkey (pH = 7) were
subjected to pressures up to 800 MPa for 20 min, and found that HPP-induced

denaturation of myosin led to the formation of structures that contained hydrogen bonds
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and were additionally stabilized by disulfide bonds. It is well known that the breakdown of

a disulphide bond requires energy of 213.1 kJ/mol, but the HPP at 10000 MPa only
provides only 8.37 kJ/mol. Thus, the increase in the reactive sulphydryl group content
might cause by a change of myosin structure involving the active sites of myosin, which
could lead to changes in actomyosin formation and enzymatic properties of myosin. The
surface hydrophobicity was significantly positive with pressure level.

The myofibrillar proteins became more unfolded with the pressure increased, more
buried hydrophobic residues were exposed, and more hydrophobic sites or pockets of
protein molecules could bind to the ANS (1-anilinonaphthalene-8-sulphonic acid), then
large protein aggregates were formed. Zhang et al. (2015) found the surface
hydrophobicity of myofibrillar proteins from chicken breast meat increased slowly from
0.1 to 100 MPa, and then a sharp increase when treated by HPP above 200 MPa. Cao et al.
(2012) showed a clear positive relationship between pressure level applied and
hydrophobicity, and increased significantly above 200 MPa, which means an increased
denaturation and unfolding of myosin and greater exposure of amino acid residues with
increased pressure. Chapleau and de Lamballerie-Anton (2003) studied the effect of
pressure (0-600 MPa) and time (0-1800 s) on the surface hydrophobicity, and reactive
sulphydryl groups content of bovine myofibrillar proteins in solution at 10 g/L, the results
found that HPP induced a threefold increase of the surface hydrophobicity of myofibrillar
proteins between 0 MPa and 450 MPa. The same upward trend was obtained on the
reactive sulphydryl groups, which increased from 40% to 69%. The increasing linked with
the change of the secondary structure and the destruction of the a-helices present in the
heavy chains of myosin. Due to 100 or 200 MPa is too low to affect the exposure of buried
sulfhydryl groups, the SH content of myosin was not significantly differences, at 300 MPa
and above, the SH content was significantly increased, the increase of sulthydryl groups
might be explained by the change of myosin structure.

The secondary structures of meat protein are sensitive to changes in the hydrogen
bonding scheme involving the peptide linkages of the amide I band, which is attributable
to a-helice, B-sheet, B-turn and random coil structures, respectively. Berhe et al. (2014)

reported that the meat protein cooked above 60 °C was positively correlated to the high
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intensity of bands at the amide I regions. The results indicated that it was a significant

increase in the B-sheet and B-turn structure content accompanied by a concomitant
decrease in a-helice content. Zhang et al. (2017) found that increased the pressure levels,
a-helix and B-sheet changed into random coil and B-turn, and the surface hydrophobicity
and formation of disulfide bonds were strengthened. Compared with the only-heat, when
HPP at 200 MPa, 15 min, the contents of B-sheet and B-turn were significant increase from
20 °C to 40 °C, and there was no significant different from 50 °C to 60 °C, because of the
myofibrillar protein had completely denaturation. The HPP was significantly effected of
the gel properties and protein conformation of myofibrillar proteins gel. The HPP could
provide great potential for myofibrillar protein structural modification, such as leading to
protein denaturation, solubilization, aggregation or gelation, thereby creating innovative
functional properties. A moderate pressure (< 200 MPa) can enhance the water holding
capacity and texture of myofibrillar proteins gel.

It is well established that HPP will improve the properties of muscle, comminuted
meat and myofibrillar proteins. The use of moderate pressure treatment of pre-rigor meat
seems to have potential since the meat will be tender and look normal colour. Reasonable
HPP could enhance the water holding capacity and texture of comminuted meat, but the
products lacked the cooked appearance and potential for accelerated loss of flavour.
Which also affected the non-covalent bond, covalent bond and protein conformation of
myofibrillar proteins, the water holding capacity and texture of myofibrillar proteins will
be increased and produced by moderate pressure treatment. However, the affecting factors
on properties of muscle, comminuted meat and myofibrillar proteins by HPP are complex,
still need a lot of research in the future.

1.1.5 Application of HPP in reduced-salt gel meat products

The historical experience of salt reduction showed that reducing the per capita
sodium chloride intake requires the effective participation of the food processing industry
(Alino, Grau, Fuentes & Barat, 2010; Paula et al., 2019; Li et al., 2021), among which the
most effective method was adopted new processing technology to reduce the sodium
chloride content in meat products. According to the traditional thermal gel mechanism of

meat proteins, sufficient sodium chloride can extract the salt-soluble protein, such as
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myosin and actin, to form good texture and taste. The way of directly reducing sodium

chloride could cause the product yield and edible quality to be significantly reduced
(Barbut & Mittal, 1988; Desmond, 2006; Li, Zhang, Lu & Kang, 2021). Therefore, how to
reduce sodium chloride content while ensuring the good quality of meat products has
become an urgent problem to be solved in the meat industry.

The effects of sodium chloride in gel meat products. Sodium chloride plays an
important role in gel meat products. First, sodium ions and chloride ions can stimulate
taste. Second, myofibrillar protein can be extracted to facilitate the dissolution and
swelling, which increased the water- and oil-retaining properties of the gel, and improved
the product yield, texture and shelf life (Kang et al., 2014; Alvarez et al., 2007, 2012; Yao,
Zhou, Chen, Ma, Li & Chen, 2017; Kang, Hu, Zhu & Ma, 2018; Lu, Kang, Wei & Li,
2021). The function of dissolving and extracting myofibrillar was called the processing
effect of sodium chloride, which was the key to forming the quality of gel meat products
(Desmond, 2006; Mancini, Nuvoloni, Pedonese & Paci, 2019). The swelling of
myofibrillar was also very important for the processing of meat products, it was wrapped
around the meat and fat particles or liquid drops. During the heating, the substances were
cross-linked and the water was trapped in the protein matrix. Offer and Knight (1983)
reported that sodium ions can form the electron clouds around myofibrillar molecules and
promote the dissolution of myofibrillar protein. In fact, the sodium chloride from 1% to
1.5% can meet the majority of consumers' demand for salty taste, however, to meet the
processing required, the gel meat products generally add 2% to 4% sodium chloride (Hand,
Terrell, Zhou & Smith, 1982).

The biggest obstacle to reducing sodium chloride in meat products is that sodium
chloride is a very cheap ingredient, and consumers are more comfortable with the quality
and flavor of meat products with adding sodium chloride. On the premise that consumers
can accept, the main ways to reduce the sodium content of gel meat products are
summarized as follows: reduced the amount of sodium chloride added and replaced it with
other salts; the Glutamine transaminase was added to catalyze the interprotein (or internal)
acyl transfer reaction to form covalent cross-linking between proteins (or polypeptides)

(Colmenero, Ayo & Carballo, 2005; Kang, Li & Ma, 2017). The new process can improve
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the performance of myofibrillar, and still form a good gel at low ionic strength (Desmond,

2006; Kang, Li, Ma & Chen, 2016; Inguglia, Zhang, Tiwari, Kerry & Burgess, 2017).

The overall use of salt substitutes was difficult for consumers to accept, but the
partial reduction of salt in meat products was a desirable approach. There were many kinds
of salt, but few of them can be used to process gel meat products successfully or
completely instead of sodium chloride (Inguglia, Zhang, Tiwari, Kerry & Burgess, 2017;
Mariutti & Bragagnolo, 2017). In most studies, sodium chloride was replaced by other
chloride salts, because the processing effect of sodium chloride was mainly achieved
through the binding of chloride ions with proteins. The decrease in chloride ion content
was led to a significant decline in gel properties. At present, the most successful
alternative salt in the study is potassium chloride, which can replace about 35%~40%
sodium chloride in the formula of gel meat products, but excessive potassium chloride
produced bitter and other bad smells (Zhang, Wu, Jamali, Guo & Peng, 2017).
Polyphosphate can increase the pH of meat products, cause muscle fibrils to swell,
facilitate actomyosin dissociation, while it can partially replace sodium chloride. Reducing
sodium chloride crystal size and changing crystal shape can reduce the amount of sodium
chloride addition without affecting food saltiness. However, gel meat products contained a
lot of water, and sodium chloride was dissolved in water, so the effect of reducing the
content of sodium chloride in gel meat products, thus, this method is limited (Angus et al.,
20006).

Another way was to use flavor enhancers. Flavor enhancers increased the saltiness
and flavor of reduced-salt meat products, it decreased the use of sodium chloride without
reducing the saltiness and flavor of meat products. Some flavor enhancers and shaders had
been used in industrial production, and the usage was increasing, such the products include
yeast extract, lactate, sodium glutamate and nucleotide. Flavor enhancers can stimulate the
taste and reduce the stimulation of sodium chloride to the taste nerve, helping to reduce the
amount of sodium chloride used. Pasin et al. (1989) used potassium chloride and
nucleotide mixture (50% IMP and GMP mixture used commercially) to reduce sodium
chloride in pork sausages by 75%. Any amount of glutamate in these pork sausages

combined with potassium chloride can be substituted for 50% salt. Other compound flavor
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enhancers, such as lysine and succinic acid mixtures, had been studied as substitutes for

salt. This kind of complex has the flavor of salt, as well as antibacterial and antioxidant
properties, it can replace 75% of salt and has a good development prospect (Triki et al.,
2017). Through adding phosphate, starch and hydrocolloid to make up for decreasing
water retention and product quality of reduced-salt meat products, the use of different
levels of potassium lactate or sodium lactate as an alternative salt to maintain the product's
flavor and saltiness (Omana, Plastow & Betti, 2011).

The use of HPP in reduced-salt meat products. The HPP improved the functional
properties of meat protein, and was beneficial for reducing salt (Duranton, Guillou,
Simonin, Chéret & De Lamballerie, 2012; Chen et al., 2018; Zheng et al., 2017). Such as,
the surface hydrophobicity and total sulthydryl groups of rabbit myosin were increased
under HPP between 100 and 200 MPa (Chapleau et al., 2004). Meat protein was sensitive
to the HPP. The a-helix and B-sheet structures changed into random coil and B-turn
structures as the pressure levels increased; moreover, the protein solubility and gel
hardness reached their maximum values and the gel microstructure was dense and uniform
at 200 MPa. Thus, a better understanding of the changes in gel properties and protein
conformations occurring in meat products induced by combined HPP and thermal
conditions could be helpful to elucidate their role during gel formation, and facilitate the
development of new healthy meat products (Zhanget al., 2017; Yang et al., 2021). Sensory
evaluation was conducted after the HPP of reduced-salt frankfurter by HPP, and it was
found that the tasters were more likely to accept the sausages treated with reduced-salt and
HPP, which indicated that HPP improved the texture of the sausages, and partially reduced
the amount of sodium chloride (Crehan, Troy & Buckley, 2000). Grossi et al. (2011)
reported that the use of HPP technology reduced the sodium chloride content from 1.8% to
1.2% of pork sausage with carrot fiber and potato starch, it had no negative impact on
water-retaining performance, colour and texture. Increased the pressure and temperature,
the meat batter with carrot fiber formed a highly elastic, organically combined and orderly
network structure (Sun, Wu, Xu & Li, 2012).

Effects of HPP and heat combination in reduced-salt meat products. It is well

known that the mechanism of meat protein denaturation and formed gel caused by heat
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and HPP were different. The HPP induced meat gels were based on the protein volume

decline, while the thermal meat gels were caused by the violent movement of molecules
and destruction of non-covalent bonds. Some researchers had reported the effects of
reduced-salt meat products on the combination of heat and HPP (Khan et al., 2014;
Tintchev et al., 2013; Chen et al., 2018; Zheng et al., 2017; Zheng et al., 2019). The
temperature during HPP also affected water and fat holding capacity, and gel properties.
Combining HPP and heat treatment at reduced-salt meat protein denaturation temperatures
in a single-step process had reportedly resulted in better water retention and texture than in
heat-only samples (Jimenezcolmenero, Fernandez, Carballo & Fernandezmartin, 1998;
Zheng et al., 2015). HPP prior to thermal processing improved the functionality of meat
batters. Wei et al. (2019) studied the effects of protein conformations and gel
characteristics of reduced-salt (1% sodium chloride) pork batters produced by HPP prior to
heating (20-60 °C), and who found that the highest cooking yield, hardness, springiness,
chewiness, and G' values were observed in batters made by HPP at 20 °C and 30 °C.
Meanwhile, the a-helix structure was significantly decreased, and accompanied by the
increase of B-sheet, B-turn, and random coil structures at 20-40 °C. The reason is possible
that the maximal solubilization of myofibrillar protein occurred at 200 MPa, with a
reduction of salt content by 50% and improvement of functional properties, such as water-
holding capacity and texture (Tintchev et al., 2013). Zheng et al. (2019) found that the
HPP, rather than salt, was the main factor affecting the quality of chicken meat batter, the
quality of reduced-salt chicken batter was improved by heating under 200 MPa and
formed a fibrous network inside muscle fibers; meanwhile, application of HPP at a
specified pressure was an excellent process for producing reduced-salt comminuted meat
products, but excessive HPP resulted in inferior quality.

1.2 The effect on techno-functional properties of soy proteins by HPP

1.2.1 Functional properties of soy protein

The protein content of soy protein isolate is more than 90%, it is a high-quality plant
protein food raw material. It’s functional properties can be divided into three categories:
interface properties, mainly including emulsification and foaming properties; hydration

properties, including wettability, dispersability, solubility, viscosity and water retention;
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properties related to protein-protein interactions, including precipitation, aggregation, and

gel properties. Through hydrophobic interaction, electrostatic interaction, a hydrogen bond
or disulfide bonds cross-linking, the spatial network structure is formed (Wang, Lin,
Cheng, Wang & Tan, 2020; Cao, Fu & He, 2007; Ou, Wang, Tang, Huang & Jackson,
2005; Rhim, Gennadios, Handa, Weller & Hanna, 2000). On this basis, hundreds of
countries in the world have developed thousands of food products containing soy protein
in recent years. Soy protein and its modified products are widely used in meat products,
protein drinks, dairy products, baked products and other foods due to their prominent
functional properties. It plays an important role in supplementing protein, supplementing
the nutrition of multiple types of protein, reducing the intake of animal protein, and giving
food health care functions. Therefore, the functional properties of proteins are very
important to food manufacturing and processing, they directly affect the quality.
1.2.2 Components of soy protein
Soy protein is mainly composed of B-conglycinin (7S globulin) and globulin (11S),
accounting for over 70% of the total protein content (Tang, Wu, Chen & Yang, 2006;
Utsumi & Kinsella, 1985). The 7S globulin is a trimer formed by the different
combinations of three subunits (a’, o and B), which are bound by hydrophobic and
hydrogen bonds. The molecular weights of a’, a and B are 65 kDa, 62 kDa and 57 kDa,
respectively. Each 7S globulin contains a small number of disulfide bonds and is free of
sulthydryl groups (Saio, Watanabe & Kaji, 2006). The 11S consists of six subunits, its
weight is 340-375 kDa. Each of these consists of an acidic polypeptide chain (A) and an
alkaline polypeptide chain (B) connected by a disulfide bond to form the AB subunit. The
11S molecule contains more disulfide bonds and sulfthydryl groups (Matsudomi, Mori,
Kato & Kobayashi, 1985; Liu et al., 2007). The differences in structure between 7S and
11S was affected on the formation of gel. Some studies have reported that 11S has better
gel properties than that of 7S, but the emulsion capacity of 118 is lower (Saio & Watanabe,
2010; Saio, Kamiya & Watanabe, 2014; Pang, Safdar, Wang, Sun & Liu, 2020).
The functional properties of soy protein were affected by the concentration,
temperature, pH, and so on (Ringgenberg, Alexander & Corredig, 2013; Schuldt, Raak,

Jaros & Rohm, 2014). Such as, soy protein isolate concentration is one of the decisive
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factors in gel formation. The formation of soy protein isolate gel is the result of protein-

protein and protein-solvent interactions, and the balance of attractive and repulsive forces
between adjacent peptide chains. When the soy protein isolate concentration is low,
protein-solvent interaction dominates, making it difficult for the system to form a gel (Wu,
Ma & Hua, 2019). Therefore, the gel strength is positively correlated with soy protein
isolate concentration. However, when the soy protein isolate concentration is lower than
8.0%, the gel cannot be formed only by heating. However, if the formation concentration
of soy protein isolate gel can be changed to a certain extent by adjusting pH value, ion
strength or modification, etc (Braga, Azevedo, Marques, Menossi & Cunha, 2006; Sirison
et al., 2020). The other, pH and salt addition changed the ionization of functional groups
of soy protein isolate and double electric layer thickness, affecting the protein-protein
interaction (Wu, Navicha, Hua, Chen, Kong & Zhang, 2018; Opazo-Navarrete, Altenburg,
Boom & Janssen, 2018). The salt concentration and type have different effects on the gel
properties of soy protein isolate. At low ionic strength, salt can reduce the electrostatic
repulsion between protein molecules by shielding the charge on the protein, and
strengthening the gel strength. With the increase of ionic strength, the charge on the
protein tends to be saturated, and the properties of water in the solvent change due to the
presence of salt, leading to the enhancement of hydrophobic interaction, which becomes
the dominant effect, and the gel strength decreases (Wu, Hua, Chen, Kong & Zhang, 2017;
Puppo & Aon, 1998; Xia, & Abdalhai, 2015). Renkema, Gruppen and Van (2002) found
that the denaturation of soy protein isolate occurred under all conditions of pH and ionic
strength, such as a low stiffness gel was formed when pH > 6.0, on the contrary, a high
stiffness was formed when pH = 5.0. Meanwhile, extensive rearrangements in the network
structure took place during prolonged heating when pH = 7.6, whereas at pH 3.8
rearrangements did not occur.

1.2.3 The effects of soy protein by HPP

The globulin of soy protein has a closely globular structure, the molecular weight is
small, and active group packages within the molecule, and some methods of modification
are difficult to effectively change its structure, improve its functional characteristics. Thus,

the function of 11S globulin is worse than the 7S globulin, it is a key factor that restricts
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the application of soy protein isolate and modification. How to effectively improve the

structure of soy protein isolate becomes the primary factor of soy protein modification
(Zadeh, O'Keefe, Kim & Cho, 2018; Guo, Lin, He & Zheng, 2020).

The changes of protein spatial structure caused by HPP are the focus of current
research. In general, HPP has no effect on the primary structure of proteins, it has some
effect on the secondary structure, and has a great effect on the tertiary and quaternary
structures. The effect of HPP on protein can be reversible or irreversible. Generally,
protein changes are reversible under 100-200 MPa. When the pressure exceeds 300 MPa,
protein changes tend to be irreversible, that is, protein permanent denaturation (Balny &
Masson 1993; Mozhaev, Heremans, Frank, Masson & Balny, 1996 and 2015; Heremans &
Smeller, 1998). In food applications, the various functional properties of soy protein are
mainly realized by the physical and chemical properties of storage proteins, namely, 7S
and 11S globulin, which are ultimately determined by the intrinsic physical and chemical
properties of proteins based on their molecular structure. Li, Zeng and Peng (1999) found
that the change in molecular structure of soy protein isolate after HPP was caused the
change of its related physical and chemical properties. The solubility of protein in low
concentration (4.0%-4.5%) soy protein isolate solution was significantly improved after
HPP, leading to the apparent viscosity were increased with the increase of pressures, and
the values of G' and G" were proportional to the apparent viscosity. In a constant pressure
force (400 MPa) or less under the action of HPP, 11S globular depolymerization of soy
protein, protein molecules depolymerized to smaller particles on the unit, and the base unit
of a certain degree of stretch further, makes the globular protein within the exposed polar
groups and hydrophobic groups, and makes the protein molecules (particles) to strengthen
the surface charge of distribution, then the combined water around the newly exposed
polar groups were increased. Su, Li, Zhao, Liu & Zhang (2009) found that HPP (200-600
MPa) could change the large particles to smaller, the volume fraction of soy protein isolate
occupied in the solution was significantly increased, making the dispersibility of soy
protein isolate obviously improved. Meanwhile, the free sulthydryl content and surface
hydrophobicity (H,) of soy protein isolate were significantly increased at pressure

treatment of 400-600 MPa for 20 min, and the results of SDS-PAGE indicated that the
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subunits composition of soy protein isolate was greatly changed, which caused the content

of 7S and 118 protein was obviously increased.

The pressure level and other factors (time, temperature) were influenced of the
properties of soy protein. Zhang, Li, Tatsumi and Isobe (2005) found that the soy proteins
were dissociated into subunits by HPP, some of which associated to aggregate and became
insoluble; the denaturation of 7S and 11S were occurred at 300 MPa and 400 MPa,
respectively, and induced tofu gels was formed with gel strength and a cross-linked
network microstructure. Molina, Defaye and Ledward (2002) found that the HPP induced
gels were formed in the range from 300 MPa to 700 MPa; compared to the thermal gels,
the adhesiveness and hardness of HPP induced gels were significantly lower; the water
holding capacity was improved by HPP in the gels of 7S glycinin. Tang and Ma (2009a)
showed that the insoluble aggregate of soy protein isolate was formed at a lower pressure
level (200 MPa), the insoluble aggregate was transformed into soluble aggregate at a
higher pressure level (600 MPa), much more homogenous soluble aggregate was
generated at 400 MPa or 600 MPa had much less mean molecular weight than that at 200
MPa, and the changes of secondary and tertiary structures were induced by HPP, that is
the direct evidence or explanation for HPP induced modification of soy protein isolate.
Kweon, Slade and Levine (2017) found that only a small effect on denaturation of the 7S
soy globulin in 50% (w/w) soy flour-water paste was observed at 200 MPa (20 min, 25
°C), a significant effect on denaturation of both the 7S and 118 soy globulins was showed
at 600 MPa. The other, a less-pronounced effect on denaturation of the 11S globulin was
observed at 60 °C treated by different pressures, but a similar extent of denaturation of the
11S treated by 600 MPa at 25 °C and 90 °C was observed. The result showed that 7S is
sensitive to heat and pressures combined, because it has a low denaturation temperature
(68 °C); 118 is not sensitive to thermal, and sensitive to pressures, due to it has high
denaturation temperature ( 96 °C). Thus, the application of thermal plus HPP could be
used to produce enhanced food quality. In addition, the NaCl, sucrose, betaine, and
lactobionic acid had a protective effect on protein denaturation during the HPP at 25 °C.

HPP and other materials combination also affected the processing properties of soy

protein. Liu et al. (2020) investigated the effect of HPP (0.1-300 MPa) on soy protein
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isolate incubated with flaxseed gum at 60 °C for 3 d, the results shown that the solubility

of soy protein isolate upon glycation with flaxseed gum was improved, the maximum
value reached 86.84% when treated at pH 8.0 and 200 MPa, accompanied by producing
the differences between the secondary structure of the glycated proteins and that of at 200
MPa, such as the a-helix, random coil contents and vibrations of the amide II band; at 100
MPa, the Maillard reactions were significantly promoted, to the contrary, the reactions
were significantly suppressed at 200 MPa and over. Overall, proper pressure levels can
improve the processing properties of soy protein. Chen et al. (2019) showed that HPP is a
useful tool for improving the function of tea polyphenols and soybean proteins. The
secondary structure of soy proteins was significantly modified at 400 MPa, such as
increased the B-sheet content and decreased the a-helix content, but the a-helix structure
was protected when the 0.1% (w/v) tea ployphenol was added. The other, the HPP and tea
polyphenols combined could increase the solubility, emulsifying activity and micro-
texture, the reason is that the Pi-Pi interaction was formed in the binding of phenolic
compounds to 7S or 11S globular protein. Wang et al. (2011) found that the solubility of
ethanol (EtOH)-denatured soy proteins at neutral and alkaline pH as well as low ionic
strength was significantly improved treated above 200 MPa, the enthalpy value was
increased and the ordered supramolecular structure with stronger intramolecular hydrogen
bond was formed. Meanwhile, the Tyr and Phe residues were exposed, which caused an
increase in surface hydrophobicity of 7S glycinin treated by HPP (200-400 MPa), but the
surface hydrophobicity was decreased at 500 MPa. In contrast, the progressive unfolding
of denatured glycinin was induced with increasing pressure, due to the Tyr and Phe
residues were moved to the molecular surface of protein. Tang & Ma (2009b) reported that
the secondary structure of native soy protein isolate is estimated to be composed of 15%-
16% alpha-helix, 39%-44% extended strands, 17.5% random coils, and 21%-27% turns.
At 200-400 MPa, the intensity and a "red-shift" of these bands were increased; at 600 MPa,
the band intensity of the amide I' region was further increased, so that, the intensity and

absolute area of amide II bands were gradual increases treated by HPP.
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1.2.4 The effects of soy 7S and 11S by HPP

Soy 7S and 11S are determined by the emulsion capacity, foaming capacity, gel
properties of soy protein. The changes in soy 7S and 11S were induced by the HPP
(Molina, Papadopoulou & Ledward, 2001; Zhang, Li, Tatsumi & Kotwal 2003; Puppo,
Speroni, Chapleau, de Lamballerie, Anon & Anton, 2005; Suzuki & Tada, 2011). Molina,
Papadopoulou and Ledward (2001) showed that the highest emulsifying activity index and
surface hydrophobicity of 7S globulin were treated at 400 MPa, the highest emulsifying
activity index and surface hydrophobicity of 11S globulin were treated at 200 MPa,
implying that the 7S globulin was dissociated into partially or totally denatured monomers
at 400 MPa, which enhanced the surface activity; meanwhile, the pressure at 400 MPa
induced the unfolding of the polypeptides of the 11S within the hexamer led to
aggregation, which lowered the surface hydrophobicity.

The glycinin of soy was dissociated into subunits and the conformation of these
subunits had been changed after HPP. At 300 MPa and over, the ultraviolet absorbance of
hydrophobic regions, sulphydryl groups, and amino acid residues were changed
significantly; at 400 MPa for 10 min, the denatured completely of glycinin was observed
by DSC analysis; at 500 MPa for 10 min, the a-helix and B-sheet structures were destroyed
and converted to random coil, thus, the pressure level was the influence of the
conformational of soy glycinin (Zhang, Li, Tatsumi and Kotwal, 2003). Puppo et al. (2005)
reported that HPP (200, 400 and 600 MPa for 10 min at 10 °C) induced more ability for
proteins, and particularly B-7S and A-11S polypeptides, to be adsorbed at the oil-water
interface. Suzuki and Tada (2011) found that the firmer mixture gel was formed after HPP,
the gel strength and work done values were increased with the increase of pressure levels
from 100 MPa to 400 MPa; over 400 MPa, the gel formation dropped dramatically; those
indicated that the SH groups play a key factor in the gel of actomyosin and soy 11S under
HPP. 7S and 11S globulin have different emulsion properties treated by HPP. Puppoa et al.
(2011) found that 7S and 11S globulin emulsions (7%, w/v) behaved differently under the
temperature (20—60 °C) and HPP (0.1-600 MPa) combined treatments, 7S globulin was
responsible for the global properties of soy emulsions, whereas 11S globulin exerted a

negligible effect; the 7S emulsions was increased the flocculation and gelation, which
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caused by aggregation between adsorbed and aqueous 7S proteins. The calcium and HPP

combined was affected the thermal properties of soy protein isolate, a B-conglycinin-
enriched fraction, a glycinin-enriched fraction, and whey protein concentrate. The Tq of
glycinin was increased for every assayed calcium concentration, HPP promoted
denaturation of B-conglycinin and glycinin, and calcium protected both proteins in -
conglycinin-enriched fraction and glycinin-enriched fraction at 200 MPa, protected
glycinin in soy protein isolate and B-conglycinin-enriched fraction at 400 and 600 MPa
(Speroni, Anon & Lamballerie, 2010 and 2014). Guan et al. (2018) reported that the
hydrolytic efficiency of Corolase PP was increased and the surface hydrophobicity of the
hydrolysates were decreased treated by HPP (80-300 MPa), the higher bioactivities of
hydrolysates were observed under 200 MPa for 4 h, the small peptides (< 3 kDa) and the
amino acid sequences of these peptides with different inhibitory abilities were increased,
thus, HPP and Corolase PP combined could be used as a potential technology to produce
bioactive peptides from soy protein isolate.

1.2.5 The effects of allergenicity from soy protein by HPP

HPP could reduce the allergenicity of soy protein isolate for infant formula.
Recently, soy-based infant formula, as a replacement of milk for the lactose intolerant and
cows’ milk allergic infants, is being consumed more commonly, accounting for increased
uptake all over the world (Fomon & Ziegler, 1979; Bhatia et al., 2008; Klemola et al.,
2002). However, soy protein isolate contains some antigenic components, such as glycinin,
a-conglycinin, B-conglycinin and y-conglycinin. Some studies have reported the use of
HPP to reduce allergenicity of soy seeds, whey protein, condensed soy glycinin and soy
protein isolate (Pefias, Préstamo, Polo & Gomez, 2006; Penas, Gomez, Frias, Baeza, &
Vidal-Valverde, 2011; Savadkoohi, Bannikova, Mantri & Kasapis, 2016; Li, Zhu, Zhou &
Peng, 2012; Li, Jia, Peng, Zhu, Zhou & Guo, 2018). The soy whey protein, as a by-product
from the manufacture of tofu, has the antibodies against Gly m 1, which is an important
allergen of soybean that causes allergy by inhalation, the immunoreactivity was decreased
under 100-300 MPa for 15 min (Pefias, Préstamo, Polo & Gomez, 2006). Savadkoohi,
Bannikova, Mantri and Kasapis (2016) showed that the soy glycinin with twelve

disulphide linkages displays extensive unfolding at low to intermediate solid levels (30—
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60%, w/w), but it largely maintains native conformation at 70% and 80% (w/w) solids

showing about 20% denaturation under 600 MPa for 15 min at ambient temperature, as
compared to the thermal transition of native counterparts. Torrezan, Frazier & Cristianini
(2010) studied the effects of HPP (200-700 MPa) on antinutritional factors phytate and
trypsin inhibitor content in 5% soy protein isolate solution, and who found that the phytate
was efficient to eliminate treated by HPP, but the trypsin inhibitor content was not
changed. Li, Zhu, Zhou and Peng (2012) found that the processing pressure and duration
time could significantly influence the allergenicity reducing efficiency. Such as, the
allergenicity of soy protein isolate decreased 48.6% compared to the native under 300
MPa and 15 min, the reason is that the free SH content and hydrophobicity of soy protein
isolate were significantly increased under 200-300 MPa for 5—15 min; the two interactions
were progressively decreased treat by the levels above 300 MPa for 15 min; the secondary
structure of soy allergens interfered and the allergenicity by modifying conformation of
allergenic epitopes were decreased after HPP. Li et al. (2018) utilized the method of
proteomics to confirm allergen subunit differences of soy protein isolate between control
and HPP, and found that the allergenicity was decreased by 45.5% at 300 MPa for 15 min,
and altered the allergenicity of a and o' subunits of 7S globulin and A1 and Ala subunits
of 118 globulin, so that, the use of HPP could improve the safety of soy protein in infant
formula.

It is well established that HPP improved the properties of soy protein, 7S and 11S
glycinins. The proper pressure treatment of soy protein, 7S and 11S glycinins increased
the water holding capacity, gel and emulsion properties through affected the non-covalent
bond, covalent bond and protein conformation, and also reduced the allergenicity of soy
proteins in infant formula. In spite of great efforts, the mechanism of HPP on soy protein,
7S and 118 glycinins has not yet been obtained, which leads to get a clear understanding
of their behaviour is difficult. Therefore, the aim of this section is to investigate the
application of HPP and soy protein isolate to modify the properties of meat products,
increase the water holding capacity and texture of cooked gel meat products, and then the
used of HPP and soy protein isolate combinations to emulsion meat products could

improve the quality and lower the salt content in the meat industry.



Conclusions in section 1

1. We can confirm that HPP improves the properties of muscle, comminuted meat
and myofibrillar proteins, and found that the use of moderate pressure treatment of pre-
rigor meat seems to have potential since the meat will be tender and look normal color.
Reasonable high pressure processing could enhance the water holding capacity and texture
of comminuted meat, but the products lacked the cooked appearance and potential for
accelerated loss of flavour.

2. It is proven that the use of high pressure processing could improve the quality of
reduced-salt meat products through affected the non-covalent bond, covalent bond and
protein conformation of myofibrillar proteins, the water holding capacity and texture of
myofibrillar proteins will be increased produced by moderate pressure treatment.

3. We have established that HPP improved the properties of soy protein isolate. The
proper pressure treatment of soy protein was increased the water holding capacity, gel and
emulsion properties through affecting the non-covalent bond, covalent bond and protein
conformation, and also reduced the allergenicity of soy proteins in infant formula.

4. The main processing and materials of reduced-salt meat products are determined,
in accordance with the references. Thus, HPP and soy protein isolate combined can be
used to create reduced-salt meat products.

5. The review provides a theoretical basis for our experimental design.



SECTION 2.

ORGANIZATION, SUBJECTS, MATERIALS AND METHODS RESEARCH

2.1 Objects of research

2.1.1 Raw materials and ingredients

The longissimus dorsi of chilled pork [Duroc *x (Landrace % Yorkshire)] (Moisture,
71.35+0.52%; protein, 22.57+0.37%; fat; 2.83+0.26%; pH, 5.63+0.02) were derived from
the landrace (100+5 kg) which were slaughtered at the age of about 6 months provided by
the Gaojin Group (China), and the temperature after slaughter 24 h was 2~4 °C. After
removing of the visible connective tissue and fat, the pork meat was minced using a meat
chopper with a 6 mm holes plate (MGB-120, Shandong Jiaxin Food Machinery Co., Ltd.,
China). The ground meat (400 g each) was packaged in double plastic (nylon/PE) bags and
stored at -20 °C until use within 2 weeks. Pork back-fat (90.21+£0.56% fat) was purchased
from a local meat market (Xinxiang, China), and also was minced using a meat chopper
with a 6 mm holes plate. Soy protein isolate (91.32+0.83% protein) was provided by
Shandong Soy Foods co., Ltd (China). Pork myofibrillar protein was homemade from
longissimus dorsi of chilled pork.

Tris, EDTA, KCIl, MgCl,, NaCl, KoHPO4, KH2PO4, EGTA, NaN3, Triton, urea, and
glycine were analytical grades.

All the raw materials and ingredients meet the requirements of the current
regulatory documentation.

2.2 Research methods

2.2.1 Prepared meat batters

All the raw pork batters were prepared with 400 g pork meat, 80 g pork back-fat,
73.5 g ice water, 1% NaCl. In addition, and then added 0%, 2%, 4% soy protein isolate,
respectively. The pork batters were produced by a bowl chopper (Stephan UMC-5C,
Germany). The ground meat was thawed overnight at 4 °C prior to use. Briefly, the thawed
meat (400 g each), NaCl and 36.75 g ice water was chopped (1500 rpm) for 30 s; and then
added 80 g pork back-fat chopped (1500 rpm) for 30 s; prior to finishing with a high speed

(3000 rpm) emulsification for 60 s, and the 36.75 g ice water was continue to add for
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keeping the final temperature less than 10 °C. Immediately after chopping, the batter was

stuffed by a vacuum stuffer (VF608, Germany), in 24 mm diameter edible collagen
sausage casings (Shenguan Holdings (Group) Limited, China). Pork batters were hand
linked at 18 cm intervals, and weighed. Finally, the batters were vacuum packed for
subsequent pressure processing.

2.2.2 Extraction of myofibrillar protein and preparation of mixed protein
solutions

The myofibrillar protein was extracted from 2 kg of ground pork meat. First, the
ground meat was thawed overnight at 4 °C prior to extracting. Next, the ground meat was
homogenized in four volumes of a buffer (100 mmol'L! Tris, 10 mmol'L"! EDTA, pH 8.3)
in a homogenizer (T25, IKA, Germany). The homogenates were centrifuged (4 °C) at
1000xg for 20 min (Sorvall LYNX4000, Thermo Fisher Scientific, Germany). Removed
the supernatant and the sediments were resuspended in four volumes of a buffer (100
mmol'L! KCl, 20 mmol-L! K;HPO4/KH;PO4, 2 mmol'L! MgCl,, 1 mmol'L! EGTA, 1
mmol-L! NaN; pH 7.0) and centrifuged at 1000xg for 10 min under the same conditions
above for another twice. After that, the sediments were resuspended in four volumes of
another buffer (100 mmol'L"! KCI, 20 mmol-L! K,;HPO4/KH,PO4, 2 mmol-L! MgCl,, 1
mmol'L! EGTA, 1 mmol-L! NaN3, 1 % Triton X-100, pH 7.0), and then centrifuged

(1500xg for 10 min) at 4 °C. Removed the supernatant, sediments were resuspended in
four volumes of 0.1 mol-L"! KCI solution and centrifuged at 1500xg for 10 min (4 °C).
Next, sediments were resuspended in four volumes of 0.1 mol-L! NaCl solution and
centrifuged at 1500xg for 10 min (4 °C). Finally, the purified myofibrillar protein
sediment was obtained, stored at 4°C and used within 24h. The protein content was
measured by the Biuret method using bovine serum albumin (BSA) as the standard.

The myofibrillar protein was diluted to 60 mg/mL [dissolved in 50 mmol/L
K>HPO4/KH2PO4 with 1% NaCl (Weight of NaCl/Weight of myofibrillar protein solution),
pH 6.0], respectively. Then, the 0% (C1), 2% (C2), and 4% (C3) soy protein isolate
(Weight of soy protein isolate/Weight of myofibrillar protein solution) was added to the
100 mL myofibrillar protein solutions, which were loaded into a 200 mL beaker,

respectively. The protein solutions were mixed uniformly using a homogenizer (T25, IKA,
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Germany) in an ice bath, according to the following procedure: 3000 rpm, 20 s; and 5000

rpm, 50 s. The solutions were then centrifuged at 500xg (4 °C, 3 min) to remove any air
bubbles, vacuum conditioned in a bag, and stored at 242 °C for at least 12h to allow
maximum protein dissolution.

2.2.3 High pressure treatment

The batters or myofibrillar proteins were treated by different pressures using a high
pressure vessel (S-FL-850-9-W/FPG5620YHL, Stansted Fluid Power Ltd., Stansted, UK),
the temperature was controlled through a thermo-stating circulator water bath. The high
pressure procedure was as follows: pressure, 0.1, 100, 200, 300, and 400 MPa; time, 10
min; temperature, 10+2 °C. The compression rate was approximately 3 MPa/s, and the
decompression step was reached immediately (< 3 s). Following, all batters (apart from
those used for rheology measurement) were heated at 80 °C for 30 min until the internal
temperature 72 °C. Immediately, the cooked batters were cooled by running water and
stored at 4 °C.

2.2.4 Determination of texture

The texture profile analysis of cooked pork batters (the cylindrical-shaped with a
diameter of 20 mm and a height of 20 mm) or cooked myofibrillar protein solution was
carried out using a texture analyzer (TA-XT plus Texture analyzer, Stable Micro Systems,
UK) with an aluminum cylindrical probe P/36R, and provided with the instrument (Fig.
2.1). Parameters as follow: pre-test speed 2 mm/s, test speed 2 mm/s, post-test speed 2
mm/s, compression ratio 40 %, trigger force 5 g, and 5 s was allowed between the two
compression cycles. The indicators of hardness, springiness, cohesiveness and chewiness
(hardness x cohesiveness x springiness) were determined. Each measurement was

replicated 5 times.
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Fig. 2.1 The parameter definition interpretation of qualitative curve analytical method

Hardness. It is the biggest peak of compression for the first time.

Springiness. The quotient or volume ratio of the compressed deformed sample to
the preformed condition after removing the deforming force. Elasticity is expressed by the
ratio (Length2/ Lengthl) of the specimen recovery height (Length 2) measured in the
second compression to the first compression deformation (Length 1).

Cohesiveness. The relative resistance of the test sample to the second compression
after the first compression deformation is shown in the curve as the ratio of positive work
(Area 2/Area 1) of the two compressions. This value represents the total work required to
overcome the attraction between the two surfaces when the probe comes into contact with
the sample.

Chewiness. It is only used to describe the test sample in a solid state, indicating the
energy required to chew the solid sample into a stable state when swallowing. The
numerical value is expressed by the product of the stickiness and elasticity (hardness X
cohesive elasticity).

2.2.5 Low field NMR measurements

Low field NMR relaxation measurements were carried out according to the method
of Kang et al. (2017). About 2 g of the cooked pork batter or myofibrillar protein was
placed in a 15 mm glass tube and inserted in the NMR probe of a Niumag Pulsed NMR
analyzer (PQO01, Niumag Electric Corporation, Shanghai, China). Spin-spin relaxation
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time (T2) was measured making a t-value of 350 ps by the Carr—Purcell-Meiboom—Gill

sequence at a resonance frequency of 22.6 MHz, 32 °C. Post processing of T2 data
distributed exponential fitting of Carr-Purcell-Meiboom-Gill decay curves was performed
by Multi-Exp Inv Analysis software (Niumag Electric Corp., Shanghai, China). Each
measurement was replicated 4 times.

2.2.6 Determination of colour

The colour (L*, a” and b” values) of cooked batter or myofibrillar protein core was
measured by a colourimeter (CR-400, Minolta, Japan), the calibrated white plate is
L'=96.86, a"™=-0.15, b*=1.87.

2.2.7 Determination of pH

About 10g cooked batter or myofibrillar protein and 40mL distilled water were
homogenized at 15,000 rpm, 10 s. Immediately, the pH of solution was measured by a pH
meter (Hanna, Italy). All analyses were carried out in triplicate.

2.2.8 Determination of emulsion stability

Emulsion stability of pork batters was measured as follows: approximately 25 g raw
batter was put in a 50 mL centrifuge tube and centrifuged at 500xg at 4 °C for 15 min
(Model 225, Fischer Scientific, Pittsburgh, Pa., U.S.A.) to eliminate any air bubbles. Each
sample was cooked in an 80 °C water bath for 20 min, then removed from the water bath,
uncapped and the left inverted for 50 min on paper tissues to release any exudate at 20 °C.
The total fluid released (TR) was expressed as % of the initial sample weight; the smaller
the TR, the better the emulsion stability. The water released component (WR, % of the
initial sample weight) was determined from the dry matter content of the TR after heating
at 105 °C for 16 h. The fat released component (FR, % of the initial sample weight)
ignored any minor protein or salt components and was taken as the difference between TR
and WR.

2.2.9 Determination of cooking yield

The cooking yield of pork batters or myofibrillar protein was calculated according
to the following formula:

Cooking yield (%) = cooked meat batter/raw meat batter x 100%  (2.1)

Each measurement was replicated 5 times.



2.2.10 Determination of rheology

Dynamic rheological studies were performed on a HAAKE MARS dynamic
rheometer (Thermo Scientific, American). A P35TiL parallel steel plate geometry with a
0.5 mm gap was used. The raw batter or myofibrillar protein was placed between the flat
parallel plates with its perimeter coated with a thin layer of silicone oil to prevent
dehydration. Samples were heated at a rate 2 °C/min from 20 °C to 80 °C. During this
heating process, the sample was continuously sheared in an oscillatory mode at a fixed
frequency of 0.1 Hz. Changes in the storage modulus (G' 1. e. the rigidity due to the elastic
response of the material) were measured during the process with increasing temperatures
(either elastic or storage modulus (G') was recorded). Each sample was measured in
triplicate.

2.2.11 Raman spectroscopic analysis

Raman experiments of the cooked batters were measured by a procedure of Zhu et
al. (2018). The cooked batters were spread on a glass slide before measurement. The
spectra were obtained in the range of 400 cm™ to 4000 cm!. Each spectrum of cooked
batters was determined under the following conditions: three scans, 30 s exposure time, 2
cm! resolution, sampling speed 120 cm™!/min, and data collection every 1 cm!. Spectra
were smoothed, baselines corrected and normalized against the phenylalanine band at
1003 cm™!. The result showed the changes in secondary structures of pork proteins as
percentages of a-helix, B-sheet, B-turn, and random coil.

2.2.12 Total and reactive sulfhydryl groups

The total and reactive sulthydryl groups were measured following the methods of
Ellman (1959) with some modifications. Briefly, the myofibrillar protein solution with
varying soy protein isolate addition was diluted into 5 mg/mL, and it was treated for 10
min under 200 MPa, at 10+2 °C. After that, 1.5 mL myofibrillar protein solution (5
mg/mL) was suspended in 10.0 mL of Tris-glycine buffer (0.086 mol/L Tris, 0.09 mol/L
glycine, 4 mmol/L EDTA, 8 mol/L urea, pH 8.0). A 50 uL of Ellman reagent (4 mg DTNB
was dissolved in 1 mL Tris-glycine buffer) was added to all the above treatments. The

water bath was applied for 1 h at 25+1 °C after the vortex oscillation. After centrifugation
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at 12000xg for 10 min, the supernatant was obtained, and the absorbance was measured at

412 nm. As for the calculation, an extinction coefficient of 13600 M ! cm™! was applied.

2.2.13 Surface hydrophobicity

The surface hydrophobicity of myofibrillar protein solutions with various amounts
of soy protein isolate was measured following the methods of Yong sawatdigul and Park
(2003). The specific operation was as follows: the myofibrillar protein solution was
adjusted to 2 mg/mL with 50 mmoL/L phosphate buffer (pH, 6.0). The sample (1 mL) was
vortexed for 10 min after mixing with 0.2 mL BPB (1 mg/mL). The supernatant was taken
after centrifugation at 2000xg for 15 min, and the bound of BPB was monitored using a
UV-scanning spectrophotometer at 595 nm after a dilution of 10 times. The BPB bound
(Ho) of the protein surface was calculated according to the following formula:

BPB bound (pg) =200 pg x (OD control — OD sampte) / OD control (2.2)

2.2.14 Cool storage

All the cooled cooked batters were stored at 2+2 °C for 60 days. Analyses were
performed at the 1st, 30th and 60th days. Therein, the samples of C were cold stored at the
Ist, 30th and 60th days named as Clst, C30th and C60th; the samples of T were cold
stored at the 1st, 30th and 60th days named as T1st, T30th and T60th, respectively.

2.2.15 Determination of storage loss
Storage loss of cooked batters was measured at 1st, 30th and 60th days, respectively.
Sample with casing was weighed (weight sample). The surface water of the product was
absorbed using filter paper and reweighed (weight product). Storage loss was calculated as
a percentage of the original weight. The calculation formula is shown as follows:
Storage loss (%) = (weight sample — weight product)/weight sample x 100 (2.3)
2.2.16 Determination of total plate count
A 10 g sample of pork batter was ground in a sterile pestle and mortar with 90 mL
sterile 0.1% peptone water. Appropriate dilutions of samples were prepared in sterile 0.1%
peptone water and plated, in duplicate, on the growth media by using the pour plate
method. Plate count agar was used for total plate count. The plates were incubated at 35+2

°C for 24 h, colonies were counted and expressed as logl0 CFU.g! sample.



2.2.17 Determination of TBARS

According to the method of Ulu (2004), the changes in TBARS of cooked batter
were determined. Approximately 10 g pork batter was homogenized and transferred to a
Kjeldahl flask followed by the addition of 97.5 mL of distilled water and 2.5 mL of 6 N
HCI. The mixture was heated with steam distillation until 50 mL of distillate was collected.
SmL of distillate was added to SmL of thiobarbutiric reactive reagent containing 0.02
mol/L TBA in 90% glacial acetic acid and incubated in boiling water for 35 min. After
cooling with tap water, the absorbance of the pink solution was read at 538 nm. The
constant 7.8 was used to calculate the distillation TBARS number.

2.3 Planning an experiment and conducting a Research

To ensure a clear and consistent implementation of theoretical and research works, a
detailed research plan was developed. (Fig. 2.2). It provided for a theoretical justification
for the development of new technology to produce reduced-salt pork meat batter using
HPP and soy protein isolate combinations. and to ensure a clear and consistent
implementation of theoretical and research works, a detailed research plan was developed
(Fig. 2.2). It provided for a theoretical justification for the development of a new reduced-
salt pork meat batter using the technology of HPP and soy protein isolate combinations,
determination of the optimal pressure levels and soy protein isolate additional,
development of technological schemes of reduced-salt pork meat batter, experimental
research on the study of their quality and shelf-life, in the production of packing stations.

Theoretical researchers were carried out in the following areas. Review of domestic
and foreign literature on the problems of reducing salt in meat products, using the HPP and
soy protein isolate to produce meat products, and ways to solve it; analysis of properties
and existing technologies of reduced-salt meat products, and modified the muscle protein
and soy protein isolate using HPP; analysis of prospects for the use of the technology of
HPP and soy protein isolate combinations in reduced-salt meat products.

On the basis of the theoretical research was formulated the main purpose of the
study and individual tasks of its achievement. In the first stage, determined the water

holding capacity, techno-functional properties and protein conformation of reduced-
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sodium pork meat batters with different soy protein isolate which were produced by HPP,

and thereby establishing a method to obtain pork meat batter with desirable quality.

THEORETICAL TYPE
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v

Development of standard documentation and industrial processing of developed technology

Fig. 2.2. The technology road map about planning an experiment

In the second stage, complete the experiment of “Effects of soy protein isolate on

gel properties and water holding capacity of reduced-salt pork myofibrillar protein under

high pressure processing”, and understand the mechanism of how to improve the techno-

functional properties of pork myofibrillar protein using the technology of HPP and soy
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protein isolate combinations, especially the changes of gel properties, water holding

capacity and protein conformation.

In the third stage, complete the experiment of “Techno-functional properties, water
distribution and mobility of reduced-salt pork batters with soy protein isolate as affected
by pressures”, to evaluate the changes of techno-functional properties and water holding
capacity of reduced-salt pork batter under different pressures.

In the fourth stage, complete the experiment of “Effects of soy protein isolate on gel
properties and water holding capacity of reduced-salt pork myofibrillar protein under high
pressure processing”’, the directions were determined and recommendations for the use of
the technology of HPP and soy protein isolate combinations for the production of reduced-
salt pork batter were developed. The fifth stage was the implementation of research results
in practice.

The experimental part of the dissertation was carried out in laboratories of Food
Technologies Faculty of Sumy National Agrarian University (Sumy, Ukraine), Henan
Institute of Science and Technology ‘“National Pork Research and Development
Technology Center ” (Xinxiang, PR China).

Industrial approbation of the results of the study was carried out in production
conditions on the basis of the factory in Nanjing Huang Professor Science and Technology
Food Co. LTD, (China), Henan Zhongpin Food Industry Co. LTD, (China), and Hua
County Ji Xianda Food Co. LTD, (China).

2.4 Statistical processing of research results

The experiment was repeated four times on different occasions (n=4), using
different samples (pork batters or myofibrillar protein solutions with 0%, 2% and 4% soy
protein isolate). In each replication, three different protein solution formulations were
prepared. The data were analyzed through the general linear model (GLM) procedure
using the statistical software package SPSS v.18.0, considering the treatments (different
soy protein isolate content) as a fixed effect and the replicates as a random effect.
Significant differences between means were identified by the LSD procedure. The results
in the tables and figures are expressed as mean values and standard errors (mean + SE).

The difference between means was considered significant at P < 0.05.



Conclusions in section 2

1. Methodological approaches adopted in the dissertation work that include
theoretical research, raw materials and ingredients, experiment methods, practical testing,
technology promotion, subordinate various methods of research for the only goal decision
set in the dissertation work scientific problem.

2. The object of research of dissertation work is determined. The use of high
pressure processing and soy protein isolate combined improve the techno-functional
properties of reduced-salt pork batter, to produce the reduced-salt pork batter with good

quality, such as reduced-salt sausages and meatballs.



SECTION 3.
EFFECT OF SOY PROTEIN ISOLATE ON THE WATER HOLDING CAPACITY,
TECHNO-FUNCTIONAL PROPERTIES AND PROTEIN CONFORMATION OF

LOW-SODIUM PORK MEAT BATTERS TREATED BY HIGH PRESSURE

Pressure, volume, and protein material due to structural differences appear to
different degrees of compression deformation, when the deformation degree is large
enough. It may affect the combination between protein molecules form, causes the
destruction and restructuring of key, which also affects the functional characteristics of
protein. Moreover, protein molecule conformation may bring better functional
characteristics due to the sudden release of pressure after pressure is withdrawn. An
increase in water holding capacity due to the interaction of HPP and salt in pork meat
batter, may be because increasing sodium chloride causes increasing denaturation of
muscle proteins in HPP treated meat batters and favors the solubilization of proteins and
the formation of a gel network that retains water and fat. Soy protein isolated as the
ingredients is widely used in low temperature emulsified meat products, because it has the
moisture adsorption and machining process of moisture keeping ability. How to add soy
protein isolate without reducing the quality of emulsified meat products is a difficult
problem that needs to be solved urgently. Therefore, the aim of this section was to
determine the water holding capacity, techno-functional properties and protein
conformation of reduced-sodium pork meat batters with different soy protein isolate which
were produced by HPP, and thereby to establish a method obtain pork meat batter with
desirable quality.

3.1 Cooking yield

The effect of HPP with various amounts of soy protein isolate on the cooking yield
of pork batters is shown in Fig. 3.1. A higher cooking yield of pork batters reflects a better
water holding capacity. We can observe that all the cooking yield of pork batters with

various amounts of soy protein isolate were increased significantly (P < 0.05) compared
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with the CI1, but the cooking yields of C1 and C2 were not significantly (P < 0.05)

different.
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Fig. 3.1 Effect on cooking yield (%) of pork meat batters by high pressure processing with
different soy protein isolate.
C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.
Each value represents the mean = SD, n = 4.

*¢ Different parameter superscripts in the figure indicate significant differences (P < 0.05).

We assumed the reason is that adding the 2% soy protein isolate could hold the
water of pork batters very well, so increasing the soy protein isolate addition could not
improve the cooking yield. The other, the emulsifying activity of 11S globulins were
significantly improved at 200 MPa, which enhanced the water holding capacity of soy
protein isolate. The use of the soy protein isolated, wheat flour, and k-carrageenan as a
binder, showed that the addition of binders improved water-binding properties of pressure
or non-pressure-induced restructured pork. The use of the dried egg white as a fat
replacement to obtain a low-fat chicken gel by means of HPP, the water binding properties
and hardness were improved, suggesting their participation in the network structure
coupled to the myofibrillar proteins, and noted that the modifying certain functional

characteristics of chicken meat gels with low fat content by means of HPP and the addition
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of dried egg white. Thus, we established the addition of soy protein isolate could improve

the cooking yield of pork batters.

3.2 Texture properties
The texture of cooked pork batters was affected significant (P < 0.05) by HPP and

soy protein isolate combinations (Table 3.1).

Table 3.1 - Texture of cooked pork batters by high pressure processing with different soy

protein isolate

Sample  Hardness (N) Springiness ~ Cohesiveness ~ Chewiness (N mm)

Cl 47.32+1.12¢  0.837+0.008" 0.641+0.005¢  27.05+0.85°¢
C2 53.21+0.98*  0.863+0.009* 0.687+0.007*  35.68+0.89?
C3 50.42+1.05°>  0.835+0.007° 0.655+0.008>  29.67+0.96°

C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.
Each value represents the mean = SD, n = 4.

a¢ Different parameter superscripts in the table indicate significant differences (P < 0.05).

We observed that all the hardness, springiness, cohesiveness and chewiness of pork
batters with various amounts of soy protein isolate were increased significantly (P < 0.05)
compared with the C1, except for the springiness of C3. Compared with the C3, the
hardness, springiness, cohesiveness and chewiness of pork cooked batter with 2% soy
protein isolate (C2) were significantly increased (P < 0.05). HPP processing induced
texture modifications have been used to affect myofibrillar proteins and their gel-forming
properties, raising the possibility of the development of processed comminuted meat
products. Over 200 MPa treatment, the protein extractability was decreased significantly
in meat batters, and caused protein denaturation and/or aggregation, which limited their
functionalities. Although the soy protein isolate has good water- and fat- holding capacity,
and excellent gelling and structuring behaviour, some papers have reported that
excessively adding the soy protein isolate could lower the texture of meat batters.
Therefore, we obtained that the pork cooked batter with 2% soy protein isolate had the

best texture.



3.3 Low field NMR

The effects of relaxation time and peak ratio of cooked pork batters by HPP
processing with different soy protein isolate were determined (Fig. 3.2 and Table 3.2). We
can observe that there were three characteristic peaks in the cooked pork batters, which
were named as Ta, T21 and Tao, respectively. Top, is assigned to water tightly associated
with protein and macro-molecular constituents, the relaxation population centered at
approximately 0-10 ms in the cooked pork batters. The relaxation population of T is
centered at approximately 10-100 ms, which is a major component and considered to intra-
myofibrillar water and water within the protein structure. Tz, corresponds to extra-
myofibrillar water and centered at approximately100-400 ms. Compared with the C1, the
initial relaxation times of Tz, T21 and T2, were quicker (P < 0.05) in the C2 and C3, the
result indicated that the cooked pork batters made with various amounts of soy protein
isolate were bound tightly, because the changes of fast relaxing protein and slowly

relaxing water protons.
These also were in accordance with the changes of texture and cooking yield (Table
3.1 and Fig. 3.1). We assumed the reason is possible that the soy protein isolate had
excellent gelling and structuring behavior, then a better gel structure of cooked pork
batters by HPP was formed when added the soy protein isolate. The emulsifying activity
of 11S globulins of soy protein isolate was significantly improved at 200 MPa, through the
changes of protein solubility, surface hydrophobicity, free SH content and secondary
structure. All the peak ratios of T2, were no significant differences (P > 0.05), C2 and C3
had the smallest peak ratios of T2», and had the largest peak ratio of T»i. Added the soy
protein isolate and HPP processing combinations could increase the protein content, more
meat proteins can become available for gel formation of the meat matrix. These caused the
water tightly associated with protein and macromolecular constituents to decrease, and
improve water holding capacity of cooked meat batters. Therefore, adding the soy protein
isolate increased the water holding capacity, and improved the texture of cooked meat

batters.
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Fig. 3.2 Curves of relaxation time (T2) in cooked pork batters by high pressure
processing with different soy protein isolate.
C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.

Each value represents the mean = SD, n = 4.

Table 3.2 - Relaxation time (ms) and peak ratio (%) of cooked pork batters by high

pressure processing with different soy protein isolate

Relaxation time (ms) peak ratio (%)
Sample
T2 T2 T2 Tap T2 T2
Cl 1.95+0.13% | 44.23+1.42% | 265.51+4.26* | 1.22+0.15% | 85.66+2.36° | 13.26+0.852
C2 1.12+0.15% | 37.25+1.59° | 232.87+4.68" | 0.96+0.12% | 91.87+2.45* | 8.31+0.80°
C3 1.06+0.11° | 36.30+1.45° | 227.52+4.31° | 1.03£0.12%* | 93.26+2.14* | 7.03£0.86°

C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.
Each value represents the mean = SD, n = 4.

b Different parameter superscripts in the table indicate significant differences (P < 0.05).




3.4 Instrumental colour
Table 3.3 - Effect on colour of pork meat batters by high pressure processing with

different soy protein isolate.

Sample L" value a” value b* value
Cl 58.92+1.45° 6.27+0.602 9.52+0.45¢
C2 62.35+1.68% 4.65+0.49° 11.26+0.57%
C3 64.21+1.44% 4.134+0.53° 12.55+0.48?

C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.
Each value represents the mean = SD, n = 4.

a¢ Different parameter superscripts in the table indicate significant differences (P < 0.05).

The effect of HPP processing and added soy protein isolate on the colour of batters
is shown in Table 3.3. The result showed that all the L and b values of pork batters with
various amounts of soy protein isolate were significantly increased (P < 0.05) compared to
the C1, the " values were decreased significantly (P < 0.05), but the L*, a" and b" values of
C2 and C3 were not significantly different (P > 0.05). HPP could induce the changes in
functional properties of soy protein isolate, such as improved solubility, water holding
capacity, emulsification activity index, and foam capacity. In this experiment, we found
that the pork back-fat globules were covered by soy protein isolate after adding the soy
protein isolate, and formed smaller back-fat globules which had more surface area and
then reflect more light. The L* and 5" values of frankfurters were increased, the a” value

was lowered when added pre-emulsified soy oil with soy protein isolate.

3.5pH

The pH of cooked pork batters was affected significantly (P < 0.05) by HPP and soy
protein isolate combinations (Fig. 3.3). We found that the pH was significantly increased
(P <0.05) when added soy protein isolate. The main reason was that the pH of soy protein
isolate was 7.21+0.06, which could improve the pH of cooked pork batters. But there were

no significant differences (P > 0.05) with soy protein isolate increased. The other reason



83
was possible that more alkaline residues of pork batters were exposed which were treated

by HPP and soy protein isolate combinations.
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Fig. 3.3 Effect on pH of pork meat batters by high pressure processing with different
soy protein isolate.
C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.
Each value represents the mean = SD, n = 4.

b Different parameter superscripts in the figure indicate significant differences (P < 0.05).

3.6 Emulsion stability

The effects of emulsion stability of pork batters by HPP with different soy protein
isolate were determined (Table 3.4). The TR, WR and FR were significantly decreased (P
< 0.05) with soy protein isolate increased. It is well known that as a binder or filling agent
of commonly useful vegetable protein in the meat industry, soy protein isolate has good
water and fat holding capacity, and excellent gelling and structuring behaviour.
Meanwhile, the emulsifying activity of 11S globulins was significantly improved at 200
MPa, that enhanced the emulsified stability of soy protein isolate. Due to the ability of soy
protein isolate to form gels with good water and oil holding capacity during heating, which
improved the stability of pork meat batter and decreased the TR, WR and FR with the
increase in content of soy protein isolate. The result was in agreement with the result of

cooking yield and low field NMR, we exhibited that the pork batters with soy protein
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isolate had less water out the cooked pork batter and free water, these were in agreement

with the emulsified stability of pork batters.

Table 3.4 - Effect on emulsion stability of pork meat batters by high pressure processing

with different soy protein isolate.

Sample TR (%) WR (%) FR (%)
Cl 10.21+£0.652 8.85+0.46° 1.56+0.212
C2 6.03+£0.58° 5.324+0.41° 0.744+0.17°
C3 4.27£0.71¢ 3.84+0.52¢ 0.36+0.18¢

TR: total fluid release; WR: water released component (% of the initial sample weight);
FR: fat released component (% of the initial sample weight).
C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.
Each value represents the mean = SD, n = 4.

¢ Different parameter superscripts in the table indicate significant differences (P < 0.05).

3.7 Dynamic rheology

The G’ values of raw meat batters treated by HPP with different soy protein isolate is
shown in Fig. 3.4. C1, C2 and C3 had similar heating curves and three phases evident from
20 °C to 80 °C. Because of the gelation was initiated following, increased from 42 °C to
51 °C (C1), 43 °C to 52 °C (C2), and 43 °C to 52 °C (C3), respectively. The main proteins
in soy protein isolate are glycinin (11S) and B-conglycinin (7S), which usually are present
in the proportion of 34% and 27% of total protein content, and denaturation temperatures
are about 68 °C and 90 °C, respectively. The result indicated that adding the soy protein
isolate could delay the thermal denaturation of meat protein, so the denaturation
temperatures of C2 and C3 were higher than C1. Secondly, the G’ values of C1, C2 and C3
were slightly decreased from 52 °C to 58 °C, 53 °C to 59 °C, and 54 °C to 59 °C,
respectively. The main reason was the protein network of previously formed was disrupted
caused by the denaturation of the myosin tails. The results demonstrated that added soy
protein isolate and treated by HPP processing could decline the pre-gel effects generated

by the denaturation of myosin tails. Immediately, because of protein-protein interactions,
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the transformation from a viscous sol to an elastic gel network, as a result of a rapid

increase in G’ occurred at approximately 58 °C as the temperature improved to 80 °C. On
the other, the end G’ values was positively correlated with the hardness of cooked pork
batters. The G’ values at 80 °C of C1, C2 and C3 were 33.31 kPa, 48.43 kPa and 44.08 kPa,
respectively. We obtained that the result was in agreement with the result of hardness, C2

had the highest hardness.
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Fig. 3.4 Effect on rheological property of pork meat batters by high pressure
processing with different soy protein isolate.

C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.



3.8 Raman spectroscopy
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Fig. 3.5 - Raman spectra of pork meat batters by high pressure processing with different
soy protein isolate in the region 1600—-1700 cm™!

C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.

Table 3.5 - Effect on secondary structures (a-helix, B-sheet, B-turn, random coil, %) of

pork meat batters protein by high pressure processing with different soy protein isolate

Sample a-helix B-sheet B-turn Random coil
Cl 51.64+1.85% 20.83+0.84>  17.77+0.38>  11.42+0.26¢
C2 45.6242.13°  24.12+0.76*  18.58+0.32*  12.574+0.21°
C3 42.36+1.92° 2526+0.82*  18.81+0.41*  14.224+0.29?

C1: 0% soy protein isolate; C2: 2% soy protein isolate; C3: 4% soy protein isolate.
Each value represents the mean = SD, n = 4.

¢ Different parameter superscripts in the table indicate significant differences (P < 0.05).

The percentages of the secondary structures of proteins in the cooked batters treated
by HPP with different soy protein isolate is shown in Table 3.5 and Fig. 3.5. We can
observe that the strongest intensity bands of Amide I in the Raman spectra of C1, C2 and
C3 were the 1659 cm™!, 1661 cm™', and 1662 cm™!, respectively. The content of the a-
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helix structure was significantly decreased (P < 0.05), and B-sheet, B-turn, random coil

structures were significantly increased (P < 0.05) when added soy protein isolate. It is well
known that the secondary structures of glycinin (11S) and B-conglycinin (7S) have three
conformations, there are a-helix, B-sheet and B-turn. They contained about 35% of B-sheet
structure, while the a-helix structure was negligible. The B-sheet and o-helix structures
content of glycinin were about 56% and 16% through the circular dichroism spectrum
measured, respectively. Thus, the main secondary structure of soy protein isolate is B-sheet.
When added the soy protein isolate to pork meat batter, the o-helix structure was
significantly decreased (P < 0.05). Due to the presence of soy protein in heated meat
batters, the B-sheet and random coil structure contents were significantly (P < 0.05)
increased and a-helix structure content was significantly (P < 0.05) decreased. The a-helix
structure content was significantly (P < 0.05) decreased accompanied by a concomitant
increase in B-sheet structure content in chopped pork batters with soy protein isolate. An
increase in hydrogen bonding could induce more a-helix structure to change into B-sheet
structure during protein denaturation with soy protein isolate. However, the random coil
structure content was increased significantly (P < 0.05), the a-helix, B-turn, PB-sheet
structures were not significantly different (P > 0.05) with increasing the soy protein isolate
content. In addition, the secondary structures are sensitive, when HPP processing induced
changes in the hydrogen bonding scheme, and the increase of protein surface
hydrophobicity and sulfhydryl content. So the a-helix structure content decreased
significantly (P < 0.05) and B-sheet, B-turn and random coil structures content increased
significantly (P < 0.05) in the pork meat batters protein by HPP processing with different
soy protein isolate.

Conclusions in section 3

1. We obtained that the effect of high pressure and soy protein isolate combinations
on the gel properties, rheological property and protein conformation of pork batters was
significant differences.

2. The result showed that the pH, L™ and b" values, cooking yield and hardness,
cohesiveness and chewiness, G' values at 80 °C were significantly increased when added

soy protein isolate, but the a* values, TR, WR and FR were significantly decreased. The
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TR, WR and FR, G' values at 80 °C were significantly decreased with the soy protein

isolate increased.

3. The result of low field NMR exhibited that the batters with soy protein isolate had
less water out the cooked pork batter and free water.

4. The a-helix structure changed into B-sheet, B-turn and random coil structures when
added soy protein isolate, and the random coil structure content was increased

significantly with the soy protein isolate increased.
5. We determined that the 2% soy protein isolate addition could improve the water
holding capacity, texture and techno-functional properties of pork batters treated by high

pressure.



SECTION 4.
EFFECTS OF SOY PROTEIN ISOLATE ON GEL PROPERTIES AND WATER
HOLDING CAPACITY OF REDUCED-SALT PORK MYOFIBRILLAR PROTEIN

UNDER HIGH PRESSURE PROCESSING

Myofibrillar protein is a salt-soluble protein, dissolvable in high-ionic-strength
solutions (> 0.3 mol/L). It is the major functional protein in meat processing, and it
determines the water-holding capacity and gel properties of emulsion meat products. NaCl
plays a key role in the solubilization of myofibrillar proteins. Their solubility decreases as
the level of NaCl decreases, which also lowers the water-holding capacity and texture
properties of the gel. HPP could enhance the functional properties of myofibrillar proteins,
and changes in protein conformational structures were caused. These findings could help
to improve the gel properties of myofibrillar proteins. At low pressure levels (< 200 MPa),
the solubility of myofibrillar proteins improved. Conversely, when the pressure was
greater than 300 MPa, the solubility of myofibrillar proteins was reduced, and a large
aggregate was formed. Therefore, HPP could affect molecular interactions and protein
conformations, leading to denaturation, dissociation, and aggregation of myofibrillar
proteins, and resulting in modified functional properties. The other, HPP could change the
functional properties and structure of soy protein isolate. However, as far as we know, few
studies reported the effect of soy protein isolate on techno-functional characteristics of
reduced-salt pork myofibrillar protein under HPP. Therefore, for understanding the
mechanism of improving the quality of reduced-salt pork batter through HPP and soy
protein isolate, in this section, we evaluate the effects of soy protein isolate on gel
properties and the water-holding capacity of reduced-salt pork myofibrillar protein under
HPP, and thereby find a way to improve the techno-functional characteristics of reduced-
salt (1% NaCl) pork myofibrillar protein.

4.1 Colour

The colour of cooked pork myofibrillar proteins with various amounts of soy protein

isolate that was subjected to HPP processing is shown in Table 4.1. We can observe that
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the L*, a”, and b" values significantly increased (P < 0.05) when soy protein isolate was

added. However, the L" values did not show significant differences (P < 0.05); meanwhile,
the a* and b* values were significantly increased (P < 0.05) with the soy protein isolate
increased.

Table 4.1 - Effect on colour (L*, a” and b" values) of cooked pork myofibrillar

proteins with various amounts of soy protein isolate under high pressure (200 MPa, 10+2

°C, 10 min).

Sample L" value a” value b* value
Cl 73.44+0.67° -2.54+0.11¢ -5.23+0.13¢
C2 77.32+0.81% -0.95+0.10° -2.204+0.09°
C3 79.01+0.728 0.63+0.092 0.32+0.11%

C1, 0% soy protein isolate; C2, 2% soy protein isolate; C3, 4% soy protein isolate.
Each value represents the mean + SE, n=4.

¢ Different superscripts in the same column indicate significant differences (P < 0.05).

We assumed the reason is that the structure of cooked pork myofibrillar proteins
was improved when the soy protein isolate and 200 MPa treatment were combined, and a
better gel structure has a higher L* value. An increased/denser network structure causes a
higher light reflectance, thereby an increasing lightness. The result implied that added 2%
or 4% soy protein isolate and HPP combined could promote the myofibrillar proteins to
form a better structure. In addition, because soy protein isolate was darker than the
myofibrillar proteins, the a* and b* values decreased significantly (P < 0.05) when 2% and

4% soy protein isolate were added.

4.2 Cooking yield

Cooking yield is a key factor for determining the water-holding capacity of pork
myofibrillar proteins during the heating processing. The cooking yield of pork myofibrillar
proteins with various amounts of soy protein isolate under HPP is shown in Fig. 4.1. We
can see that the cooking yield improved significantly (P < 0.05) when the soy protein

isolate concentration was increased. It is well known that soy protein isolate could absorb
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water three times its own weight during the heating processing. The water- and fat-holding

capacities of soy protein isolate increased following the HPP.
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Fig. 4.1 - Effect on cooking yield of pork myofibrillar proteins with various amounts of
soy protein isolate under high pressure processing (200 MPa, 10£2 °C, 10 min).
C1, 0% soy protein isolate; C2, 2% soy protein isolate; C3, 4% soy protein isolate.
Each value represents the mean = SE, n=4.

a¢ Different superscripts in the same column indicate significant differences (P < 0.05).

4.3 Texture measurement

Texture is an important indicator that can reflect the quality of meat products. The
texture characteristics of cooked pork myofibrillar proteins with various amount of soy
protein isolate by HPP processing is shown in Table 4.2. We found that the hardness,
cohesiveness, and chewiness increased significantly (P < 0.05) when soy protein isolate
was added. C1 had the lowest hardness or C3 had the highest hardness, whereas C2 had
the highest springiness, cohesiveness, and chewiness, but the springiness of C1 and C3
were not significantly different (P > 0.05). Due to their participation in the network
structure coupled to the myofibrillar proteins, added dried egg white proteins remarkably
increased the hardness-cutting force and compression of the low-fat chicken meat gels
treated by HPP. In addition, because the HPP-induced association between soybean and
meat proteins caused a stiffening of the matrix, the hardness was improved significantly (P

< 0.05) with the soy protein isolate concentration increasing from 2% to 4%. To the
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contrary, the springiness, cohesiveness, and chewiness were decreased significantly (P <

0.05) with the soy protein isolate concentration increasing from 2% to 4%. A possible
reason is that excessive addition of soy protein isolate broke down the gel structure, which
reduced the springiness, cohesiveness, and chewiness. Although the addition of soy
protein isolate could improve the processing characteristics of pork myofibrillar proteins
under HPP, the texture properties with 4% soy protein isolate were poorer than the sample

of 2% soy protein isolate.

Table 4.2 - Effect on texture characteristics of cooked pork myofibrillar proteins with

various amounts of soy protein isolate under high pressure (200 MPa, 10£2 °C, 10 min).

Sample Hardness (g) Springiness Cohesiveness Chewiness (g.mm)
Cl 262.25+6.22° 0.826+0.007° 0.443+0.03¢ 05.96+4.43¢
C2 335.8247.35P 0.887+0.0127 0.527+0.042 156.98+4.36°
C3 371.72+5.582 0.832+0.010P 0.471+0.02° 145.67+3.97°

C1, 0% soy protein isolate; C2, 2% soy protein isolate; C3, 4% soy protein isolate.
Each value represents the mean = SE, n=4.

*¢ Different superscripts in the same column indicate significant differences (P < 0.05).

4.4 Total and reactive sulfhydryl groups

The change of total and reactive sulfthydryl groups is closely related to protein
denaturation and reflects the alterations in protein structures (Omana, Plastow & Betti,
2011). Table 4.3 shows the effect of total and reactive sulthydryl groups of myofibrillar
proteins with various amounts of soy protein isolate under HPP. We can find that the total
and reactive sulthydryl groups improved significantly (P < 0.05) with the increase of soy
protein isolate. The exposure of the buried sulthydryl groups of myosin was enhanced at
150 MPa. The soy protein isolate contains a few of sulthydryl groups, especially the
glycinin, the six subunits of the glycinin molecule are all connected by an acidic subunit
and an alkaline subunit with a disulfide bond, and each subunit also contains 2 or 3

cysteine and cystine side chain residues, and the reactive sulthydryl content of soy protein
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isolate was significantly increased under 200300 MPa and between 5 and 15 min. The

free sulthydryl content of glycinin gradually increased when treated under HPP processing
from 0 to 600 MPa. Thus, we can assume that the total and reactive sulthydryl groups
were increased with increasing soy protein isolate concentration. In addition, more active
sulfhydryl groups were exposed through protein unfolding after HPP, resulting in an

increase of reactive sulthydryl content when the protein concentration increased.

Table 4.3 - Effect on total and reactive sulfhydryl (umol/g), surface hydrophobicity (ng) of
pork myofibrillar proteins with various amounts of soy protein isolate under high pressure

(200 MPa, 10+2 °C, 10 min).

Total sulthydryl Reactive sulthydryl Surface hydrophobicity

Sample
(umol/g) (umol/g) (hg)
Cl 57.17+0.68° 22.36+0.35¢ 14.54:£0.44b
C2 66.23+0.52° 29.53+0.42° 18.32+0.47°
C3 73.51+0.73% 33.22+0.38% 19.25+0.55°

C1, 0% soy protein isolate; C2, 2% soy protein isolate; C3, 4% soy protein isolate.
Each value represents the mean = SE, n=4.

¢ Different superscripts in the same column indicate significant differences (P < 0.05).

4.5 Surface hydrophobicity

Changes in surface hydrophobicity could reflect the myofibrillar protein
conformation and structure. A higher So value implied a stronger hydrophobic interaction
of protein molecules. The effect of soy protein isolate on surface hydrophobicity of
myofibrillar proteins treated under HPP processing is shown in Table 4.3. The surface
hydrophobicity increased significantly (P < 0.05) when soy protein isolate was added, but
the surface hydrophobicity showed no significantly differences (P > 0.05) with the
increase of soy protein isolate from 2% to 4% under 200 MPa. We can prove that the
surface hydrophobicity content of soy protein isolate increased significantly under 200-

300 MPa. Thus, soy protein isolate and HPP processing might induce partial protein
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denaturation when combined, which improve the functional properties of proteins, such as

gelling and water-holding capacity (Fig. 4.1 and Table 4.2).

4.6 Rheological measurement
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Fig. 4.2 The changes of storage modulus (G') of pork myofibrillar proteins with
various amounts of soy protein isolate after high pressure during the heating processing
(200 MPa, 10+2 °C, 10 min).

C1, 0% soy protein isolate; C2, 2% soy protein isolate; C3, 4% soy protein isolate.
I, the first phase; I, the second phase; 111, the third phase.

It is well known that dynamic rheology is usually used to evaluate the viscoelastic
properties of myofibrillar proteins. G' reflects the elastic changes of the gel, which should
be analyzed considering springiness. The effect of soy protein isolate on the G' of pork
myofibrillar proteins with various amounts of soy protein isolate after HPP processing
during the heating is shown in Fig. 4.2. All the treatments exhibited a typical G' curve of
pork myofibrillar proteins after HPP processing with three phases evident from 20 °C to
80 °C. In the first phase, the G' of C1, C2, and C3 were slightly elevated from 41 °C to 52
°C, 43 °C to 53 °C, and 43 °C to 53 °C, respectively. The results were caused by

producing a larger number of unfolded myofibrillar and protein aggregation in the
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myofibrillar proteins solution after HPP processing was treated and the temperature

improved. The denaturation temperatures of glycinin and B-conglycinin under 200 MPa
were approximately 70 °C and 90 °C, respectively. Thus, adding soy protein isolate could
enhance the heating stability of pork myofibrillar proteins and increase the denaturation
temperature. In the second phase, the G’ values declined slightly from 53 °C to 58 °C (C1),
and from 54 °C to 60 °C (C2 and C3), respectively. A possible reason is that the
dissolution and/or denaturation of proteins first cause a denser matrix (a kind of a filling
effect), and when the protein interaction takes place due to increase temperature, they are
compressed and leave some voids, softening as result. Our findings indicated that soy
protein isolate and HPP processing when combined could improve the stability of pre-gel
of pork myofibrillar proteins. In the third phase, the G' of all treatments increased rapidly
at about 60 °C as the temperature increased to 80 °C. A possible reason is that the protein—
protein interactions were enhanced, which promoted a viscous sol transformed into an
elastic gel network. At 80 °C, the G’ values of C1, C2, and C3 were 2380 Pa, 2791 Pa, and
3113 Pa, respectively. Some studies have found that the hardness of cooked gel was

positively correlated with the end G’ values, resulting in C3 having the highest hardness.

4.7 Low-field NMR measurements
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Fig. 4.3 The curves of relaxation time (T2) of cooked pork myofibrillar proteins with

various amounts of soy protein isolate under high pressure processing (200 MPa, 10£2 °C,
10 min).
C1, 0% soy protein isolate; C2, 2% soy protein isolate; C3, 4% soy protein isolate.

Low-field NMR has been part of the research on the distribution of water in meat
products, and it has been a powerful tool for identifying water components. The water
tightly associated with protein and macro-molecular constituents was labeled Tz, and it
represents about 1-4% of the total water in the meat system. The intra-myofibrillar water
and water within the protein structure were named as T2, which was a major component,
and T possibly corresponds to extra-myofibrillar water. Fig. 4.3 and Table 4.4 showed
the low-field NMR analysis result (relaxation time and peak ratio) of cooked pork
myofibrillar proteins with various amounts of soy protein isolate under HPP processing
(200 MPa, 10 min). We found that the initial relaxation times of Ta,, T21, and T2 were
shortened (P < 0.05) when soy protein isolate was added. The result means that the cooked
pork myofibrillar proteins with various amounts of soy protein isolate treated by HPP
could restrain the water tightly because of the changes in the fast-relaxing protein and
slowly relaxing water protons. Because the soy protein isolate had excellent water- and
fat-holding capacity, gelling, and structuring behavior, the initial relaxation times of T
and T2, decreased significantly (P < 0.05) with soy protein isolate increase. The results
were in agreement with the changes in cooking yield (Fig. 4.1). In addition, the 200 MPa
treatment could significantly improve the emulsifying activity of soybean 11S globulins of
soy protein isolate. The combination of soy protein isolate and HPP processing increased
significantly (P < 0.05) the surface hydrophobicity and free SH content (Table 4.3). We
established that these promoted a better gel structure of cooked pork myofibrillar protein

formed during heating.

Table 4.4 - The initial relaxation time (T2, ms) and peak ratio (P2, %) of cooked pork
myofibrillar proteins with various amounts of soy protein isolate under high pressure (200

MPa, 10£2 °C, 10 min).



Sample Initial relaxation time (ms) Peak ratio (%)

Top Ty T2 P2y P21 P2

Cl 2.65+0.07*  97.72+1.76* 832.21+6.63* 1.75+0.05* 72.35+1.18° 25.65+0.35°
C2 2.03+£0.06° 84.32+0.98> 781.29+5.84* 0.87+0.06° 83.42+1.32° 15.7540.33°
C3 1.95+0.07° 75.63£1.14¢ 715.68+7.18 0.72+0.06° 90.90+1.04*  8.45+0.37°

C1, 0% soy protein isolate; C2, 2% soy protein isolate; C3, 4% soy protein isolate.
Each value represents the mean = SE, n=4.

»¢ Different superscripts in the same column indicate significant differences (P < 0.05).

The peak ratios of P2, and P2, significantly decreased (P < 0.05) when soy protein
isolate was added, whereas the peak ratios of P»; significantly increased (P < 0.05). That
was in agreement with the results of initial relaxation times (Table 4.4) and cooking yield
(Fig. 4.1). The result indicated that the water and protein tightly associated with each other,
decreased the water loss during the heating. A possible reason is that the addition of soy
protein isolate could increase the protein concentration, and the HPP processing increased
the total and reactive sulthydryl, surface hydrophobicity of soy protein isolate and
myofibrillar proteins solution (Table 4.3), these induced a better gel structure was formed
and reduced the fluidity of water. Therefore, added soy protein isolate could improve the

water-holding capacity of pork myofibrillar proteins under HPP.

Conclusions in section 4

1. According to the result, we obtained that the treatment of pork myofibrillar
proteins with soy protein isolate at different concentrations under high pressure (200 MPa,
10 min) could significantly affect its water-holding capacity, rheology, and gel properties.

2. The result showed that the surface hydrophobicity, total and reactive sulfhydryl of
pork myofibrillar proteins increased when the addition of soy protein isolate, accompanied
by a significantly increased in cooking yield, hardness, L* value, and G’ value at 80 °C.

3. When 4% soy protein isolate was added, the texture properties of cooked pork

myofibrillar proteins were reduced.
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4. The peak ratios of P2, and P2, decreased significantly. Conversely, the peak ratio of

P21 increased significantly with increasing soy protein isolate concentration.

5. The results suggested that the bound and free water declined, and the immobilized
water increased. In conclusion, a combination of 2% soy protein isolate and 200 MPa
pressure could improve gel properties of reduced-salt (1% NaCl) pork myofibrillar

proteins.



SECTION 5.
TECHNO-FUNCTIONAL PROPERTIES, WATER DISTRIBUTION AND
MOBILITY OF REDUCED-SALT PORK BATTERS WITH SOY PROTEIN

ISOLATE AS AFFECTED BY PRESSURES

Reduced-salt meat products have been paid more and more attention by consumers
in recent years, because about 20-30% of daily sodium consumption is from meat
products. A larger number of methods have been used in emulsion meat products to reduce
the sodium chloride content, such as HPP, and adding non-meat proteins. Through the
results of above, we found that HPP and soy protein isolate combined could improve water
holding capacity and texture properties of reduced-salt emulsion meat products and
reduced-salt pork myofibrillar proteins. Pressure levels play an important role in the
quality of emulsion meat products, such as, the changes in the quaternary structure of
proteins are maintained by hydrogen bonds at low pressures (< 150 MPa), the tertiary
structures might be affected by the formation of hydrophobic and ionic interactions at
pressures ( > 200 MPa), and the solubility of myofibrillar protein was increased under low
pressures (< 200 MPa), opposite, the solubility was decreased accompanied by the large
aggregate was formed under 300 MPa and over. As far as we know, a little study reported
the effect of different pressures on techno-functional properties, water distribution and
mobility of reduced-salt pork batters with soy protein isolate. Therefore, the aim of this
section was to evaluate the colour, texture and rheological properties, and water
distribution and mobility of reduced-salt pork batters (1% sodium chloride) with soy
protein isolate (2%) treated by different pressures, and thereby to obtain a method to

improve the water holding capacity and texture of reduced-salt pork batter.

5.1 pH
We received the following experimental data about the changes of pH in the cooked

batters with soy protein isolate treated by different pressures from the Fig. 5.1
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Fig. 5.1 pH of cooked batters with soy protein isolate treated by different pressures.
Each value represents the mean = SD, n = 4.
=d Different parameter superscripts in the figure indicate significant differences (P <

0.05).

Compared with the 0.1 MPa, the pH of cooked batters with soy protein isolate treated
by HPP was significantly increased (P < 0.05), except for the 100 MPa. The pH was
significantly increased (P < 0.05) with increasing the pressures, but between the 300 MPa
and 400 MPa were no significant differences (P > 0.05). We assume the reason for these
findings might be that HPP treatment could induce protein unfolding, more alkaline
groups were exposed, such as the thin proteins from the filament (actin, tropomyosin,
troponin C and M-protein) were solubilized at 100 MPa, myosin light chains were released
from myofibrils subjected to 100 MPa, whereas solubilization of myosin heavy chains
required up to 300 MPa, these led to the pH was increased. The other, was the use of the
HPP treatment and sea tangle powder combinations to reduce the phosphate in emulsion-
type sausage, and found that the pH and protein solubility was increased after being
subjected to HPP treatment. Due to the exposure of acidic groups were decreased, and the

conformational changes of proteins associated with denaturation during the HPP, the pH
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of post-rigor meat has a slight increase after HPP treatment, and it was increased with the

increase of the pressures.

5.2 colour

We received the following experimental data about the effect of colour in cooked

batters with soy protein isolate treated by different pressures from Table 5.1.

Table 5.1 - The colour (L", a” and b” values) and cooking yield (%) of cooked batters with

soy protein isolate treated by different pressures.

Sample L*value a” value b*value Cooking yield (%)
0.1 MPa 58.65+1.28° 6.39+0.32¢ 13.46+0.40° 89.65+0.484
100 MPa 59.46+1.35° 5.23+0.482® 12.01+0.522 91.37+0.35°¢
200 MPa 62.35+1.68% 4.65+0.49° 11.26+0.57° 95.32+0.31%
300 MPa 63.66+1.51° 4.08+0.29° 11.37+0.40° 95.66+0.332
400 MPa 61.19£1.26% 3.70+0.21b¢ 10.87+0.48 93.19+0.46°

Each value represents the mean = SD, n = 4.

=d Different parameter superscripts in the table indicate significant differences (P < 0.05).

Compared with the 0.1 MPa, the L", a” and b " values of 100 MPa were no significant
differences (P > 0.05). Meanwhile, the L” value was significantly increased (P < 0.05), a
and b* values were significantly decreased (P < 0.05) when the over 200 MPa, but all the
L", a” and b” values of 200 MPa, 300 MPa and 400 MPa were no significant differences (P
> (.05). The main reason is possible that HPP processing can induce the change in
molecular interactions (hydrogen bonds, hydrophobic interactions, sulfydryl and
electrostatic bonds), protein conformation of myofibrillar protein and soy protein isolate,
that presents altered functional properties, such as improved solubility, water holding
capacity. In addition, HPP processing could change the oxidative states of the pigment

myoglobin, and the occurrence of redox reaction can be visualized by L*, a” and b" values.
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5.3 Cooking yield

The cooking yield expresses the ability of comminuted meat products to hold water
and fat, which is an important indicator of product quality. The cooking yield of the pork
batters with soy protein isolate was significantly affected (P < 0.05) by different pressures
(Table 5.1). Compared with the 0.1 MPa, the cooking yield of the batters treated by
different pressures was significantly increased (P < 0.05). We presumed the reason might
be that HPP can unfold the myofibrillar proteins and soy protein isolate, and increased the
pH (Fig. 5.1), these prompt more proteins to dissolve and form a three dimensional
network that entraps water molecules during heating. The cooking loss of reduced-fat and
reduced-salt pork sausage emulsions was significantly decreased after treatment by 200
MPa (2 min) was reported. We assumed the reason is that an increase in water and fat
holding capacity in pork meat batter treated by HPP, because the increase of the
solubilization and denaturation of muscle proteins. The other, soy protein isolated has a
good moisture and oil adsorption and keeping ability. Therein, the emulsifying activity of
11S globulin was significantly increased at 200 MPa, which enhanced the fat holding
capacity of soy protein isolate during processing. In addition, the cooking yield was
significantly increased (P < 0.05) from 0.1 MPa to 200 MPa, and was no significant
differences (P > 0.05) between 200 MPa and 300 MPa, while the cooking yield was
significantly decreased (P < 0.05) at 400 MPa. The main reason is that the myofibrillar
proteins were partially unfolded and formed a gel with many filaments and irregular
cavities at 100 MPa. At 200 MPa, the smallest particle size of myofibrillar proteins were
generated and formed a gel with denser and homogeneous network. Moreover, above 300
MPa, the myofibrillar proteins were denatured excessively, and formed a gel with larger
cavities and heterogeneous. Thus, excessive pressure lowered the water and fat holding

capacity of the pork batters.

5.4 TPA
The texture of emulsion meat products is an important factor to determine whether

the consumers purchased it or not. As shown in Table 5.2, we observed the TPA of the
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cooked batters with soy protein isolate was significantly affected by the different pressures.

Compared with the 0.1 MPa, the hardness, springiness, cohesiveness and chewiness of
cooked batters treated by different pressures were significantly increased (P < 0.05). This
might be that HPP processing induced texture modifications have been used to improve
myofibrillar proteins and their gel-forming properties, such as stronger protein-protein
interactions, which could prompt the muscle protein gel to form a better texture. The
reason is that the myofibrillar proteins, such as myosin and actin, were more salt soluble
when reduced-salt beef sausage batters were subjected to HPP at 200 MPa than the
untreated batter. Which caused that the hardness, springiness, cohesiveness, chewiness,
and resilience of chicken meat batters produced by HPP were significantly increased than
the 0.1 MPa. The gels from tilapia muscle proteins had a harder texture treated by 200
MPa, mainly because of partly depolymerized, unfolded, aggregated and denatured the
extracted proteins under 200 MPa, which caused the changes in water distributions,
formed new protein components, and solubilization or denaturation of myofibrillar
proteins. In addition, the hardness, springiness, cohesiveness and chewiness were
significantly increased (P < 0.05) from 0.1 MPa to 200 MPa, and was not significant
differences (P > 0.05) between 200 MPa and 300 MPa, while the hardness, springiness,
cohesiveness and chewiness were significantly decreased (P < 0.05) at 400 MPa. Thus, the
200 MPa and 300 MPa had the highest hardness, springiness, cohesiveness and chewiness
among the treatments. Due to mild pressure (< 300 MPa) treatment before heating could
significantly enhance the heat gelation of myosin, since myofibrillar protein denatured and
stretched, which made its structure destabilized, exposed more hydrophobic groups and
sulthydryl groups, these exposed hydrophobic residues were cross-linked to aggregate,
sulfhydryl groups were reacted to form disulfide bonds during heating. It is well known
that over 200 MPa treatment, the protein extractability was decreased significantly in the
meat batters, and caused protein denaturation and/or aggregation, which limited their
functionalities. The other, moderate HPP treatment at 200 MPa led to a significant
increase in free SH content, while at a pressure above 200 MPa, SH contents of soy
protein isolate were progressively and significantly decreased with increasing pressures.

Thus, the texture properties of 300 MPa was not significant differences (P > 0.05)
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compared with the 200 MPa. Meanwhile, stronger pressure (> 300 MPa) resulted in the

depolymerization of myofibrillar protein, and its irregular aggregation formed a uniform

gel network structure and induced the reduction of hardness and chewiness.

Table 5.2 TPA of cooked batters with soy protein isolate treated by different pressures.

Sample Hardness (N)  Springiness Cohesiveness  Chewiness (N.mm)
0.1 MPa 47.61+0.84¢  0.814+0.007¢ 0.624+0.010° 26.18+0.924
100 MPa  49.46+0.75°>  0.842+0.008° 0.650+0.09° 31.67£1.05°
200 MPa 53.21£0.98*  0.863+0.009% 0.687+0.0072 35.68+0.89?
300 MPa 52.24+0.91*  0.860+0.010? 0.676+0.009* 34.87+0.862
400 MPa 50.27+0.76°>  0.822+0.007°  0.639+0.008" 30.39+0.98¢

Each value represents the mean = SD, n = 4.

=d Different parameter superscripts in the table indicate significant differences (P < 0.05).

5.5 Rheology property

Storage modulus (G') is a key index for rheology properties of meat proteins, which

is correct with the elastic behavior of the solid-like components and directly affects the gel

properties of meat batter. We obtained the following experimental data about the effects of

G’ on raw batters with soy protein isolate treated by different pressures from 20 °C to

80°C in Fig. 5.2.

All the curves of the changes on G' were similar, and they had a typical curve of

dynamic rheology with three phases caused by meat proteins denaturation during heating.

Firstly, the initial G’ value was increased from 8.22 kPa to 18.50 kPa with the increase of

pressure, the result indicated that HPP processing could induce the denaturation of meat

proteins and soy protein isolate, and form a weakened gel structure, which led to the G’

value to increase.
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After that, due to the pork back-fat melting and the protein unfolding with
increasing the temperature, the G’ value was slightly decreased from 20 °C to 41 °C (0.1
and 100 MPa), and 43 °C (200, 300 and 400 MPa), respectively. In the second phase,
because of the protein-protein interactions and weak gel formation, the G’ values of 0.1
and 100 MPa were slowly increased from 42 °C to 52 °C, the 200 MPa was slowly
increased from 44 °C to 52 °C, while the 300 MPa and 400 MPa were slowly increased
from 44 °C to 49 °C, respectively. Immediately, the G’ values of 0.1 MPa. 100 MPa and
200 MPa were slowly decreased from 53 °C to 58 °C, while 300 MPa and 400 MPa were
slowly increased from 50 °C to 57 °C, respectively. The different changes were caused by
the different pressures, because the myosin has partial denaturation when the pressures
were 300 MPa and over. The other, some researchers reported that soy protein isolate and
HPP processing combined can decrease the pre-gel effects produced by the denaturation of
myosin tails. Thus, HPP processing and added soy protein isolate could lower the change
in G’ values, which are caused by the denaturation of the myosin tails. In the third phase, a
rapid increase in G’ value was occurred from approximately 58 °C to 80 °C, that implying

the viscous sol was transformed into an elastic gel. In addition, the differences were
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possible caused by the denaturation of B-conglycinin (7S), it is present in the proportion of

27% of total soy protein isolate content, and the denaturation temperature is about 68 °C.
Herein, the techno-functional properties of B-conglycinin was affect by the different
pressures, such as the water and fat holding capacity of soy protein isolate were increased
after the HPP treatment. The G’ values at 80 °C of 0.1, 100, 200, 300 and 400 MPa were
37.97, 44.05, 48.44, 47.47 and 39.99 kPa, respectively, the result was in agreement with
the result of hardness (Table 5.2). It is well known that the G’ values were higher, the gel

was firmer.

5.6 NMR spin-spin relaxation time (T2)
The effects of initial relaxation time and peak ratio of cooked batters with soy protein

isolate treated by different pressures are shown in Fig. 5.3 and Table 5.3.
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Fig. 5.3 Curves of relaxation time (T2) in cooked batters with soy protein isolate

treated by different pressures

The proton transverse relaxation time and peak ratio (T2) can provide the
information to evaluate the distribution and mobility of water in the cooked batter. Three

peaks of Ta, T21 and T2, are observed from 0.01 ms to 10000 ms in the inversion map of
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the nuclear magnetic intensity, and they are named bound water, immobilized water and

free water respectively (Fig. 5.3). The relaxation population of T, is centered at
approximately 0-10 ms, it is assigned to water tightly associated to protein and macro-
molecular constituents through the hydrogen bonding to polar groups. The relaxation
population of T is located at 35-100 ms, it is represented to intra-myofibrillar water and
water within the protein structure, indicating this water is loosely bound in the sol matrix.
Opposite, T2 corresponds to extra-myofibrillar water and centered at approximately 100-

350 ms.

Table 5.3 - The initial relaxation time (ms) and peak ratio (%) of cooked batters with soy

protein isolate treated by different pressures

Initial relaxation time (ms) peak ratio (%)

Sample
Ta T2 T2 P2y P2 P2
0.1 MPa  1.82+0.12%  47.74+£1.36*  308.67+3.55%  1.20+0.13*  84.32+2.62*  14.42+0.61?
100 MPa  1.51£0.15°  42.23+£1.52%  285.53+4.19®  1.27+0.15*  85.07+2.08™  13.86+0.83%
200 MPa  1.12+0.15¢  37.25+1.59¢  232.87+4.68¢  0.96+0.122 91.87+2.45*  8.31+0.80°
300 MPa  1.18+0.13°  36.44+1.61¢  235.36+4.88¢  1.07+0.18?2 92.09+£2.51*  7.80+0.75¢
400 MPa  1.46+0.12°  40.31+1.39°  263.27+4.31°¢  1.2340.16* 87.36+2.17°  11.35+0.68°

Each value represents the mean = SD, n = 4.

=d Different parameter superscripts in the table indicate significant differences (P < 0.05).

In this section, compared with the 0.1 MPa, the initial relaxation times of Tz, T21
and T2 were quicker (P < 0.05) in the cooked batter treated by different pressures,
implying that the water in the cooked batters treated by different pressures was tied closer.
In addition, the samples of 200 and 300 MPa had the shortest initial relaxation times of Tap,
T2 and T2 (P < 0.05) among the treatments. The result indicated that the cooked batters
treated by 200 MPa and 300 MPa had good gel structure, this was in agreement with the
result of cooking yield and texture properties (Table 5.1 and 5.2). All the peak ratios of Tap
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in the cooked batters were not significant differences (P > 0.05). The samples of 200 and

300 MPa had the largest peak ratio of P21 and the smallest peak ratio of P22, meanwhile,
the samples of 0.1 MPa and 100 MPa had the smallest peak ratio of P»; and the largest
peak ratio of P». We suggested the main reason is possible that the solubility of
myofibrillar protein was increased, more hydrophobic residues and sulfydryl groups of
raw batter were exposed when treated by HPP processing, which was favour of forming
good structure and enhancing water holding capacity. The other reason is that due to the
protein-protein interaction at pressure 400 MPa and above were formed at the expense of
protein-water interactions and caused the aggregation, which could decrease the solubility
of myofibrillar protein. Thus, excessive pressures led to the gel structure being worse and
more water moving, causing the free water to increase and the immobilized water to

decrease.

Conclusions in section 5

1. The result showed that the effect of different pressures on the pH, colour, water
holding capacity, texture properties, and rheological property of pork batters with soy
protein isolate were significantly different.

2. The pH, cooking yield, hardness, springiness, cohesiveness and chewiness, and G’
values at 80 °C were significantly increased in the batters treated by 100 MPa and over.

3. The L", a” and b values were no significant differences between 0.1 MPa and 100
MPa. The L" value, cooking yield, texture properties, G’ values at 80 °C and the peak ratio
of P> were the highest when treated by 200 and 300 MPa.

4. We suggested that the techno-functional properties of Reduced-salt pork batters
could be improved when treated by 200 and 300 MPa.
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SECTION 6.
EFFECTS OF SOY PROTEIN ISOLATE AND HIGH PRESSURE COMBINED ON
GEL QUALITIES OF PASTEURIZED REDUCED-SALT PORK BATTER STORED

AT COLD TEMPERATURE

For improving the quality and shelf-life of reduced-salt emulsified meat products,
some methods have been used, such as using the HPP processing, adding non-meat protein,
etc. HPP has been wildly used to change the techno-functional characteristics and
inhibitory microorganisms of emulsified meat products, but the processing does not affect
the flavors. HPP and heated combinations could improve the bactericidal effects and
techno-functional properties of meat products. The other, due to soy protein isolated has
good water and fat adsorption and keeping ability during the machining process, and
cheaper, it as the most commonly used non-meat protein is widely added in the emulsified
meat products. However, the effect of gel properties, microbe and TBARS from
pasteurized reduced-salt pork batter treated by HPP with different soy protein isolate
levels during cold storage were not studied. Therefore, according to the “Production
process and operation key points of produce reduced-salt pork batter using the technology
of high pressure and soy protein isolate combination” (Appendix A), we produced the
reduced-salt pork batter using the technology of HPP and soy protein isolate combination
and stored at 2+2 °C for 60 days, to determine the effect of soy protein isolate and HPP

combined on product quality of pasteurized reduced-salt pork batter.

6.1 Storage loss

The effect of storage loss on the pork batters treated by HPP with different soy
protein isolate during cold storage is presented in Table 6.1. We found that all the storage
loss of pork batters were increased significantly (P < 0.05) with increasing the storage time.
We assumed this is possible that due to the presence of oxygen, the protein and fat of pork
batters were oxidized during cold storage, resulting in decreasing protein processing

performance and destruction of the network structure in meat products, leading to the
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water- and fat- holding capacity were decreased. At the same storage time, the storage loss

of pork batters without soy protein isolate was increased significantly (P < 0.05) compared
with that of 2% soy protein isolate. Some studies have reported that soy protein isolate has
good water- and fat- holding capacity, gel property, an so on. The functional
characteristics of meat products were improved when the soy protein isolate was added. In
addition, the emulsifying activity of soy 11S globulin was increased significantly treated
under 200 MPa, thus, the result enhanced the water- and fat- holding capacity of soy
protein isolate. The other, the storage loss of pork batter with 2% soy protein isolate stored
at the 60th day was lower than the pork batter without soy protein isolate at the 30th day.
Hence, adding 2% soy protein isolate could improve the stability of water and fat from

pork batters during cold storage.

Table 6.1 - Effect on storage loss (%) and total plate count (CFU/g) of pasteurized
reduced-salt pork batters treated by high pressure processing with different soy protein

isolate during cold storage

Sample Storage loss (%) Total plate count (CFU/g)
Clst 04 NB
C30th 4.27+0.44° NB
C60th 7.194+0.532 6.21x10°
Tlst 0d NB
T30th 1.68+0.17¢ NB
T60th 2.05+0.22°¢ 1.63x10?

Clst, 0% soy protein isolate and stored at the 1st day; C30th, 0% soy protein isolate and
stored at the 30th day; C60th, 0% soy protein isolate and stored at the 60th day; T1st, 2%
soy protein isolate and stored at the 1st day; T30th, 2% soy protein isolate and stored at the
30th day; T60th, 2% soy protein isolate and stored at the 60th day.

Each value represents the mean = SE, n = 4.

»d Different parameter superscripts in the figure indicate significant differences (P < 0.05).
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6.2 Total plate count

The result of the total plate count of pork batters treated by HPP with different soy
protein isolate during cold storage is presented in Table 6.1. All the total plate counts of
pork batters were not significantly different (P > 0.05) at the 1st and 30th days, and
increased significantly (P < 0.05) at the 60th day. It is well known that HPP could retard
the growth and reproduction of microorganisms, and also kill them under suitable
conditions, but limit to kill spores. In this section, the pork batters were treated at 200 MPa
for 10 min, and following heated at 80 °C, however, the processing conditions can not kill
all spores. Thus, the total plate count of pork batter was increased significantly during cold
storage. The other, at the 60th day, the total plate count of pork batters without soy protein
isolate was increased significantly (P < 0.05) compared with that of 2% soy protein isolate.
The reason is possible that the pork batters without soy protein isolate had a higher storage
loss than that of 2% soy protein isolate (Table 6.1), the higher apparent moisture of pork

batters increased the Ay, and it promoted the growth and reproduction of microorganisms.

6.3 TBARS

As shown in Fig. 6.1, the TBARS of pork batters treated by HPP with different soy
protein isolate during cold storage was affected. We can observe that all the TBARS of
pork batters were increased significantly (P < 0.05) with the increase in cold storage time.
It is well known that HPP could form the free radical and promote fat oxidation.
Especially, some studies have reported that the influence of HPP on fat stability of meat
products is related to oxygen, the composition of meat products and temperature. Such as,
the pressure over 300 MPa at room temperature aggravated the rate of lipid oxidation, and
the TBARS value of peroxides from meat tissue was higher than that of unpressurized
lipids. Meanwhile, at the same storage time, the TBARS of pork batters without soy
protein isolate was increased significantly (P < 0.05) compared with that of 2% soy protein
isolate. The result was related to the result of storage loss (Table 6.1), more free water was
in favour of the formation of free radicals during cold storage, and increased the TBARS

value.
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Figure 6.1 - Effect on TBARS (mg/kg) of pasteurized reduced-salt pork batters treated by
high pressure processing with different soy protein isolate during cold storage.

Clst, 0% soy protein isolate and stored at the 1st day; C30th, 0% soy protein isolate and
stored at the 30th day; C60th, 0% soy protein isolate and stored at the 60th day; T1st, 2%
soy protein isolate and stored at the 1st day; T30th, 2% soy protein isolate and stored at the
30th day; T60th, 2% soy protein isolate and stored at the 60th day.

Each value represents the mean = SE, n = 4.

*d Different parameter superscripts in the figure indicate significant differences (P < 0.05).

6.4 pH

The changes in pH of pork batters treated by HPP processing with different soy
protein isolate during cold storage is shown in Fig. 6.2. With the increase of cold storage
time, the pH of pork batters without soy protein isolate was increased significantly (P <
0.05), meanwhile, the pork batters with 2% soy protein isolate was not significantly
different (P > 0.05) at the 1st and 30th days, and increased significantly (P < 0.05) at the
60th day. The result was agreement with the result of TBARS (Fig. 6.1). It is well known
that the lipid oxidation and protein oxidation could produce an alkaline substance, which

improved the pH of pork batters during cold storage. The other, due to the microorganisms
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breaking down the proteins and fats to obtain energy and nutrition, their growth and
reproduction improved the pH of pork batters during cold storage. At the same storage
time, the pH of pork batters without soy protein isolate was decreased significantly (P <
0.05) compared with that of 2% soy protein isolate. Our previous papers found that
because soy protein isolate has a higher pH value, more alkaline residues of pork batters
were exposed which were treated by HPP and soy protein isolate combinations, so adding
soy protein isolate could increase the pH of pork batters and reduced-salt pork myofibrillar
protein. On the whole, the ascending range of pH from pork batters without soy protein

isolate was larger than that of 2% soy protein isolate.
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Fig. 6.2 Effect on pH of pasteurized reduced-salt pork batters treated by high pressure
processing with different soy protein isolate during cold storage.

Clst, 0% soy protein isolate and stored at the 1st day; C30th, 0% soy protein isolate and
stored at the 30th day; C60th, 0% soy protein isolate and stored at the 60th day; T1st, 2%
soy protein isolate and stored at the 1st day; T30th, 2% soy protein isolate and stored at the
30th day; T60th, 2% soy protein isolate and stored at the 60th day.

Each value represents the mean = SE, n = 4.

=d Different parameter superscripts in the figure indicate significant differences (P < 0.05).
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6.5 Instrumental colour

The changes in colour (L*, a” and b" values) of pork batters treated by HPP with
different soy protein isolate during cold storage is shown in Table 6.2. With the increase of
storage time, all the L* values of pork batters were increased significantly (P < 0.05),
except for the T1st and T30th. That was in agreement with the result of storage loss (Fig.
6.1). The L" and b" values of frankfurters were increased, the a* value was lowered when
soy protein isolate was added. The changes in L” values were caused by the light reflection.
More moisture on the surface of pork batters caused the increase of L” values. Thus, the L”
values were increased with increasing the cold storage time. The a” value of pork batters
without soy protein isolate was decreased significantly (P < 0.05) with the increase in cold
storage time, while the pork batters with 2% soy protein isolate was not significantly
different (P > 0.05). Meanwhile, the " values were not changed (P > 0.05) during cold
storage. The loss of a” value is caused by the oxidation of myoglobin during the cold
storage. In addition, due to the pork back-fat globules were covered by soy protein isolate
and formed smaller back-fat globules after adding the soy protein isolate, so the pork
batters with 2% soy protein isolate had a better water holding capacity and texture
properties, the gel structure was stability than the pork batters without soy protein isolate.
We can establish that the colour of the pork batters with 2% soy protein isolate was more

stable than the pork batters without soy protein isolate.

Table 6.2 - Effect on colour (L*, a” and b” values) of pasteurized reduced-salt pork batters

treated by high pressure processing with different soy protein isolate.

Sample L" value a” value b* value
Clst 58.92+1.30°¢ 6.27+0.602 9.524+0.30°
C30th 62.28+1.56° 5.12+0.47° 9.14+0.36°
C60th 67.87+1.31° 3.224+0.53¢ 8.72+0.47°
Tlst 62.35+1.68° 4.65+0.49b¢ 11.26+0.572
T30th 63.05+1.53b 4.01+0.59b¢ 10.85+0.50?
T60th 67.74+1.81° 3.85+0.49b¢ 10.32+0.53¢
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Clst, 0% soy protein isolate and stored at the 1st day; C30th, 0% soy protein isolate and

stored at the 30th day; C60th, 0% soy protein isolate and stored at the 60th day; T1st, 2%
soy protein isolate and stored at the 1st day; T30th , 2% soy protein isolate and stored at
the 30th day; T60th, 2% soy protein isolate and stored at the 60th day.

Each value represents the mean = SE, n = 4.

*¢ Different parameter superscripts in the figure indicate significant differences (P < 0.05).

6.6 Texture
The changes in the texture of pork batters treated by HPP with different soy protein

isolate during cold storage is shown in Table 6.3.

Table 6.3. Effect on texture of pasteurized reduced-salt pork batters treated by high

pressure processing with different soy protein isolate.

Sample Hardness (N) Springiness ~ Cohesiveness  Chewiness (N mm)
Clst 47.32+1.12¢  0.837+0.008>  0.641+0.005¢ 27.05+0.85¢
C30th 50.27+1.08¢  0.814+0.006° 0.620:+0.004¢ 25.37+0.64¢
C60th 56.30+1.33*  0.681+0.007¢  0.582+0.006° 22.31+0.76°
Tlst 53.21+0.98*  0.863+0.009% 0.687+0.007° 35.68+0.89?
T30th 53.48+1.09°  0.857+£0.005*  0.684+0.0052 34.50+0.772
T60th 55.21+£1.20*  0.834+0.007° 0.665+0.006° 31.424+0.92°

Clst, 0% soy protein isolate and stored at the 1st day; C30th, 0% soy protein isolate and
stored at the 30th day; C60th, 0% soy protein isolate and stored at the 60th day; T1st, 2%
soy protein isolate and stored at the 1st day; T30th , 2% soy protein isolate and stored at
the 30th day; T60th, 2% soy protein isolate and stored at the 60th day.
Each value represents the mean = SE, n = 4.

=d Different parameter superscripts in the figure indicate significant differences (P < 0.05).

With the increase in cold storage time, all the hardness values of pork batters were
increased significantly (P < 0.05), except the T1st and T30th. This is because that the

storage loss was increased significantly with the increase of cold storage time (Table 6.1),
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the moisture content of pork batter was decreased, which led to the hardness value

increased. Due to the changes in moisture content of T1st and T30th being limited, their
hardness values were not significantly different (P > 0.05). Meanwhile, the springiness,
cohesiveness, and chewiness were decreased significantly (P < 0.05) with the increase in
cold storage time, except for the T1st and T30th. The result was caused by the increase of
fat oxidation, microbial, pH and water loss. The other reason is that HPP processing (200
MPa) and soy protein isolate combined could improve the hardness, springiness,
cohesiveness and chewiness of pork batters, which was beneficial to keep the stability of
texture properties. Thus, the result indicated that the texture of the pork batters with 2%

soy protein isolate was more stable than the pork batters without soy protein isolate.
6.7 Technology of reduced-salt pork batters using soy protein isolate and high

pressure processing

The results of the study were used in the development of technology on soy protein
isolate and HPP combined to produce the pasteurized reduced-salt pork batter, and its
shelf-life was not less the 60 days during cold storage. The technological scheme for the

production of the developed product is shown in Fig. 6.3.
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Fig. 6.3 Technological scheme of production in pasteurized reduced-salt pork batter using

the technology of soy protein isolate and HPP combined

As it can be seen from Fig. 6.3, the general system of technological process consists of
such stages with allocation of subsystems of such hierarchy: (D1, D2, D3) - (C)—> (B) —>
A.

The first stage is preparatory. It includes subsystems D; “Pork meat preparation”, D
“Pork back-fat preparation”, and Ds “Soy protein isolate and salt preparation”. The second
stage is processing technology. It is the main one. It includes subsystem C “Pork meat
batter production” and subsystem B “High pressure processing”. The third stage is
production. It includes subsystems A “Pasteurized reduced-salt pork batter production and
cold storage”.

The selection of these subsystems has a clear structural and logical justification and is
associated with the presence of individual operations and the ability to control quality at
each stage of production.

The implementation of the system as a whole ensures the functioning of its individual

structural elements in accordance with the goal, Table 6.4.

Table 6.4 — The composition of the technological system and the purpose of its

structural operation elements

Subsystem Name of subsystem Aim of subsystem functioning

Pasteurized reduced- Obtaining pork batter with
A salt pork batter production | reduced salt, specified structural,
and cold storage mechanical properties and quality

indicators.
Increasing the solubility of muscle
and soy proteins, improving their

B High pressure processing

technological and functional

properties, to reduce the salt content.

C Pork meat batter Chopping and mixing the pork
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production meat, back-fat, water, soy protein
isolate and salt, forming a uniform

emulsion meat batter.

Provide muscle proteins for
D, Pork meat preparation | forming the structure of pork meat

batter

Provide animal fat for improving
D> Pork back-fat preparation | the gel properties and water holding

capacity of pork meat batter

Provide non-meat protein for

o improving the gel properties, and
Soy protein isolate and .
D3 _ lowering salt content of pork meat
salt preparation
batter; extract the salt-soluble proteins

to enhance their processing properties

All the stages can be implemented both in the small and the big food enterprises.
Therein, the preparatory stage (subsystems Di, D> and D3) is the foundation of product
success; the subsystem B and C determine the salt content and physicochemical
parameters of the finished product and its range. Therefore, it is closely related to
subsystem A.

Ensuring a high level of subsystem A functioning guarantees the quality of finished
pasteurized reduced-salt pork batter using the technology of soy protein isolate and HPP
combined, as well as their stable quality indicators in the process of storage and sale.

Technological scheme of pasteurized reduced-salt pork batter using the technology of

soy protein isolate and HPP combined is presented at Fig. 6.4.
6.8 Socio-economic effectiveness of scientific and technical developments and

implement the results of work in practical production
Apply the technology of soy protein isolate and HPP combined to produce the

pasteurized reduced-salt pork batter, its cooking yield, texture properties and gel structure
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were significantly increased, and successfully reduced the salt content to 1%. The

technology has carried out in mass production in 3 factories in China (Henan Zhongpin
Food Industry Co. LTD; Hua County Ji Xianda Food Co. LTD; Nanjing Huang Professor
Science and Technology Food Co. LTD) to produce reduced-salt (1% sodium chloride)
emulsion meat products, such as meatballs, Taiwan sausage and breakfast sausage.
According to our counted and evaluation, the socio-economic effectiveness of scientific
and technical developments and implement the results of work in practical production was

as follows:
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Fig. 6.4. Technological scheme of pasteurized reduced-salt pork batter using the

technology of soy protein isolate and HPP combined.

First, the HPP as a green technology, producing 1 ton of product can reduce
electricity by about 20~30 kilowatt hours and 0.8~1.5 tons running water compared with
the traditional processing, it is beneficial to reduce the consumption of fossil energy, water
and carbon dioxide emissions, thus, reduce the greenhouse effect and waste water, and
contribute to environmental protection. Meanwhile, the electricity bill was reduced by
$2.00~$2.50 per ton.

Second, the salt content of this product is approximately 1%, which is about 40%
lower than that of traditional products. According to our calculations, when consumers eat
100g of this type product, which can reduce their salt intake by 0.8g, and the content of
protein is increased by 0.60%~0.85%. Thus, an improvement in the health of consumers as
a result of the use of this type products with low salt content and high protein content is
observed.

Third, it takes 5%~8% less time to produce a ton of product, resulting in higher
productivity, increased workshop and equipment utilization, and reduced workshop and
equipment depreciation by $1.00~$2.20 per ton. The other, on this basis, labor costs are
reduced by $6.00~$8.00 per ton.

Fourth, based on data from 3 factories, the cooking yield of meatballs was increased
by 4.65%~ 5.53%, the raw material cost of meatballs is $1880 per ton in China, which
reduces production costs by $87.42~$103.96 per ton; the cooking yield of Taiwan sausage
was increased 3.66%, the raw material cost of Taiwan sausage is $1950 per ton in China,
which reduces production costs $71.37 per ton; the cooking yield of breakfast sausage was
increased 4.60%, the raw material cost of breakfast sausage is $1900 per ton in China,
which reduces production costs $87.40 per ton.

Finally, based on the above, producing 1 ton of meatballs can save
$96.42~3118.66; producing 1 ton of Taiwan sausage can save $80.37~$96.07; producing
1 ton of Taiwan sausage can save $96.42~$103.12. The technology has achieved very

good economic benefits for the companies.
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Conclusions in section 6

1. We found that the effect of soy protein isolate levels and storage times on the
storage loss, total plate count, TBARS, pH, colour, hardness, springiness, cohesiveness,
and chewiness of pasteurized reduced-salt pork batter treated by high pressure processing
were significantly different.

2. The water- and fat- holding capacity, a* value, springiness, cohesiveness, and
chewiness of pork batters were decreased significantly with the increase of storage time,
while the microbial, fat oxidation, pH and hardness were increased significantly.

3. Compared with the sample with 2% soy protein isolate, the gel structural and
colour stability, and oxidative stability were lowered during the cold storage.

4. We obtained that the cold storage performances of pasteurized reduced-salt pork
batters treated under 200 MPa could be improved when adding 2% soy protein isolate.

5. Apply the technology of soy protein isolate and HPP combined to produce the
pasteurized reduced-salt pork batter, its cooking yield, texture properties and gel structure
were significantly increased, and successfully reduced the salt content to 1%. The
technology has carried out mass production in 3 factories in China to produce reduced-salt
(1% sodium chloride) emulsion meat products, such as meatballs, Taiwan sausage and
breakfast sausage. Producing 1 ton of meatballs can save $96.42~§118.66; producing 1 ton
of Taiwan sausage can save $80.37~$96.07; producing 1 ton of Taiwan sausage can save

$96.42~$103.12.
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CONCLUSIONS

1. Systematically analyzed the influence of HPP processing on meat and meat
products, soybean protein isolate, and reduced-salt meat products, and the influence of
soybean protein isolate on meat and meat products based on previous studies, found that
the use of HPP processing, and the addition of soybean protein isolate could lower the salt
of emulsion meat products.

2. Systematically studied the effect of soy protein isolate on the water holding
capacity and texture properties of pork batters (1% sodium chloride) treated under 200
MPa, analysis of the impact of the changes in soy protein isolate on improving water
retention and texture. Obtained that added 2% and 4% soy protein isolate could
significantly increase cooking yield and hardness, cohesiveness and chewiness, and the
cooked pork batter had less water out and free water, and the 2% soy protein isolate
addition could improve the water holding capacity and texture of pork batters treated
under 200 MPa.

3. Systematically investigated the changes of gel characteristics, rheological
property and protein secondary structure attributes of pork meat batters (1% sodium
chloride) treated under 200 MPa with different soy protein isolate (0%, 2%, 4%). Obtained
that the pH, L” and b" values, emulsified stability, and G' values at 80 °C were
significantly increased when added soy protein isolate. The TR, WR and FR, G' values at
80 °C were significantly decreased with the soy protein isolate increased. Added soy
protein isolate and treated by HPP delayed the thermal denaturation of meat protein and
declined the pre-gel effects generated by the denaturation of myosin tails from 53 °C to 59
°C. The a-helix structure changed into B-sheet, B-turn and random coil structures when
added soy protein isolate. Especially, the content of random coil structure was
significantly increased from 11.42+0.26% to 14.22%+0.29 with soy protein isolate
increased. Thus, the gel and rheological properties of pork meat batters could be improved
by changing the protein conformation when added to 2% soy protein isolate.

4. Analysis of the effects of different pressures (0.1-400 MPa) on the pH, gel

properties, rheology, water distribution and mobility of reduced-salt pork batters (1%
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sodium chloride) with 2% soy protein isolate. Found that the pH, cooking yield, hardness,

springiness, cohesiveness and chewiness, and G’ values at 80 °C were significant increased
in the batters treated by 100 MPa and over. The L*, a” and b* values were not significantly
differences between 0.1 MPa and 100 MPa. The L* value, cooking yield, texture properties,
G’ values at 80 °C and the peak ratio of P2; were the highest when treated by 200 and 300
MPa, implying that lowered the water mobility and increased the immobilized water.
These results showed that the techno-functional properties of reduced-salt pork batters
could be improved when treated by 200 and 300 MPa.

5. Systematically investigated the effects of HPP and soy protein isolate
combinations on gel properties and water holding capacity of reduced-salt pork
myofibrillar protein. The surface hydrophobicity, total and reactive sulthydryl of pork
myofibrillar proteins increased when the addition of soy protein isolate, accompanied by a
significantly increased cooking yield, hardness, L* value, and G’ value at 80 °C. When 4%
soy protein isolate was added, the texture properties of cooked pork myofibrillar proteins
were reduced. The rheological findings indicated that the thermal stability of the
myofibrillar protein increased when soy protein isolate was added. The initial relaxation
time of Ta,, T21, and Tz decreased when soy protein isolate increased; meanwhile, the
peak ratio of P increased significantly, implying that water had lower mobility. Thus, the
combination of 2% soy protein isolate and 200 MPa pressure could improve gel properties
of reduced-salt (1% NaCl) pork myofibrillar proteins by increasing the surface
hydrophobicity, total and reactive sulfhydryl groups.

6. The technology of 2% soy protein isolate and 200 MPa pressure combinations
was applied to the production of pasteurized reduced-salt pork batter. The result has shown
that the water- and fat- holding capacity, a" value, springiness, cohesiveness, and
chewiness of pork batters were decreased significantly with the increase of storage time,
while the microbial, fat oxidation, pH and hardness were increased significantly. the total
plate count of samples were not detected before the 30th day, while increased significantly
at the 60th day. The range of storage loss, microbial, TBARS, pH, colour and texture
properties variations from the samples without soy protein isolate were larger than that of

2%. Thus, 2% soy protein isolate and 200 MPa pressure combinations could improve the
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gel properties, water- and fat- holding capacity, and reduce the microbial reproduction of
pasteurized reduced-salt pork batter during cold storage.

7. Based on the results of theoretical, experimental studies, and pilot tests in the
factory, the “Production process and operation key points of produce reduced-salt pork
batter using the technology of HPP and soy protein isolate combination” was formulated.

8. The technology of HPP and soy protein isolate combination have carried out mass
production in 3 factories in China to produce reduced-salt (1% sodium chloride) emulsion
meat products, such as meatballs, Taiwan sausage and breakfast sausage. Producing 1 ton
of meatballs can save $96.42~$118.66; producing 1 ton of Taiwan sausage can save

$80.37~%$96.07; producing 1 ton of Taiwan sausage can save $96.42~$103.12.
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APPENDIX B
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Commencement date; 20200716

Production process and operation key
points of produce reduced-salt pork batter
using the technology of HPP and soy

protein isolate combination

Page 1

Total of 4 pages

I. Objective:

Standardize product production and ensure product quality.

2. Application scope:

It 15 sutable for the reduced-salt pork batter using the technology of HPP and soy

protein 1solate combination in meat products factory of Henan Zhongpin Food Industry

Co. LTD.

3. Product lormula:

All the raw pork batters were prepared with 100 kg pork meat, 20 kg pork back-fat,

18.38 kg ice water, 1% NaCl, 2% soy protein isolate. Therein, the raw pork is

longissimus dorsi (moisture < 72%; protein > 21%; pH, 5.65-5,75); the protein content of

soy protein isolate = 90%).
4. Process content:

4.1 Technological process:

Raw materials receive — Thaw — Dressing — Ground meat— Chopping*® — Filling —

Packaging — High pressure processing® — Hot processing — Cooling —  Labeling —
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batter using the technology of HPP and

soy protein isolate combination

Page 2

Total of 4 pages

Packing — Warchousing.
MNote: # indicates the key process

4.2.1 Raw material reception and dressing:

Requirements to choose fresh (frozen) pork as raw materials. Frozen cut meat should

be frozen well, thawed at 1842 °C, and the center temperature should be controlled at

-4 =C after thawing. Fresh meat should be pre-cooled until the central temperature drops

to & ®C betore it can be put mto use. After thawing, 1t should be repaired m time to

remove lvmph, lesions, blood siasis, floating hair, tendons, broken bones, surface air-dry

layer, impurities, etc., and the temperature of meat should be controlled within 0~6 *C.

4.2.2 Ground meat

After removing of the fat and other non-muscle material, the longissimus dorsi of

pork was ground using a meat grinder with a 6 mm holes plate (MGB-120, China), The

meat grinder is required to operate normally, and the meat blade is sharp to ensure that the

granularity of the meat is obvious.

4.3.2 Chopping

The ground meat, NaCl and 1/2 ice water was chopped (1500 rpm) for 30 s; and then
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Controlled document Commencement date: 20200716
Production process and operation key Page 3 Total of 4 pages

points of produce reduced-salt pork batter

using the technology of HPP and soy

protein isolate combination

added pork back-fat chopped (1500 rpm) for 30 s; prior to finishing with a high speed
(3000 rpm) emulsification for 60 5, and the 1/2 ice water was continue to add for keep the
final temperature less than 10 °C.
4.3 4 Filling and vacuum packing

Immediately after chopping, the batter was stuffed by a vacuum stuffer, in 24~40 mm
diameter edible collagen sausage casings. Pork batters were hand linked at 12~26 cm
intervals, and weighed. Finally, the batters were vacuum packed for subsequent pressure

processing.

4.3.5 High pressure treatment

The batters or myofibrillar proteins were treated by different pressures using a high
pressure vessel, the temperature was controlled through a thermo-stating circulator water
bath. The high pressure procedure was as follows: pressure, 200 MPa; time, 10 min;
temperature, 1042 °C, The compression rate was approximately 3 MPa/s, and the
decompression step was reached immediately (< 3 5).

4 1.6 Heating and cooling
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Page 4

Total of 4 pages

All batters were heated at B0 °C lor 30 min in the woater bather until the internal

temperature 72 °C. Immediately, the cooked batters were cooled 1o 20 °C by running

waler and stored at 4 “C.

4.3.7 Labeling, packing and warchousing.

Cool products dry or dry the surface moisture of the bag, label to be correct, firm, the

net content of the whole box shall not have negative deviation.The packaged products

should be stored in the warehouse at 0-4 °C, and the shelf Tife is 60 days.
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APPENDIX F
CERTIFICATE OF IMPLEMENTATION OF RESEARCH RESULTS

Application Testify

Application Nanjing Huang Professor Science and Technology Food
enterprise Co. LTD

Postal address |6 Tongweil Road, Xuanwu District, Nanjing City, Jiangsu

Province, China

Starting and ending | MAY, 5, 2020 - now

time

Contact Person | Xu Qingfen (+086 13903927596)

Our enterprise have utilized the technology of high pressure processing and
soy protein isolate combined to reduce the sodium chloride addition in roast
sausage and Baoxin pork meatball, the technology can reduce the contents of salt
in roast sausage from 1.52% to 1.03%, and the cooking yield increased by
4.73%; it can reduce the contents of salt in Baoxin pork meatball from 1.63% to
1.15%, and the cooking yield increased by 5.06%. In our factory, the type of
emulsion meat products were produced 13 tons per day.

"
Nanjing Huang Professor Scienc(galpd.;]"échnol;ag food Co. LTD

NOV 252021 )

N’

i e
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APPENDIX G

Application Testify

Application Hua County Ji Xianda Food Co. LTD
enterprise

Postal address | 200 meters south of the intersection of Renmin Road and
Xiangjiang Road, Hua County New District, Anyang City,

Henan Province, China

Starting and ending | OCT, 10, 2020 - now

time

Contact Person | Xu Qingfen (+086 13903927596)

Our company have applied the “Technology of reduced-salt meat batters
using soy protein isolate and high pressure processing combination™. The
technology could effectively reduce the contents of salt and fat in meatballs
and breakfast sausage. Therein, the contents of salt and fat in meatballs were
0.96% and 5.20%, respectively, the content of protein was increased by 0.85%,
the cooking yield was increased by 4.65%, and now produce 6 tons per day; the
contents of salt and fat in breakfast sausage were 0.98% and 4.60%, respectively,
the content of protein was increased by 0.60%, the cooking yield was increased

by 3.82%, and the now produce 4.5 tons per day. The technology has achieved
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APPENDIXH

Application Testify

Application Henan Zhongpin Food Industry Co. LTD
enterprise

Postal address | 21 Changshe Road, Changge, Henan Province, China

Starting and ending | Jun, 10, 2020 - now

time

Contact Person | Wang Rui (+086 15038977822)

The technology of produce reduced-salt emulsion meat products through
high pressure processing and soy protein isolate combination have been applied
in our factory. It can reduce the content of salt and cooking loss in Chinese
meatball and Tarwan sausage. Such as, the content of salt in Chinese meatball
was 0.97%, the cooking loss was decreased by 5.53%; the content of salt in
Tatwan sausage was 0.78%, the cooking loss was decreased by 3.663%. Now,

Chinese meatball and Taiwan sausage are produce 12 tons per day.
— e,
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Henan Zhgngpin EoettIndusty Co. LTD

DEC. 2. 3021
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