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AHOTALIA

®anr Banr. IligBuieHHs skocTi 6000BUX BIAXO0AIB (hI3MYHUMH METOAaAMU
npu X BUKOPUCTaHHI y TeXHOJIOTIi meuuBa. — JucepraiiiiHa HaykoBa poOoTa Ha
paBax pyKOIUCY.

Jucepraiiiss Ha 3700yTTS HAYKOBOTO CTYIIEHs JokTopa (inmocodii 3a
cnemianpHicTIO 181 «XapuoBi TexHOJOrI», rany3b 3HaHb 18 «BupoOGHHUIITBO Ta
TexHoJoT1i». CyMChKUI HalllOHAJIbHUM arpapHuii yHiBepcuteT, Cymu, 2022.

Jluceprailisi TMpHCBSIYEHA HAyKOBOMY OOTPYHTYBaHHIO Ta  po3poOIi
TEXHOJIOT1HA MIJBUILECHHS SKOCTI 0000BUX BIAXOAIB (DI3UYHUMHU METOJAMH MpPHU X
BUKOPHCTAHHI B TEXHOJIOT1SIX ITEUMBA.

BcraHoBiieHO, IO CTBOPEHHS HOBUX TEXHOJIOTIM MPOAYKTIB XapuyBaHHS
JI03BOJISIE BUPIMIUTH MPOOJeMy HecTadi pO3UYMHHHX XapuoBHX BoJiokoH (SDF),
MOKpAIIMTH SKICHI Ta (YHKIIOHAIbHI XapaKTEpPUCTHKU OO0OOBHUX 3aJIMIIKIB
(BigxoxiB). Kpim Toro, 1ie 3a0e3nedye kpainy SIKICTb MPU BUPOOHUIITBI I€YMBaA 3
Jo/1aBaHHsAM OopoIrHa 3 0000BUX 3aUIIKiB. [loeTHaHHS YyIBTPATOHKOTO TIOMEINY 3
BUCOKHUM THCKOM, MIKPOXBHUJIBLOBOIO Ta BHCOKOTEMIIEpATYpHOIO OOpOOKOIO €
MEPCIEKTUBHUM HAMpPsIMKOM Yy CTBOPEHHI TEXHOJIOTIM TmiepepoOku 0000BHX
3aJIMIIKIB 32 PaXyHOK B3a€EMHOTO BIUIMBY (GI3MYHUX (HAKTOPIB, 3aBISIKH YOMY
MOKUBHI PEYOBUHU B O000BHX 3aJIMIIIKAX TPAaHC(HOPMYIOTHCS.

Mera pgucepraiii - HaykoBe OOIPDYHTYBaHHS Ta pPO3pOOKa TEXHOJIOTIH
M1JBUIICHHS IKOCT1 0000BUX BIIX0A1B (DI3UYHUMH METOIAMH MIPU X BUKOPUCTAHHI
B TexHoJIorisix ImeunBa. OO0’€KTOM JOCHIJPKEHHS € SKICTh O0O0OBHX BIIXOJIIB,
o0pobnenux (izuunuMu Merogamu. lIpemMerom AOCHiHKEHHS € (Pi3UKO-XIMIUHI
BJIACTUBOCTI OOpoIllHa 3 0000BHUX BIIXO[1B, 00p00OJIEHUX (I3UYHUMH METOJaMU;
(b13MKO-XIMIYHI BJIACTMBOCTI TiCTa Ta MEYWBA, BUTOTOBJICHOTO 3 BUKOPHCTAHHIM
0000BHX BIIXOIB; 1X TEXHOJIOT1UHI, PEOJIOTIUHI Ta OPraHOJICNTHUYHI BJIACTUBOCTI;
napameTpH npoiieciB 00poOku 6000BUX 3THIIKIB (PI3UYHUMU METOJIAMH.

JIOBeIeHO aKTyallbHICTh 1 JOIUIBHICTh BUKOPUCTAHHSA YJIBTPATOHKOTO
oMeJy B MO€HAHHI 3 00POOKOK BUCOKUM THCKOM, OOPOOKOI0 y MIKPOXBHUIIHOBIN

nedi Ta BUCOKOTEMIIEPATYPHOIO OOPOOKOI0 SK €(DEeKTUBHOTO JKepena PO3UHMHHOI



Xap4yoBOi KIITKOBUHM AJIs1 PYHKIIOHATBHUX KOMITO3ULIN 1 MOKPAILIEHHS XapuOBUX
BJIACTUBOCTEN O0OOOBUX 3aJIMIIIKIB.

JIoC/DKEHO CKJaJ, XapaKTepUCTUKH Ta (PI3MKO-XIMIYHI BJIACTHUBOCTI
Oopo1Ha, BUPOOJIEHOT0 3 BUKOPUCTAHHAM OKPEMUX TEXHOJIOT1H (PI3UYHOTO BIUIUBY
Ta KOMOTHOBAHUX TEXHOJIOT1H 00pOOKM O000BUX BIIXO/IB.

[Ipu pocmimkeHHI SK pi3HUX (yJIBTPATOHKHMIA TIOMEJN, BHUCOKHH THCK,
MIKpPOXBHJILOBA, BUCOKOTEMIIEpaTypHa 00poOKa), Tak 1 KOMOTHOBAaHUX TEXHOJIOTIH,
BHUBYEHI 3aJICKHOCTI 3MIH BiactuBocTedt SDF, BMicTy Oika, MiHEpaliB, po3Mipy
JaCTHMHOK (CKaHylo4a eJIeKTpoHHa Mikpockoris, SEM, enekrpodopes Hatpito
noaenuiacyibdar-noaiakpuaamigaum reineM, SDS-PAGE), iHri0iTopy TpHIICHHY,
BIJl MapaMeTpiB (I3MYHUX METOIIB OO0poOKH. Bu3HAUEHO PO3UMHHICTH Y BOJI,
a7copOLiiHy 3aTHICTh JKUPY, KaTIOHHY aJACOpPOLINHHY 3/1aTHICThb, KOJIbOPOBICTS 1
O01nM3Hy 000OBUX 3JIMINKIB, @ TAKOXK BOAHO-PEJIaKCalllifH1 BIIACTHBOCTI, B SI3KICTh,
CTaOUIBbHICTh, JMHAMIYHI PEOJIOTIYHI BJIACTUBOCTI CYCIEeH31i 0000BHUX 3aJIMILKIB.
OTpuMaHO OMUC TMPOIECIB 3MIHK JOCTIHKYBaHUX MapaMerpiB. OTpumaHuit
pe3yNbTaT BUKOPUCTAHUU MJII BUOOPY ONTHUMAIBHUX TMapameTpiB KOMOIHOBAHOI
TexHoJorii Ta ana migBumieHHs BMicty SDF y ¢yskiionampHOMY meuuBi mpu
BUKOPHUCTaHHI OOpoIHa 3 6000BUX 3aJIHIIIKIB.

VY pob6oti O6ysI0 3aCTOCOBAHO JeKiibKa (hI3UYHUX METOJIB JJIS IT1IBUILICHHS
BmicTty SDF B 6000BUX 3ajUIIKaX; ONTHMAJIbHI YMOBH JJIsS MOKPAIICHHS SKOCTI
SDF 6000BuX 3aMuMIKiB OyJIM BU3HAYEHI METOI0M OJJTHO(PAKTOPHOTO EKCTIEPUMEHTY .
byno Bussneno, mo Bmict SDF B 6060BHX 3anumikax, 00poOIeHHX 3a TOTIOMOTOI0
yinpTpaTtonkoro momeny (U), Bucokoro tucky (HP), mikpoxBuiaboBoi meui (M),
BUCOKOTemIeparypHoro npurotyBanHs (HTC) ta ix komoinyBanui (UHP, U-M Tta
U-HTC), cranosus 15,15+0,12 %, 10,40+ 0,19 %, 13,84+ 0,13 %, 13,87 £0,13 %,
18,86 = 0,11 %, 19,23 £0,19 % Ta 16,89 + 0,13 %, 1m0 Oyi0 3HAYHO BUIIUM, HIXK Y
KOHTPOJILHOMY 3pa3ky Ha 6 % =+ 0,2% BianoBigHo. JloBeneHo, 1110 6000B1 3aTUIITKH
miciast X o0poOku (I3MYHUMHU METOJaMH € JPKEPEJIOM PO3YMHHOI XapdoBOi
KIITKOBUHU, a 3aCTOCYBaHHS KOMOIHOBAaHHX METOJIB € TIEPCIEKTUBHOIO

TEHJICHIIIEI0 PO3BUTKY.



Po3pobneno Ttexwnosorii migBuiieHHs Bmicty SDF 6000BuX 3aiumikis.
BuznaueHo paliioHalIbHI 3HAYEHHSI OKPEMHUX IapaMeTpiB 1 PSKUMH TEXHOJOTTYHUX
CXEM IIMX TEXHOJIOTIH.

Bwmict O6inka B 0000Bux 3amumikax aHamizyBamu Metogom  AOAC.
BcTranoBneno, mo npu o06poOIi pisHUMH (I3UYHUMH METOJIaMH BMICT OlKa B
06000Bux 3amumikax micis oopooku U, HP, M 1 HTC 3amxkyBascs 3 23,46 % mo
11,96 %, 16,30 %, 12,85 % 1 13,09 % BinmosigHo. ITpn komOiHOBaHIi 00pOOIII,
ocobmuBo U-HP, BmicT 6isika B 6000BUX 3alMIIIKaX 3MEHIIUBCS 1ie Oiblne. byo
JIOBEJICHO, 110 BMICT Oidka B O0OOBUX 3aliMIIKaX 3HAYHO 3HUIKYBABCS IICIA
BUKOPUCTAHHA $K pI3HUX (I3UYHUX METOAIB OOpOOKH OKpemo, Tak 1 3
BUKOPUCTAHHAM KOMOIHOBAaHUX METO/IIB.

Sk 1 ouikyBanocs, ekl mapaMmerpu Oynu cyTTeBo 3HMKEH1 (P < 0,05) 3a
p13HUX (HI3UYHUX TEXHOJIOT1H MOPIBHIHO 3 KOHTPOJIEM; KOMOIHOBaHa 00poOKa Mana
HalOUIBIIMIA BIUIMB HA PO3MIP YAaCTMHOK OOOOBMX 3aJIMIIKIB. PO3Mip 4acTHHOK
0000BuX 3anuiIKiB OyB HaiimeHmmM (69,52 mxMm) micis o6pobku U cepen ycix
JOCIIJKYBAaHUX METOIB 00poOneHHs. OnpHak cepen ycix KOMOIHOBaHUX
TEXHOJIOTIYHUX METO/IIB HAMMEHIIIUN pO3Mip 4YaCTUHOK OyJio oTpumano npu U-HP
(27,43 mxm). Bbyno moBenmeHo, mo KOMOIHOBaHI METOaM OOpOOKH Iie OibIie
MOKPAIIUIN OPCTKICTh YaCTOYOK 0000BUX 3aTUIIIKIB.

MinepanbHUil BMICT 0000BHUX 3alUIIKIB BU3HAYAIM METOJOM 1HAYKTHUBHO-
3B'S13aHO1 MJIa3MOBO-aTOMHO-eMICiiHOT criekTpomeTpii. Komoinamis U-HP meroxis
soinemmiaa Bmict Ca, Na, Fe, Ti ta Sr., a xomOinamis meroxis U-M ta U-HTC
3rauHo 30iumbpIa BMicT K ta Ca. HaliBummii BMicT Se Ta Sn O6yio BUSBIEHO Y
3pazkax npu oopodii U, npore metoau M ta HTC 3menmmim BMicT enemeHTiB K,
Ca, Mg Tta Zn. KoMOiHyBaHHS METOJiB OOpOOKU CHPUSIIO MiJIBUILIEHHIO BMICTY
MiHEpaJIbHUX €JIEMEHTIB Y JIOCIIIHUX 3pa3Kax.

[Ticns 0OpoOKM piZHUMH (PI3UMUHUMH METOJAMU MIKPOCTPYKTypa 0000BHUX
BIJIXOJIIB BIJMOBIJaIa pe3yabTaTaM PO3MOJALTY YaCTHHOK 3a po3mipoM. [loBepxHs
00po0OIeHNX MIKpPOUACTHHOK O000BHX B1IX0/11B OyJia IOPCTKOIO, HEMPABUIBHOIO Ta

MOBHOIO OTBOPIB, MOPIBHSIHO 3 KOHTPOJBHUMHU 3pa3kaMu (MOBEPXHS Maja MyXKY



CTPYKTYpY JHUCTa 3 Oararbma CKJIQJKaMH, a My4OK BOJOKOH MaB YIOPSIKOBAaHY
CTPYKTYypy). O6pobOKa 6060Bux 3anumikiB U Ta KoMOIHOBaHOIO 00pOOKOI0 IMOKa3ain
COTOBY CTPYKTYpYy Ta ApPIOHUNA PO3MOALT YACTUHOK, II0 MOKPAIIWJIO MOKAa3HUKU
00pobneHnx 0000BHUX 3AUIIKIB.

Bukopucranus SDS-PAGE jns  Bu3HaueHHS MOJICKYJISIPHO-MAcOBOTO
po3noauTy OiIKiB JoBeno, mo oOpodka U He BIumBae Ha BMICT OUIKOBHX
cybonuHuIls B 60060BuX 3aymmimikax. Oopooka HP ta U-HP mana neBuuii BrijiuB Ha
MOJIEKYJIsIpHy Macy Ouika. Ilicis o6podbku M Tta U-M OiikoBi cMmyru 3
MoJeKyIsipHoto Macoro moHan 90 k]I cramu cBithimmmu. [licas o6podxu HTC ta
U-HTC 6inkoBi cMyTru MOBHICTIO 3HUKJIU. byno goBeaeHo, 1mo oOpoOka OJHUM 3
metroniB M 1 HTC ta xom6inoBanumu merogamu U-M 1 U-HTC manu Benukuii
BIUIUB HA MOJICKYJISIPHY Macy OiJika.

ExcnieprMeHTanbsHO BCTAHOBIICHO, IO BIUIMB HETEINIOBUX METOIIB 00pOOKHU
(U, HP Ta U-HP) Ha 3HmKEHHS BMICTY iHTi10ITOPIB TPUIICHHY 3HAYHO TOCTYMAETHCS
BILTUBY TepMiuHOi 00poOku. HTC ta U-HTC Manu nomiTHUM BIUIMB Ha 1HT10yBaHHS
aKTUBHOCTI 1HTI01TOPIB TPUIICHHY, sIKI Oysu 3HMkeH1 3 7365 TIU/r o 1210 Ta 96
TIU/r BinnosiaHo. Ile Bkazye Ha Te, 10 TepMiuHa 00poOKa €(PEKTUBHO 3HIKYE
aKTUBHICTH 1HT101TOpa TPUIICHUHY.

Bynu npoBeneH1 1ocaipKeHHs 111010 3MIHA PO3UMHHOCTI Y BO/I1, 3/TATHOCTI 10
HaOyXaHHs, 3IaTHOCTI JI0 IMOTJIMHAHHS JKUPY Ta KaTIOHHOT afcopOIiiHOT 3/1aTHOCTI
npu niepepoOiri 6000BUX 3ayMIIKiB. Pe3ynbTaT mokasanu, 1o, oopooka, ik OJJHUM
OKpPEMHUM METOJIOM, TaK 1 KOMOIHOBaHa 00pOOKa 3HAYHO MiABUIIYBAIH POZUHHHICTh
0000BUX 3aJTUIIKIB Y BO/I1, aJI€ PO3YMHHICTH 0000BUX 3AJTUIIIKIB MICIIs KOMOIHOBAHOT
00poOKM Oyja BHILOIO, HDK MICJIS BUKOPUCTAHHS OKPEMHUX METOAIB OOpOOKH.
3naTHICTh 10 HaOyXaHHS Ta ajcopOliifHa 37aTHICTH 00OOBUX 3aJIMIIKIB OyJia
3HIDKEHA, a Pe3yJbTaTUBHICTH OOPOOKH OAHUM OKPEMUM METOJOM OyJia BHIIOIO,
HDK Tpu KOMOIHOBaHIM 00poOui. AjncopOuiitHa 37aTHICTE OOOOBHX 3aJIMIIKIB
moKasaja, o 3pa3ku, o0poOJieHI KOMOIHOBAaHOI TEXHOJOTIE€I0, MICTHIIM MEHIII
YaCTMHKH, TOMY BOHHM MaJid OLIbIly KaTIOHHY 3JaTHICTh [0 MOTJIMHAHHS.

[linTBepIKEHO, 1110 TonajaHHs OopoIIHa 3 0000BUX 3AJIMIIKIB B KMIIIKOBUM TPaKT
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crpusie nornuHaHHio Na* i BUBEJCHHIO HOro 3 OpradiaMy, THM CaMHUM 3HIKYHOUH
YacTOTY CEpLIEBO-CYAMHHUX Ta IHIIUX 3aXBOPIOBaHb, €(EKTUBHICTH MEPEPOOKU
0000BHX BIIXO/A1B 30arauye iX 3aCTOCYBaHHS B XapUOBHX IIPOJIYKTaX 1 MOKpaIIye ix
¢bi31070T1YHY PYHKIIIIO.

PenaxcariiiftHi B1acTUBOCTI BOJIM B 000OBHUX 3aIUIITKaX, 0OPOOICHUX PI3HUMHU
GI3MYHUMHE  TEXHOJIOTISIMM, BHU3HAUYAIM 3a JIOMIOMOTOIO SIIEPHOTO MAarHiTHOTO
pe3onancy (HMP).

ITicns o6pooxku HTC, U-HP, U-M ta U-HTC wuacTtka 3B's3aHOi BoAW B
0000BHX BIAXOJaX 3pociia, a 4YacTKa HEPYXOMOi BOAM 3MEHIIWIACH MICHs
perigpartarii. Ilnoma miky 60060oBuX BigxoniB, oopo6ienux HP 1 HTC, nemro
30uIbImmIacs. KpiMm toro, BMICT BUIbHOT BOAM (Az4) TOBUTUBHO KOPETIOE 3 BMICTOM
Bosu (W %) BUCYIIIEHUX 3QJIMIIIKIB.

JIJisi BU3HAaUEHHS B’S3KOCTI 3a JOMOMOTOIO0 €KCIpec-aHali3zaTopa B’sI3KOCTI
rOTYBaJIM CYCIEH3110 0000BMX BiIXOAIB. B'A3KICTh cycneH3ii 0000BUX BIIXOMIB
3HIDKYBajacs IMICHS PI3HUX METOMIB O0OpOoOKHM, OCOOJHMBO IMCIs KOMOIHOBAHOL
00poOku. OnHak nume M-o0poOka 30iyblTyBaia B’SI3KICTh CycreH3li 0000BUX
3JIMIIKIB TOPIBHSIHO 3 KOHTPOJIBHUMU 3pa3kaMu. Lle cBiIumiio npo e, mo B’ SI3KICTh
0000BUX 3aIHIIKIB, 00pOOJIEHUX 32 KOMOIHOBAHOIO TEXHOJIOTIE0 OyJia HU3BKOIO.

OuyeBHHO, IO Pi3HI CIOCOOM OOPOOKM MOXKYTh BIJIMBAaTH Ha CTaOUIBHICTD
06000Bux 3amumikiB. Ilicias BuTpumku npoTsiroM 48 roauH 1 72 TOAUH 3pa3KiB,
oopobnenux M, HTC 1 U-HTC O6yno 3apeecTpoBaHO 3apakeHHs MikpoOamu, a
00’eM HaZ0CaI0BOI PIAMHU 3MEHITUBCS a00 3HUK. OHaK O000BI1 3aJMIIKH 1] Yac
00po6ku HP ta U-HP Oynu HaitO11b11 cTaOLTBHUME 3 HE3HAYHUMHU 3MIHAMU 00’ €My
CylepHaTaHTy yepe3 72 roguHu. Yepes THKIEHb Y KOKHIM po0ipIli 3’ aBUBCS 3amax,
o0 BKazye Ha MikpoOiosoriune 3a0pyneHHs. TakuM 4YMHOM, KOMOIHOBaHa
TEXHOJIOTisI MOKe OyTH KOPHUCHOIO B Xap4OBiil TIPOMHUCIOBOCTI JJIS 301IBIICHHS
TEepMiHy 30€epiraHHs XapuoOBUX MPOAYKTIB.

JIMHaMi4H1 PE0JIOTiuH1 BJACTUBOCTI CycnieH31i 6000BHX 3aIHILIKIB BU3HAUAIU
3a IOMOMOT010 poTarliitHoro peomerpa. Jlis mopiBasaHs, G’ 1 G" 6000BHX 3aJIHIIIKIB,

o6po6siennx U ta HP, Oynu Hrmkunmu, Hixk y M Ta KOHTPOJIBHUX 3pa3KiB, 1 BUIITUMU,



HIX y 3pa3kiB HTC Ta Bcix koMmOiHOBaHUX 00p0oOOoK. OmHak, kpiM 06podku M, HTC
Ta BCi koMOiHOBaHi Metoau 00poOku (U-HP, UM ta U-HTC) Oynu Ha HumK4OMYy
PIiBHI, a TeHeHIIIs 3MiHM KoedirienTa BTpar (tan ) 1 G” mana Ty camy TEHICHIIIIO.
Ile Bka3yBasio Ha Te, MO KOMOIHOBaHa OOpOOKAa MOYKE€ 3MEHIIUTH 3EPHUCTICTH
BOJIOKHA 000O0BUX 3aJTUIIKIB, aji€ X B’S3KICTh 1 €JIACTUYHICTh HE 301IBIITYIOThCHI.

3anumiku 0000BuX, 00pobienux repmiyanmu Metonamu (M, HTC, U-M 1 U-
HTC), maym Hmxk4i 3HadenHs L*. 3a punsarkom o06pooku U-HP, 3Hayenns a* i b*
IHIIMX BUAIB 00OpOOKH OyJIM 3HAYHO BHUILUMHU, HIK Y KOHTPOJIBHIN rpymi. O6poOka
HP, M, HTC ta U-HTC mpusBena no Bumux 3HadeHb AE (3arasbHa pi3HHIS
KOJIb0pY) 3pa3kiB. Ha inaexc 6immu3nu (WI) Takox cyTTEBO BIUTMBAIH P13HI METOIU
¢13uuHoro BruBy. Lli pe3ynbratu mpoJeMOHCTPYBAJIH, IO Pi3HI (Pi3UYHI METOIU
0OpOOKM MaJIy MEBHUI BIUIMB Ha KOJIBOPOBICTH O0OOBUX 3aJIMILKIB.

BcranoBiieHo, 1110  BIOPOBAXKEHHSI  3alPONOHOBAHUX  KOMOIHOBaHUX
TEXHOJIOT1d 00poOKKM 0000BUX BIAXOJIB JJisi BUPOOHUIITBA MEUYMBA € EKOHOMIYHO
JTOLUTBHUM. Y 1bOMY JOCHIPKeHHI KoMOiHOBaHa TexHousoris U-M Oyna
BUKOpPHWCTaHa JJIsi OTPUMAaHHs OOpoIHa 3 0000BUX 3aJIMIIKIB JJISI XPYCTKOTO Ta
TBEP/IOTO TICUNBa.

Cuna OopolliHa, IO BUKOPUCTOBYETHCS Il TMPUTOTYBAHHS XPYCTKOIO
ne4yuBa (OOPOIIHO 3 HU3bKUM BMICTOM KJICHKOBUHH) 1 TBEPAOT0 Ne4uBa (OOPOIITHO
CepeHIM BMICTOM KIICMKOBHMHH), pi3HA, aje Ma€ TOCTIHHY TEHICHIIIIO II0JI0
B’A3KOCTI TicTa. EKCIeprMEHTanhbHO BCTAHOBJICHO, IO JOAaBaHHS OOpOIIHA
0000BUX 3aJMIIKIB 3HAYHO 3HIXKYBaJO B’SI3KICTh TICTa, 1 BCl 1HAEKCH
JEMOHCTPYBaJIu TEHJCHINIO JO iX 3HWXKEHHS (MiKOBa B’S3KICTh, MiHIMAJIbHA
B’SI3KICTh, B’A3KICTb NPHU PO3PHUBI, KIHIEBA B’A3KICThb, B’SI3KICTh 3HHUXKEHHS).
ExcnepuMeHTanbHl pe3yiabTaTh I[OKa3aid, IO J0JaBaHHS TEBHOI KUIBKOCTI
OopomHa 3 000OBHX 3aJIMIIKIB MOXE €(PEKTUBHO MOKPAUIUTH >KEIATHHIZYIOUY
XapaKTEPUCTUKY OOPOIIHA Ta MiABUIIUTH XPYCTKICTh NIEYHBA.

BumiproBaHHs TEKCTypH TiCTa ISl XPyCTKOTO MEYMBA B aHAJI3aTOP1 TEKCTYPH
MoKa3ajo, IO 3HAYeHHS TBEPAOCTI 30UIbIIYBANOCA MpU 3OUIBIIEHHI BMICTY

0000BUX BIIXOMIB y ckiajil neunBa. TBepaicTe cranoBmwia 5019,95+£114,01 r npu



nonaBanHi 15 %, mo Ha 54,78 % Bumie, HiX y KoHTpoai. OgHaK, MpH 101aBaHHI
oinbre 20 % 6oporrHa 6000BUX BiAXOIB TBEPICTh TicTa 3HIKYBayacs. [TokazaHo,
10 KYBaJIbHICTh NIEYMBA TO3UTUBHO KOPEJIOBAA 3 TBEPAICTIO Ta KIEHKICTIO.

31 301IbIICHHAM BMICTy 000OBHX 3aJIMIIKIB 3MEHIIUJIOCSA 3HadeHHs L* Ta
30UTBIIMIIOCS 3HAYEHHS 8% XpYCTKOro MeYuBa, 10 BKa3zye Ha 30UIbIICHHS TEMHOTO
Ta JKOBTYBATOI'O KOJIbOPY, 3HA4YeHHA D* 3menmmwmcs Ha 5-25% mnpu moxaxi
ooporrHa 3 6060BuX 3anuiiKiB. [1[o cToCy€eThCs KOMBOPY XPYCTKOTO MEYKMBA, TO BiH
CTaB TeMHIIMUM (HuxK4IuK L*), O1ab1 YepBOHYBaTUM (BHII 3HAYEHHS a*) 1 MEHIII
YKOBTYBaTUM (HIDKYI 3HaUeHHs b*), komu momaBamu 00poIrHo 3 0000BHX 3aJIHIIKIB,
Ha 15-25%. TenneHiis Bu3HAUeHHSA Oyjia MOAI0OHA 10 pE3yJbTaTIiB aHaAJI3y
XpyCTKOro neurBa. byno qoBeneHo, o KoJaip BUPOOIB MOXeE OyTH NOB’sI3aHUM SIK
13 OKpEMHUMHM IHTpPEAIEHTaMH NPOAYKTY, TaK 1 3 KOJbOPOM, SIKMI YTBOPHUBCA
BHACJIIJIOK B3a€EMO/II1 IHTPEIIEHTIB.

TBepaicTh XPYCTKOTO TMEYMBa MOCTYMOBO 30UIbIIyBajgacsa 31 30LIbIICHHSIM
BMiCcTy 0000BHX 3anuiikiB. Komu 6opoirHo 6000BUX 3aMuIIKiB gojaBanu Ha 15%,
TBEpIICTh nocsaria Makcumymy 2328,49 N. Ilpu nonasanni 20% GopoirHa 6000BUX
3aJIMIIKIB, TBEP/IICTh MT€YMBA MaJla TEHACHIIIIO 0 3HMKEHHS. TBepIiCTh, KIEUKICTh
1 ’KyBaHHS TIO3UTUBHO KOPENOIOTh. JloaBanHs 0oporitHa 6000BUX 3aJIUIIIKIB MOXKE
e(EeKTHUBHO MOKPAIIUTHU JKENATUHIZYIOUY XapaKTEPUCTUKY OOPOILIHA Ta MIABUIIUTH
XPYCTKICTh I€UHBa.

31 30UIBIICHHSIM YaCTKU OOpOIIHAa 00O0BHX 3JIUIIKIB BHYTPIIIHS CTPYKTYpa
NeYMBa CUJIBHO 3MIHIOETHCA, MyXHUPLI MOBITPS MOCTYMOBO 30UIBIIYIOTHCS, a
MOBEPXH 3 Ipi1OHOI cTae mopcTkoro. Ko nomaBanus 6oporiHa 6000BUX 3aJIUIIKIB
nepeBuniio 20%, BEpIIKOBE MAaclo B TICTI HE MOXE IMOKPUBATU YaCTUHKU
KpOXMaJIt0, OUIKM KJIEHKOBUHM Ta BOJIOKHA, PUCYTHI B OOPOIIIHI, IO BIUIMBAE HA
SKICTh XPYCTKOT'O TICUHBA.

3a XapakTepUCTUKAMH TICTa Ta CEHCOPHOIO OLIHKOI XPYCTKOTO IEYMBa
MaKCHUMaJIbHa KIJIbKICTh OopoIiia 6000BHUX 3aIuIIKiB cTraHoBmita 20%, 1110 Ha1aBaio

NIEYMBY KPAILIOI'O CMAaKy.



3aBasKu pe3ysbTaTaM OJHO(AKTOPHUX Ta OPTOTOHATBHUX E€KCIIEPUMEHTIB 3
TicToM Oyjla oTpuMaHa ONTHUMajibHAa (opMysa XPYCTKOTO IeurnBa 3 000OBUMHU
Bimxoxamu: 80 r 60poIITHa 3 HU3LKUM BMICTOM KJIeKoBUHHU, 20 T 60po1irHa 6060BUX
3anuikiB (micis 06pooku U-M), 50 r BepikoBoro macna, 20 r IyKpoBoi myIpH, 5
I' KyKypyI3sitHoro kpoxmanto, 20 r xoBTKiB, 1 T comi, 0,75 T po3mymiyBaya;
Burnikanusg npu 175 °C 11 xB. XpycTKe NeUnBO, MPUTOTOBAHE 32 L1€10 TEXHOJIOTIEIO,
MaJjio XpyCTKUN CMakK, 30JIOTUCTUH KOJIIp 1 mpueMHHU 6000Buit apomat. CeHcopHa
OILlIHKA XPYCTKOro TNe4rBa 3 0000BUMU 3alMIIKaMU ckiaia 94 Oand, a 3HaYCHHS
TBepaocti — 1597,41 H.

31 301/IbIIIEHHAM JI0/1aBaHHs OopolHa 3 6000BUX BIIXO/AIB XapaKTEPUCTUKU
KJIecTepu3allii 1eMOHCTpyBaiM 3HauHe 3HIKeHHs (p < 0,05). IlikoBa B’S3KICTh
3MeHImiIack Ha 22,37%, minimanbsHa Ha 20,82%, a kinneBa — Ha 20,22% nopiBHSIHO
3 KOHTPOJIbHOIWO Tpymoro. [IpuunHa Moke mojsiraTd B TOMY, 10 0000B1 3aJIUIITKA
MalTh CHJBHY 3JAaTHICTh TOTVIMHATH BOAY 1 KOHKYPYIOTh 3 KpOXMajeMm 3a
MOTJIMHAHHS BOJHM, B pe3yJbTaTl 4YOro KpOXMajb HE MOXE OyTH TOBHICTIO
kiectepu3oBanuii. [Ipu peosoriuHoMy aHaiizi 000OBI 3aJUIIKH  IT1IBUIIMIIHA
B’S3KICTh 1 €JJaCTUYHICTh TBEPJAOTO TICTA.

31 30UTBIIIEHHSIM BMICTY OOpoIiTHa 0000BHX 3aTHIIKIB TBEPAICTH OyJia BUIIOO
3a KOHTpoJibHY. HaliBuiia TBepaicTh ctaHoBUna 7464,53+219,99 H, konu piBeHb
JoaBaHHs OopoIHa 3 0000BUX 3aMIIKIB cKiIaB 12,5%, mo Ha 86,27% Bwuiie 3a
KOHTPOIIb. IMOBipHO, 11¢ 6y/10 OB S3aHO 3 THM, [0 KIITKOBHHA i Oi10K 6060BHX
3JIUIIKIB KOHKYPYIOTh 3 OOpOITHOM 3a BOJIOTY, TaKUM YHHOM, II€ CIIpHUSE
YTBOPECHHIO TIIOTCHY Ta CHPUYMHSAE 30UTBIICHHS TBEPAOCTI TicTa. TBEpHiCTh,
KJIEUKICTh 1 >KyBaHHSA ITO3UTHBHO KOPENIOIOTh. TeHJEHIlsT BU3HAYEHHsA Oyia
noaiOHa 10 pe3ysbTaTiB TBEPAOro TiCTa.

31 301IbIICHHAM BMICTYy OopoiiHa 3 O00OBHX 3aJMIIKIB 3MEHIIYBAJIOCS
3Ha4yeHHs L* (komip cTaB TeMHINIMM) i 30UIBIIYBAIOCS 3HAYCHHS a* (KOJip OB
YEPBOHYBATHI{) TBEPJIOTO MEUYUBA, AK€ 3MIHIOBAJIOCS BiJ] 30J0THCTO-KOPUYHEBOTO

70 KapaMenbHOro Kojbopy. Ilin yac BumMiKaHHA TeMIlepaTypa 30BHIIIHIX IIapiB
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npoaykry nepesumtyBana 150 °C, 1 BimOyBanacsi peakiii Maiisipa Ta LyKpOBOi
Kapamerizailii, ki BIJIIOB1IaI0Th 3a KIHIIEBUM KOJIIP CKOPUHKH.

[TapameTpn JOCHIKYBaHMX 3pa3KiB  MPOJAEMOHCTPYBAIU  301JIbIICHHS
TBEPAOCTI, KOre3ii, KJIEHKICTh, >KyBaJbHOI 3JaTHOCTI TMEYMBa IOPIBHAHO 3
KoHTpoJieM. TBepaicTs cranoBuia 4698,98+97,71 H npu piBHI 101aBaHHS OOPOIITHA
12,5%, mo Ha 53,75% Buime, HiXK y KOHTpoJi. [Toka3HUKHA KJIEWKOCTI meunBa 3
0000BUMH 3aTHIIIKAMK OYJIM JIOCTOBIPHO BUIITUMHU 3a KOHTPOJIbHI Ta cTaHOBUIH (P
< 0,05). Ognak 3HaYeHHS MOKA3HUKIB POIKOBYBAHHS MEUMBA 3 JOJIaBaHHIM 2,5 %
OopomHa 3 0000BHX 3aJMIIKIB ICTOTHO HE BIIPI3HSUIMCS BIJ aHAJIOTTYHHX
noka3HukiB 3 5 % momanoro Oopomna (P > 0,05). PozxoByBaibHa 31aTHICTH
ctanoBwia 473,57£131,04 npu piBHI JoAaBaHHS OoOpoIlIHA 3 000OBUX 3AJIUIIKIB
12,5%, mo Ha 93,14% Buille, HIX Y KOHTPOJIL.

Pesynbratu nocnimkenns SEM Takox miaATBepIniIu, 0 O0POIIHO 6000BUX
3QJIMIIKIB Ma€ TICBHUN BIUIMB Ha TBEPAICTh I€UMBA, IO Y3rOMKYyBajaocs 3
pesynbTaTamu TPA TekcTypu neudusa.

3a XapakTepUCTUKaMHM TiCTa Ta CEHCOPHOIO OI[IHKOI TBEPAOTO IMEeYnBa
ONTUMAaJIbHA KUIbKICTh 0000BUX BIAXOAiB cTaHOBUIa 10 %, 1m0 HagaBajao MeYuBy
Kpamioro cMaky.

3aBAsKUA pe3ysibTaraM OAHO(AKTOPHUX 1 OPTOTOHAIBHUX EKCIIEPUMEHTIB 3
JOCIIJKEHHST TicTa Oyja OoTpuMaHa ONTHMalibHa (opMysia TBEPJOTO TEYHBa 3
606oBuMHu Biaxomgamu: 90 r nmeHuyHoro OopoimHa, 10 r© GopoirHa 3 0000BHX
3anuuikiB (micis o0poOku U-M), 30 mut Boau, 25 T LyKpoBOi MyIpH, 5 T KPOXMAJIIO,
1 rpo3nymryBaga ta 0,5 T comi, 20 T 5€4HOTO KOBTKA, 5 T COEBOI OJIii; TEMIIepaTypy
BurnikanHs 195 °C tpuBanicts BumikanHsa 8 xB. CeHCOpHA OIliHKa TBEPAOTO NeYnBa
3 0000BUMH BiXo1aMu ckjajia 88 OaniB, a 3HaueHHs TBepaocTi — 4344,95 H.

Po3pobrmeHo  KoMIuieKC  3axXOfiB i BIOPOBAKEHHS  PE3yJIbTaTiB
JOCTIPKeHHSI HA TPaKTHIli. BCTaHOBIEHO, 10 BIPOBAIKEHHS 3alpPOTIOHOBAHOTO
PENEnTypPHOTO CKJIaay Ta TEXHOJIOT1i BUPOOHHUIITBA MeUnBa 3 6000BUMU BIIX0aMHU
€ eKOHOMIYHO JouibHuM. HoB1 TexHomorii OynyTh 3aCTOCOBYBAaTHCS B XapyoBiii

MIPOMUCIIOBOCTI.
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ANNOTATION

Fang Wang. Improving the quality of bean dregs by physical methods during
its use in bakery technology. — Qualifying scientific work on the rights of the
manuscript.

Thesis for a PhD Degree specializing in181 «Food Technology», subject area
18 «Production and technology». Sumy National Agrarian University, Sumy, 2022.

The dissertation is devoted to the scientific substantiation and development
of technologies for improving the quality of bean dregs by physical methods during
its use in bakery technology.

It is established that the creation of new technologies of combined food can
solve the problem of the lack of SDF, and improve the quality and functional
characteristics of bean dregs. In addition, it provides better quality for the production
of bean dregs biscuit. Combination of ultrafine grinding with high pressure,
microwave and high-temperature cooking is a promising direction in the creation of
processing the bean dregs due to mutual influence between physical technology is
combined with each other, so that the nutrients in bean dregs are transformed.

The purpose of the dissertation is scientific substantiation and development of
technologies for improving the quality of leguminous waste when using physical
methods in baking technologies. The object of the study is the quality of leguminous
waste processed by physical methods. The subject of the study is the physicochemical
properties of leguminous waste processed by physical methods; physico-chemical
properties of dough and cookies made using bean waste; their technological,
rheological and organoleptic properties; parameters of the processing of leguminous
residues by physical methods.

The relevance and feasibility of using ultrafine grinding combined with high
pressure, microwave and high-temperature cooking for a good source of soluble
dietary fiber for functional compositions and nutritional quality of bean dregs has

been proved.
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The compositions, characteristics and physicochemical property of Physical
single technology and combination technology for the treatment of bean dregs are
Investigated.

In physical single technology and combination technology, the dependences of
changes in the parameters of the SDF, protein, mineral content, particle size, scanning
electron microscopy (SEM), sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), trypsin inhibitors, water solubility, fat adsorption
capacity, cationic adsorption capacity, chrominance and whiteness of bean dregs, and
water relaxation properties, viscosity, stability, dynamic rheological properties of
bean dreg slurry are determined. We obtained describing the processes of changing
parameters. The resulting can be used for selecting optimum combination technology
and for rich SDF in functional biscuit in the production of bean dregs.

Several physical techniques were applied to increase the SDF content of bean
dregs in this work, the optimum conditions for improving SDF of soybean dregs were
determined by single factor test. It was found that the SDF contents in bean dregs
treated with ultrafine grinding (U), high pressure (HP), microwave (M), high
temperature cooking (HTC) and their combination techniques (UHP, U-M and U-
HTC) were 15.15 + 0.12%, 10.40 = 0.19%, 13.84 £ 0.13%, 13.87 + 0.13%, 18.86 +
0.11%, 19.23 £0.19%, and 16.89 + 0.13%, respectively, much higher than that of the
control sample, which was only 1.63 + 0.2%. It has been proved that the bean dregs
under physical technology treatment is a good source of soluble dietary fiber, and the
application of combined methods is the development trend.

Technologies of increase the content of SDF of bean dregs have been
developed. The rational values of individual parameters and modes of technological
schemes of these technologies are determined.

The protein content of bean dregs was analyzed as described in the AOAC
reference method. It was found that the single technical treatments, the protein content
in bean dregs after U, HP, M and HTC treatments decreased from 23.46% to 11.96%,
16.30%, 12.85% and 13.09%, respectively. The protein contents in bean dregs were
further reduced after combination treatments, especially U-HP treatment. It was
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proved — protein content in bean dregs decreased greatly after physical technology
treatment with either single techniques or with combined techniques.

As expected, some parameters were decreased significantly (p < 0.05) by
different physical technologies as compared with those of the control, the combined
treatment had the greatest effect on the particles of bean dregs. The particle size of
bean dregs was smallest (69.52 um) after U treatment, among all single technology
treatments. However, among all combined technology treatments was smallest by U-
HP (27.43 um) treatment. It has been proved that combination treatments were further
improved roughness of bean dregs.

The mineral content of bean dregs was determined by inductively coupled
plasma-atomic emission spectrometry. U-HP combination increased the contents of
Ca, Na, Fe, Ti and Sr. and the combination of U-M and U-HTC treatments greatly
increased the K and Ca contents. In single treatment, the highest contents Se and Sn
were found in the samples by U treatment, however, M and HTC techniques reduced
the contents of K, Ca, Mg and Zn element in single treatment. The combination
treatments help the exposure of mineral elements in the samples were confirmed.

After various physical treatments, the microstructure of bean dregs SEM were
consistent with the results of particle size distribution. The surfaces of treated bean
dregs were rough, irregular and full of holes compared with control samples (had a
loose sheet structure with many folds, and the fiber bundle exhibited an ordered
structure). The bean dregs by U and combined treatments showed honeycomb
structure and small particle distribution. It was proved — processing performances
improved of bean dregs.

SDS-PAGE was used to detect the molecular weight distribution of proteins. U
treatment had no effect on the content of protein subunits in bean dregs. HP and U-
HP treatments had some effect on the molecular weights of the protein. After the M
and U-M treatments, the protein bands for molecular weights above 90 kD became
lighter in color. After HTC and U-HTC treatment, the protein bands had disappeared
completely. It has been proved that the single treatments M and HTC and the
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combined treatments U-M and U-HTC had great influence on the molecular weights
of protein.

It was experimentally established that the effects of non-heating treatments
(U, HP and U-HP) on the reduction of trypsin inhibitor content were much inferior to
those involving heat treatment. HTC and U-HTC had prominent effects on inhibiting
trypsin inhibitor activity, which were decreased from 7365 TIU/g to 1210 and 96
TIU/g, respectively. This indicated that heat treatment effectively reduced trypsin
inhibitor activity.

Research was carried out on changes in the water solubility, swelling capacity,
fat absorption capacity and cationic adsorption capacity of processing performance of
bean dregs. The results showed that both single treatments and combination
treatments significantly increased the water solubility of bean dregs, and the solubility
of bean dregs from the combined treatment were higher than those from the single
treatment. However, the swelling capacity and fat adsorption capacities of bean dregs
were decreased, and the single treatment were higher than those from the combined.
The adsorption capacity of bean dregs showed that the bean dregs treated by the
combination technology contained smaller particles, so they had stronger cationic
absorption capacity. It has been confirmed that the introduction of the bean dreg
powder into the intestinal tract is beneficial to absorb Na™ and discharge it from the
body, thereby reducing the incidence of cardiovascular and other diseases, processing
performance of bean dregs enriches their application in foods and improves their
physiological function.

Water relaxation properties in bean dregs treated by different physical
technologies were determined by low field nuclear magnetic resonance (LF-NMR)
After the HTC, U-HP, U-M and U-HTC treatments, the proportion of bound water of
bean dregs increased and the proportion of immobile water decreased after
rehydration. And the peak area of the bean dregs treated with HP and HTC increased
slightly. In addition, the free water content (Azs) is positively correlated with the water
content (W %) of dried bean dregs. This technique can effectively and

nondestructively determine the change of water relaxation in samples.
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Bean dreg slurry was prepared for determination of viscosity with a rapid
viscosity analyzer. The viscosity of bean dregs slurry was decreased after different
treatment, especially the combined treatment. However, only M treatment increased
the viscosity of bean dregs slurry, compared to the control samples. This indicated
that the viscosity of bean dregs under the combination technology was low.

Different treatments could obviously effect of different treatments on the
stability of bean dreg slurry. After standing for 48 h and 72 h, microbial infection
occurred in tubes M, HTC and U-HTC treatment, and the supernatant volume
decreased or disappeared. However, the bean dregs under HP and U-HP treatment
were the most stable, with little change in supernatant volume after 72 h. After
standing for a week, there was an odor in every tube, indicating that each tube was
corrupted. This indicated that combination technology that could be useful in the food
industry to prolong the shelf life of foods.

The dynamic rheological properties of the bean dregs slurry were determined
by a rotary rheometer. In comparison, the G’ and G” of the bean dregs treated with U
and HP were lower than those of M and control samples, and higher than those of the
samples by HTC and all combined treatments. However, except the M treatment,
HTC and all the combined treatments (U-HP, UM and U-HTC) were at a lower level,
and the change trend of the loss factor (tan 6) and G” have the same trend. This
indicated that the combined treatment could reduce the granularity of bean dreg fiber,
but its viscosity and elasticity did not increase.

The bean dregs treated by thermal treatments (M, HTC, U-M, and U-HTC) had
lower values of L*. Except for the U-HP treatment, the a* and b* values of the other
treatments were significantly greater than those of the control group. The HP, M, HTC
and U-HTC treatments resulted in higher values in the AE (total color difference) of
the samples. The whiteness index (WI) was also significantly affected by different
physical treatments. These results demonstrated that different physical treatments had
definite effects on the chrominance of bean dregs.

It is established that the introduction of the proposed combined technologies to

treat bean dregs for the production of biscuits is economically feasible. In this study,
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U-M combined technology was used to prepare bean dreg powder for crisp biscuits
and hard biscuits.

The strength of flour used in making crisp biscuits (low gluten flour) and hard
biscuits (medium gluten flour) is different, but has a consistent trend on the viscosity
of paste. It was experimentally established that the addition of bean dregs greatly
reduced the viscosity of paste, and all the indexes showed a downward trend (peak
viscosity, trough viscosity, breakdown viscosity, final viscosity, setback viscosity).
The experimental results show, that the add a certain amount of bean dregs powder
can effectively improve the gelatinizing characteristics of flour and increase the
crispness of biscuits.

Measurement of crisp biscuits dough texture in the texture analyzer showed
that the hardness value increased when bean dregs content in the biscuit formulation
was increased. The hardness was 5019.95+114.01 N when the bean dregs addition
level of 15%, which was 54.78% higher than the control. However, above 20% of the
bean dregs the dough hardness decreases. It can be explained that the chewiness of
biscuits was positively correlated with hardness and gumminess.

With the increase of the amount of bean dregs powder decreased L* and
increased a* crisp biscuits values, indicating more dark and yellowish, b* values
decreased added bean dregs at 5-25%. Concerning the crisp biscuits color, it became
darker (lower L*), more reddish (higher a* values), and less yellowish (lower b*
values) when bean dregs was added at 15-25%. The determination trend was similar
to the crisp dough results. It was proved — the color of a baked good can be attributed
to both the individual ingredients of the item and the color developed from ingredient
Interactions.

The hardness of crisp biscuits increased gradually with the increase of bean dregs.
When the bean dregs powder was added at 15%, the hardness reached the maximum
of 2328.49 N. When the bean dregs powder was added at 20%, the hardness of biscuit
showed a downward trend. The hardness, gumminess and chewiness are positively

correlated. The determination trend was similar to the crisp dough results. The
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addition of bean dregs powder can effectively improve the gelatinizing characteristics
of flour and increase the crispness of biscuits.

With the increase of the proportion of soybean residue powder, the internal
structure of the biscuit changes greatly, the gap gradually becomes larger, and the
surface becomes rough from fine. When the addition of soy powder exceeds 20%, the
butter in the dough is unable to coat the starch particles, gluten proteins and fibers
present in the flour, affecting the quality of the crisp biscuits.

According to the characteristics of dough and the sensory evaluation of crisp
biscuits, the maximum amount of bean dregs was 20%, which gave the biscuits a
better taste.

Through single factor and orthogonal test results the optimal formula of bean
dregs crisp biscuits was obtained: 80 g low-gluten flour, 20 g bean dreg powder (after
U-M treatment), 50 g butter, 20 g powdered sugar, 5 g corn starch, 20 g egg yolks, 1
g salt, 0.75 g baking powder, and baked at 175 °C for 11 min. The bean dregs crisp
biscuits prepared by this processing technology got the crispy taste, golden color, and
good bean fragrance. Sensory score of bean dregs crisp biscuits was 94 points, and
hardness value was 1597.41 H.

With the increase of bean dregs addition, gelatinization characteristics showed
a significant downward (p < 0.05). The peak viscosity decreased by 22.37%, the
trough viscosity decreased by 20.82%, and the final viscosity decreased by 20.22%
compared with the control group. The reason may be that bean dregs have strong
water absorption capacity and compete with starch for more water, resulting in starch
can’t be fully gelatinized. In rheological analysis the bean dregs increased could
viscosity and elasticity of hard dough.

With the increase of bean dregs, the hardness was higher than that of the control.
The highest hardness was 7464.53+219.99 N, when the bean dregs addition level of
12.5%, which was 86.27% higher than the control. This was probably due to fiber and
protein of bean dregs compete with the flour for moisture, in a way that promotes

gluten production until it suppresses the behavior causing an increase in the hardness
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of the dough. The hardness, gumminess and chewiness are positively correlated. The
determination trend was similar to the hard dough results.

With the increase of the amount of bean dregs, the reduced L* (became darker)
and increased a* (more reddish) of hard biscuits values, which changes from golden
brown to caramel color. The cake crust temperature exceeded 150 °C during baking,
and thus Maillard and sugar caramelization reactions take place and are responsible
for the final crust color.

The parameters showed increases in the hardness, cohesiveness, gumminess,
chewiness of the biscuits compared with control. The hardness was 4698.98+97.71 N
when the bean dregs addition level of 12.5%, which was 53.75% higher than the
control. The gumminess values of the biscuit with bean dregs were significantly
higher than that of the control and significantly (P < 0.05). However, the gumminess
values of the biscuit with bean dregs additions of 2.5 % were not significantly
different from additions of 5% (P > 0.05). The chewiness was 473.57+131.04 when
the bean dregs addition level of 12.5%, which was 93.14% higher than the control.

The SEM results further confirmed that bean dregs powder had a certain effect
on the biscuit hardness, which was consistent with the TPA results of biscuit texture.

According to the characteristics of dough and the sensory evaluation of hard
biscuits, the maximum amount of bean dregs was 10%, which gave the biscuits a
better taste.

Through single factor and orthogonal test results the optimal formula of bean
dregs hard biscuits was obtained: 90 g wheat flour, 10 g bean dreg powder (after U-
M treatment), 30 mL water, 25 g sugar powder, 5 g starch, 1 g baking powder and 0.5
g salt, then add 20 g egg yolk, 5 g soybean oil, surface fire temperature at 195 °C for
8 min. Sensory score of bean dregs hard biscuits was 88 points, and hardness value
was 4344.95 H.

A set of measures has been carried out to put the results of the study into
practice. It is established that the introduction of the formulation process for the
production of biscuits products is economically feasible. The new technology will be

applied to the food industry.



20

Keywords: bean dregs, soluble dietary fiber (SDF), quality improvement, flour
confectionery, sensory evaluation, wheat flour, technology, parameters, rheological
properties, recipe, calcium compounds, concentration, physicochemical parameters,

technological characteristics, drying.
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INTRODUCTION

Relevance of the topic

SDF has a potential “prebiotic” label, it has attracted increasing interest in
recent years, as many studies have revealed. SDF might be involved in disease
prevention and health promotive activities, including antagonistic glucagon,

improving blood sugar and insulin sensitivity in nondiabetic and diabetic individuals,
inhibiting the absorption of glucose in the small intestine, and reducing postprandial

blood sugar. Bean dregs are by-products from the processing of tofu or soy milk and
consist of 50-60% total dietary fiber (TDF) and 20-30% protein. In addition, bean
dregs are rich in minerals and are a good source of isoflavones.

Research results the bean dregs are characterized by poor taste, perishability,
and low soluble fiber, and contain certain anti-nutrient factors-trypsin inhibitors, and
most of them are used as feed or discarded as waste disposal. At present, there are
some chemical, physical and physical-chemical methods for improving the quality of
the bean dregs. But, as far as we know, ultrafine grinding technology combination
with other physical techniques has not been treated in bean dregs, and its application
in baked food.

For the improvement of bean dregs caused by poor taste, perishability, and low
soluble fiber, perspective is to application of combined methods may be the
development trend, increase its SDF content in food products as application of
combined methods, and explore novel combinations to modify the functional
characteristics of bean dregs and its application in biscuits.

Research of the problem of SDF deficiency in bean dregs and the development
of directions of its improvement, in particular by creating new technologies with high
SDF content, and the physicochemical properties were improved, thereby making it
more suitable for use in functional foods, devoted to numerous works of domestic and
foreign scientists: Y. Chen, Y. Jing, B. Li, |. Mateos-Aparicio, S. Tsubaki, G. Fayaz,
M. Wennberg, E. Pérez-Lopez, N.N. Rosa, K.X. Zhu and others. However, the
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problem of SDF deficiency in nutrition requires further study and improvement by
individual technologies or combinations of technologies, which makes it expedient to
carry out further research aimed at improving the nutrition of modern man.

Creation of bakery product with adequate to physiological needs consumers
with a set of essental macro-food and micro-food substances and specified functional
and technological properties is one of the ways to improve the nutrition of the types
of food. The types of such products containing in raw materials of soybean by-product
and wheat flour.

Selectivity of joint use of physical technology in the treated of bean dregs is
determined by the improvement of SDF content, as well as protein content, mineral
content,  trypsin inhibitor  content, processing performance  and
physicochemical property in order to assess the effects of changes of bean dregs
realized with different physical treatments.

Physical methods have the advantages of short processing times, ease in
processing, low cost and high safety, and they do not require the use of solvents, so
they have good prospects for development and application. A combined method may
have greater effects than any single approach in improving the quality of bean dregs.
Currently, the application of combined methods may be the development trend.

Thus, a promising direction is the development of multiple physical technology
combined used in bean dregs to physiological needs consumers and specified
functional and technological properties, on the based on the combination of bean
dregs after processing, and wheat flour make two types of baked goods with different
textures: crisp biscuits and hard biscuits therefore Theme: "Improving the quality of
bean dregs by physical methods during its use in bakery technology " is relevant.

Connection of work with scientific programs, plans, topics.

Work carried out in accordance with the main directions of scientific research
the food departments of Sumy National Agrarian University, Henan Institute of
Science and Technology and scientific research of the Poltava State Agrarian
University on the state budget topic "Innovative and resource-saving technologies of
food production” (No. SR 0115U006745).
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The purpose and objectives of the study

The purpose of the dissertation work is scientific substantiation and
development of the bean dregs using physical technology. The obtained results
contribute to enhance SDF content, reduce anti-nutrition factors, and expand
development and utilization of bean dregs, which constitute the basis for its
application in baked food and the food industry. To achieve the main goal, it was
necessary to solve a number of interrelated tasks:

— analyze literary sources in accordance more methods for increasing SDF
content and improving the physical-chemical of bean dregs have been reported,
including chemical, fermentation, enzymatic and physical methods;

— to analyze the advantages and disadvantages of different methods, it shows
that the physical methods have the advantages of short processing times, ease in
processing, low cost and high safety, and they do not require the use of solvents, so
they have good prospects for development and application;

— to project a series of physical processing technologies were designed to
modification the bean dregs, including single technology ultrafine grinding (U), high
pressure (HP), microwave irradiation (M), high temperature cooking (HTC) and
combination technologies (U-HP, U-M, U-HTC) with various parameters were used
to treat bean dregs to characterize the nutritional and functional characteristics of bean
dregs more systematically;

—evaluation of the nutritional and functional characteristics of bean dregs based
on various physical techniques, select an efficient and reliable combination
technology for the development of biscuit products.

— determine the content of SDF in bean dregs, single factor tests were carried
out under different technical conditions to determine the optimal technical parameters;

— determine the technical parameters with the highest SDF content under single
technology (U, HP, M, HTC) and combined technology (U-HP, U-M, U-HTC);

— To evaluate the changes of nutrient composition and physicochemical

properties of bean dregs under certain technical parameters;
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— To determine a better processing technology, processing bean dregs for the
preparation of crisp biscuits and hard biscuits;

— to optimum amount of bean dregs in different biscuits was evaluated by
measuring indexes of dough and biscuits, and the technology was optimized;

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

Object research — Bean dregs: Wet bean dregs were obtained at local market
(Fresh okra has high moisture content, bad taste and mouth feel, and is difficult
to store). Bean dregs with high SDF are produced for the production of biscuits by
combination technology.

Subject of research — is the effects of different physical technology on
compositions and characteristics of bean dregs; effect of ultrafine grinding technology
combined with high-pressure, microwave and high-temperature cooking technology
on the physicochemical properties of bean dregs; effect of bean dregs powder treated
by U-M on dough properties and quality of crisp biscuits; effect of bean dregs
powder treated by U-M on dough properties and quality of hard biscuits.

Research methods — standard physicochemical, reological, organoleptic,
experiment planning methods and mathematical processing of experimental data
computer programs.

Scientific novelty of the obtained results

Bean dregs under physical technology treatment is a good source of soluble
dietary fiber;

Nutritional and functional compositions in bean dregs under different physical
technology were detailly analyzed,;

Combined treatments are the appropriate methods for improving bean dregs.

Scientific rationale for new technologies of the biscuit functional purpose with
addition of flour from waste of soy processing processed by U-M treatment.

First:

— the content of SDF in bean dregs was determined by single factor test under

different techniques;
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— the influence of physical technology on the change of indicators of nutritional
and functional compositions, determined to assess the effects of changes of bean dregs
realized with different physical treatments;

— U treatment combined with HP, M, HTC technologies enhanced nutritional
quality;

—scientifically based and optimized parameters determine efficient and reliable
combination technology;

— the obtained results contribute to enhance SDF content, reduce anti-
nutrition factors, and expand development and utilization of bean dregs, which
constitute the basis for its application in baked food;

—scientifically based technologies of crisp biscuits and crisp biscuits with using
the bean dregs by U-M treatment.

Practical significance of the results.

Based on the results of theoretical and experimental studies developed by the
U-M treatment technology of bean dregs for making biscuits.

Writing and approval of various technological documents for developed
products.

Use in the educational process in preparing students, lecturing, writing teaching
materials and textbooks.

This work was financed by Central government guiding local scientific and
technological development projects (No. 2021), the Program of Xinxiang Major
Scientific and Technological Project (No. ZD2020003); and Science and Technology
Projects in Henan Province (grant number 19A550007). The work was carried out for
the period from 2018 to 2019 at the food departments of Sumy National Agrarian
University, and the period from 2019 to 2021 at the food department of Henan
Institute of Science and Technology.

The 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, development
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and approval of normative documentation, introduction of new technologies into
production.

Publication. Based on the results of the dissertation, 6 articles were published
in scientific journals. 2 articles - in scientific publications included in the List of
scientific professional publications Scopus Q1, which, taking into account the
Procedure for awarding the degree of Doctor of Philosophy are counted as 4 articles;
4 articles in scientific publications included in the List of scientific professional
publications Web of Science Core Collection - Ukrainian scientific journal of
category A.

Structure and scope of the dissertation. The dissertation is set out on 172
pages of computer text. The dissertation consists of an annotation, introduction, 5
sections, conclusions, the list of references includes the name of 201 sources. The
main body of the dissertation is 147 pages of printed text. The work is illustrated with
19 tables, 27 figures.
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SECTION 1
REVIEW OF STUDIES ON INCREASING THE QUALITY OF BEAN
DREGS BY PHYSICAL METHODS WHEN USING THEM IN COOKIES
TECHNOLOGIES

This review compiles the research carried out on functional characteristics and
utilization of bean dregs in baked goods (bread, cake and biscuit). The effects of
physical techniques on quality improvement of bean dregs were reviewed. In this
review, we aim to highlight physical methods impact on bean dregs and baked goods
are emphasized, as well as the effects of physical techniques on anti-nutrition factors.
Further research should focus on technological innovations to develop high quality

raw materials from soybean by-products to improve the quality of baked foods.

1.1 Dietary fiber

Physiological functions of dietary fiber

Dietary fiber is the general term of the carbohydrates that are not easy or cannot
be decomposed and digested by digestive enzymes and absorbed of human intestinal
tracts after being ingested by human, including cellulose, hemicellulose, lignin, pectin,
mucus, gum, B-glucan, arabinoxylan and so on. It was resistant to digestion and
adsorption in the human small intestine and can be fully or partially fermented in the
large intestine (Al-Sheraji et al., 2011; Sangnark & Noomhorm, 2003). With the
development of society and the continuous improvement of human living standards,
people had less intake of dietary fiber, and food nutrition has not been properly
matched. In the long run, it will cause diseases such as diabetes and obesity. Dietary
fiber intake requirements (25 g for women and 38g men every day) (Weickert &
Pfeiffer, 2018). Dietary fiber can affect the ecology of human intestinal
microorganisms, promote intestinal peristalsis, increase satiety, lower blood glucose
levels, and also has the effect of losing weight (Huang, Qian & Yun, 2016; Psichas et
al., 2015). The presence of dietary fiber may change the gelatinization temperature,

molecular structure and crystallite structure of the starch, thereby further affect the
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digestive properties of the food. Daily intake of dietary fiber can reduce hunger,
prolong food intake, and control cholesterol intake (Chen, Chen, Wang, Qin, & Bali,
2017). Dietary fiber can effectively inhibit the growth of harmful bacteria, promote
the proliferation of beneficial bacteria, regulate the balance function of intestinal flora,
and protect colonic health (Holscher, 2017). With the development of nutrition and
related disciplines, more and more studies had found that dietary fiber plays a very
important role in human health. It was an indispensable nutrient for human healthy
diet, especially in the health of the digestive tract. Comprehensively, dietary fiber has
physiological functions, such as lower blood fat and blood sugar, improve the
intestinal environment, and control body weight (Chutkan, Fahey, Wrigh & McRorie,
2012; Mehta, Ahlawat, Sharma & Dabur, 2015). The bean dregs dietary fiber was
mainly composed of cellulose, hemicellulose (dry weight content 40~60 g/100 g) and
lignin. Dietary fiber includes soluble and insoluble dietary fiber. Soluble dietary fiber
(SDF) has high viscosity and strong water holding capacity. It can be used by
intestinal microorganisms and slow down the digestion rate. Soluble dietary fiber
consists of naturally formed gels or viscous fibers such as hemicellulose, seaweed
polysaccharides, guar gum, pectin, et al (Anson et al., 2012). SDF has attracted
increasing interest in recent years, as many studies have revealed. SDF might be
involved in disease prevention and health promotive activities, including antagonistic
glucagon (Olli et al., 2015), improving blood sugar and insulin sensitivity in
nondiabetic and diabetic individuals (Anderson et al., 2009), inhibiting the absorption
of glucose in the small intestine (Repin et al., 2017) and reducing postprandial blood
sugar (Yu, Ke, Li, Zhang, & Fang, 2014). Therefore, SDF has a potential “prebiotic”
label. Insoluble dietary fiber cellulose mainly contains cellulose and hemicellulose,
which can promote gastrointestinal motility, accelerate food absorption through the
gastrointestinal tract, reduce energy absorption, and clean the digestive wall, dilute
carcinogens in food, and accelerate the migration of toxic metabolites (Elleuch et al.,
2011; Gajula, Alavi, Adhikari, & Herald, 2008). In addition, it is good for intestinal

health and prevention of colon cancer.
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There are a lot of foods containing dietary fiber, such as grains, vegetables,
fruits, tea and other processed of scraps, and many wastes from food factory also
containing large amount of dietary fiber, such as wheat bran, rice bran, yam skin,
dragon skin, navel orange peel, tea stems and so on. Add dietary fiber to cereal
products, not only can increase nutrition, prevents disease, but also improve the
viscosity, texture, sensory properties of the product, and extend the shelf life of the
food. Therefore, recycling and reusing waste resources not only enriches food types,
but also increases the added value of products, which is of great practical significance.

Application of different types of fibers in bakery products

Different types of fibers were used in baked products to effectively improve the
viscosity, texture, and sensory properties of the product, while reduced the heat of the
product (Brownlee, Chater, Pearson & Wilcox, 2017; Vitali, Dragojevi, & Sebeti¢,
20009). It increases the nutrition and flavor of the product and better meets the
consumer’s demand for high dietary fiber food. Microwave reaction technology is
combined with ultrafine grinding was used to separate the dietary fiber from the
cardamom, and used in the production and development of biscuits. The results
showed that the hardness of the biscuit product improved with the increase of
cardamom dietary fiber content. Addition of 10% cardamom dietary fiber was used
instead of wheat flour. The biscuit has anti-free radical properties, and was 6 times
higher than that of the control group. Above 7.5% cardamom dietary fiber addition,
the nutritional and quality properties of the biscuit improved (Aboshora et al., 2019).
Used jet mill to treat barley and rye flour for biscuit production, the composite flour
was softer than the commercial flour, the color was darker, and the total phenolic
content and antioxidant activity were higher, and barley flour was increased in
hardness compared to biscuits made from whole wheat flour. Rye flour was darker in
color, so the biscuits were darker in color (Drakos, Andrioti-Petropoulou, Evageliou
& Mandala, 2019). Used bean powder and soy protein powder to make biscuits.
Soybean protein powder has a higher protein content of 9.42% compared with that of
wheat flour. The addition of soybean powder improved the nutritional quality of

biscuits, and further increases the sensory score of biscuits (Dreher & Patek, 1984).
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By optimizing the formulation of the biscuits, the resistant starch 14%, sodium
caseinate 14.51%, raftilose 25%, and simplesse 25.02%, a low-sugar, lowfat
"functional™ biscuit was developed. Add to sodium caseinate can increase the
hardness of the biscuit dough, and the thickness of the biscuit was positively
correlated with the texture (Gallagher, O'Brien, Scannell, & Arendt, 2003).

When making biscuits, by adding different types of dietary fiber, the sensory
properties of the product can be improved, and the calories of the biscuits can be
reduced, thereby becomes a functional food that is beneficial to the human body. For
the addition of fiber, although the nutritional value of the product is improved,
whether the taste and texture of the biscuits meet the needs of consumers, and whether
the cost is accepted by the producer, we need to do further research. There are many
foods contained fiber. The bean dregs were wastes in soybean processed. The bean
dregs were mostly used in feed mills or discarded, which caused waste of resources.
In order to further increase the added value of products, a large number of studies
have proved that bean dregs highly utilized in food, and mostly used for the
development of flour products. In recent years, many varieties of bean dregs have
been developed, such as taro, bread, biscuits, cakes, noodles, etc. The addition of bean
dregs complements the nutritional value of the products, and increased the overall
acceptability of the product. And bean dregs Not only develops new varieties, but also

a new market has been developed.

1.2 Application of bean dregs in bakery products

With the development of the food industry, the availability of bean dregs has
been gradually developed, and commonly used in baked goods (cakes, bread, biscuits).
Addition the bean dregs in the flour and adds the correspond ingredients to make the
bean dregs biscuits, it not only improved the flavor of the traditional biscuits, but also
provided a new type of healthy food for consumers. A large number of literature
studied has shown that the addition of bean dregs to flour. It can improve the nutrition
and flavor of biscuits, and provided a new method for the utilization of soybean food
(Yang, Nie & Lin, 2013; Chen, 2013).
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Application of bean dregs in bread and cakes

Bean dregs can be used in a variety of Wester-styles baked goods, it not only
to provide natural fiber and protein, but also to provide a unique fragile texture for
bread, muffins, donuts, brownies, marshmallows, etc (Shurtleff & Aoyagi, 1978). The
bean dregs bread was made from the bean dregs and the flour, assess the sensory,
texture, and flavor of bread products. With the increased of the amount of bean dregs,
the bean flavor of the bread was more intense. The hardness was gradually increased,
and the internal texture was superior to ordinary bread. Above 10% level bean dregs
powder, the bread was soft, with aroma, and the highest quality score. However,
hardness, cohesiveness and occlusion of the bean dregs bread were higher, and the
elasticity was lower, which provided a reference for the improvement of the bean
dregs bread (Yang & Chen, 2016). The used of bean dregs and grain rice to mix and
make puffed biscuits, the rice cake made by mixing the ratio of bean dregs, and rice
flour to 7:3 was most popular among the public. The addition of bean dregs was
related to moisture and hardness, and the heating temperature and time were affected
specific area of rice cake. The higher the content of bean dregs, the greater the
hardness, the smaller the specific volume area and the lower the integrity. The bean
dregs fiber was combined with rice flour, increased the adhesion strength between the
particles and the toughness of the biscuit. With the increased of the amount of bean
dregs, the L* value and the a* value of the product gradually decreased, and the b*
values increased significantly (Xie, Huff, Hsieh & Mustapha, 2008). Make a new type
of cake product, used eggs, flour, sugar, bean dregs and peanut dregs as raw materials.
Among them, flour: peanut residue: bean dregs were (1:1:3), The finished cake was
complete in shape, attractive in color and aroma, and the finished product is soft and
elastic. The pores were evenly distributed and the flavor was outstanding. The total
dietary fiber content was 3.1%, and better than traditional cake. Nevertheless, there is
a fishy smell in bean dregs or peanut dregs, how to use a certain technology to
effectively remove, and still need to be further research (\Wang & Liu, 2015). The
mixture of bean dregs and rice flour is used to make glute-free layered cakes. The

addition of bean dregs has a great impact on the cake batter and the product. When
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the substitution percentage of rice four by bean dregs increased the decrease in cake
volume is observed, giving rise to harder and less cohesive cakes. When addition 10%
of the bean dregs flour can improve the quality and nutrition of the cake (Ostermann-
Porcel, Rinaldoni, Campderros & Gomez, 2020). When making bean dregs bread,
based on wet bean dregs, sugar, yeast, butter, the dough was analyzed and the bread
was sensory evaluated. In the test of dough, the decisive indicators were hardness,
elasticity and chew ability. The sensory evaluation of bread was related to the dough,
and chew ability does not have much effect on dough quality (Zhao et al., 2016).
When making bean dregs bread, added 8% bean dregs can increase the water
absorption properties of bread flour, and improve the stretching properties of the
dough. Addition of bean dregs increased the hardness and chew ability of bread, and
delays the aging rate of bread (Meng, Liu, Li, Zhang & Xie, 2017). The soybean cake
was fermented in stages, which shorten the fermentation process. As the increased of
fermentation time, the hardness of the bean dregs cakes increased significantly, and
the elasticity, cohesiveness and resilience decreased significantly. The surface of bean
dregs cake had obvious changes, the inside of the product occurred uniform air holes,
and organization more uniform (Yao, Pan, Wang & Xu, 2010).

A large number of literature have shown that bean dregs were added to bread
can increase the nutritional value of the product, improve the flavor and volume of
the product, and also have the effect of delaying aging. However, due to the strong
water absorption of the bean dregs, a large amount of the addition will increase the
hardness of the product, and the elasticity, cohesiveness and recovery were reduced,
thereby affecting the taste of the product. These studies can provide more reference
for the improvement of the bean dregs bread. Soybeans have a certain taste of soybean
meal, and directly affect the taste quality of the product. The reason was that the
oxidization of fat oxidase in soybean causes the oil to oxidize, thereby produce the
taste of soybean meal. Bean curd in the bean dregs also exists, and whether it will
affect the flavor of the product and other series of problems, and it should be paid
close attention.

Application of bean dregs in biscuits
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Biscuits as a widely consumed product in the world, it has rich nutritional value
and become an indispensable snack food (Akubor, 2003; Hooda & Jood, 2005).
Biscuits are baked goods with lower water activity than bread. Biscuits usually made
from wheat flour, eggs, sugar, salt, oil and water (Manley, 1998). Biscuits play an
important role in the baked industry, the main factors affected the quality of biscuits
was the texture, taste and appearance of biscuits. Improve the nutritional content of
cookies and being accepted by consumers is the most important aspect (Skrbi¢ &
Cvejanov, 2011; Torbica, Hadnadev & Hadnadev, 2012). The word “biscuit” comes
from France, it means r-baked bread, the earliest biscuits were baked from bread. The
biscuits were mainly divided into tough biscuits, crisp biscuits and fermented biscuits
on the market in China. The crispy biscuits were made of lo-gluten wheat flour as the
main raw material, with more oil and sugar, and the taste was crisp. The dough of the
plastic biscuit lacks elongation and elasticity, it has good plasticity, the biscuit is
crispy and sweet, it is a highly acceptable biscuit variety. The tough biscuits are a
kind of biscuit with less sugar and fat, it is composed of wheat flour, sugar (or suga-
free) and oil as the main raw materials, and added leavening agent, modifier, and other
auxiliary materials. After the process of powdering, rolling, forming, baking. The
surface of the biscuit had many patterns, the appearance was smooth and flat, there
was even pores, the section was layered, and the taste was crisp. Biscuits have become
a kind of snack food instead of people's lives, because of different tastes and textures,
it was suitable for all the people. With the improvement of living standards, a new
generation of mea-making biscuits on the market, which can control calories, it is the
main ingredient for obese patients to lose weight. Bean dregs have rich in dietary fiber,
among them, insoluble dietary fiber content is high. However, the taste of the bean
dregs is not easy to be accepted by the public. Therefore, the development of
functional food has been done by researchers.

Mix fresh bean dregs with starch, soy flour, and hydroxypropyl methylcellulose
to make biscuits. Among them, the highest water retention of the dough with
hydroxypropyl methylcellulose was 147.8%. Bean dregs dough has the lowest
elasticity, followed by soya flour dough. Soy flour crackers and hydroxypropyl
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methylcellulose crackers were harder during storage. Bean biscuits were crispy and
chewy. However, fresh bean dregs may produce a fishy smell and may affect the shelf
life of the finished product (Park, Choi & Kim, 2015). The amount of bean dregs
added directly affects the performance of the biscuit dough, and the taste of the
finished product, on the basis of adjusting the amount of oil, sugar and water added,
the maximum amount of the bean dregs powder was 40%. The greater the amount of
bean dregs added, will affect the formation of biscuits, but it may require the addition
of more grease (\Wu, Shang, Li & He, 2006). The bean dregs were rich in dietary fiber,
and the bean dregs were retreated with ultrafine grinding used to make cookies. With
butter, bean dregs powder, sugar powder and baking process as a single factor,
through orthogonal experiments, determine the best process recipe for making bean
dregs biscuits: flour 864 g, bean dregs powder 180 g, 300g sugar powder, 750 g butter,
baking temperature was 180 °C, bottom fire 160 °C, baked time 12 min. Under this
formula, the biscuit has golden color and the shape to keep good, crispy taste and rich
bean flavor. There were more bean dregs added, which was a kind of high-fiber snack
food, it suitable for most consumers, and included special people, it can improve
human health to a certain extent (Huang, Yang & University, 2015). The use of
ultrafine powdered bean dregs to produce sugar-free bean dregs biscuits, and the
quality of the products from the shape, texture, taste, aroma and color of the biscuits
to determine the best process conditions for making biscuits: baked temperature
160 °C, baked time 10 min, the bean dregs addition amount was 30%, the oil: sugar
mass ratio was 1.0:1.5, the oil and sugar: the optimal ratio of the bean dregs flour was
1.0: 2.0, and the ratio of baking soda to ammonium bicarbonate was 2:1. It is shown
that the addition of bean dregs can increase the content of wet gluten in the flour.
When the amount of bean dregs added was less than 7.5%. The rheological properties
of the dough were good, which was beneficial to the formation of biscuits (Chen,
2013). Untreated bean dregs were directly added to wheat flour for the development
of crisp biscuits, the best optimized formula was obtained: bean dregs: Wheat flour
were 3:7, butter was added in 30% of powder, and sugar was added in 20% of powder,

baked temperature: 200 °C on fire and 180 °C under fire, the biscuit has a complete
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structure, uniform color and crispy taste, it has rich aroma of bean dregs and good
quality (Qiu & Yuan, 2018). But whether biscuits produced with wet bean dregs will
reduce the shelf life of the biscuits, and whether the taste was better than the biscuits
made from dried bean dregs. The addition of wet bean dregs will cause ant-nutritional
factors in the biscuits, which were not conducive to the health of the human body. In
addition to this, added to the bean dregs were not pulverized, which may affect the
taste. The use of black bean dregs to make biscuits have a significant effect on the
water holding capacity, texture, and senses of ordinary bean dregs. When the added
amount is 40%, the hardness of the biscuit is the largest. It may be that the dietary
fiber in the black bean dregs and the gluten contents in the dough are diluted, which
affects the formation of the gluten network, which causes the biscuits to dry out and
increase their hardness. Using headspace soli-phase microextraction gas
chromatograph-mass spectrometry, the flavor content of 30% black bean dregs
cookies is richer, dietary fiber (58.8+0.481) g/100 g, protein content is (23.8+0.175)
g/100 g, fat content It was (8.08+0.121) g/100 g, the amino acid nitrogen content was
(0.132+0.012) g/100 g, and the ash content was (3.56+0.078) g/100 g (Lietal., 2017).

Bean dregs biscuits were made with bean dregs powder, fat, white sugar, and
skimmed milk powder as single factors. Through orthogonal tests, sensory evaluation
and hardness were the main evaluation indicators. The results showed that the
hardness of the biscuit gradually decreased with the increased of the amount of bean
dregs, and the hardness was the highest when the additional amount was 20%. The
final formula was: flour 88%, bean dregs powder 12%, skim milk powder 20%, fat
was 45%, white sugar 40%, egg liquid 35%, baking soda 0.6%, salt 0.6%, the biscuits
were golden in color, it has crisp, sweet and milky aroma, it has a certain health effect
on the human body (Guo, Mu, Jie & Guo, 2015). Bean dregs and cassava flour are
mixed to produce glute-free biscuits, and inulin is used instead of sugar. Studies have
shown that with the increase of bean dregs, the hardness of biscuits increases, color
L* value decreases, and the color becomes darker. Using sensory evaluation as the
main index, and adding 30% of bean dregs. The quality of the produced biscuits is

good. Research under a light microscope revealed no abnormalities in the cookies.
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The protein and fiber contented of the biscuits has been increased and is welcomed
by customers (Ostermann-Porcel, Quiroga-Panelo, Rinaldoni & Campderroés, 2017).
The addition of the bean dregs, rice bran and broken rice in glute-free sweet biscuits
Is conducive to improving the stability of biscuits. The experimental sweet biscuits
had characteristics of color, weight, volume and diameters (internal and external) very
similar to the commercial, whereas texture, lipids and energy value decreased, and
water activity, moisture and protein increased during storage. The sweet biscuits
showed the same stability when compared to the standard. Thus, the bean dregs, rice
bran and broken rice were considered viable alternatives for the development of new
products (Tavares et al., 2016). Bean dregs flour have great potential for application
in confectionery products. The formulation of the molded sweet biscuit in which 30 %
of the wheat flour was substituted by bean dregs flour was considered adequate. The
color, flavor and overall quality of the molded sweet biscuit did not differ significantly
from those of the standard biscuits (Grizotto, Rufi, Yamada, & Vicente, 2010).
Researchers have studied the recipe of biscuits, the combination of bean dregs
and other powders to make biscuits, it can effectively improve the taste of the product
and attractive color. The amount of bean dregs added varies depending on the powder
used to carry out the biscuits. For biscuits, the proportion of dietary fiber added to the
bean dregs can be increased, because the biscuits have lower requirements for gluten
content. However, the sensory evaluation of biscuits has a considerable subjectivity,
and different scholars have different opinions on the amount of bean dregs added in
biscuits. After the bean dregs were mixed with the flour, the hardness of the product
was much increased, and the amount of the bean dregs added was only 10% or less.
The combination of bean dregs and starch, bean dregs can be added up to 30%, and
will produce a certain degree of brittleness, if it exceeds a certain amount, it may
affect the edible taste of the biscuit. There were a wide variety of biscuits, but the
above researchers have studied more in bean dregs biscuits, while the research on
tough biscuits was relatively rare, especially making recipes for biscuits, most recipes
contain more fats and sugars. Although the bean dregs biscuits increased the

nutritional needs of human beings to a certain extent, but for special people, whether
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it can be eaten normally, such a problem deserves our continued discussion. For
example, using a certain processing method to treat the bean dregs for the addition of
baked goods, so as to develop a functional biscuit suitable for all people to eat, low
sugar, low fat, it is a huge challenge currently facing. At the same time, we must
control the production process or use some new and improved technologies. In this
way, functional food with high quality and nutrition can be obtained. Despite the fact
that there are more and more researches on bean dregs, but in the face of existing
defects, food workers need to continue to explore, and still require a lot of research
work.

Application of bean dregs in other food

Bean dregs are not only used in baked goods, but also in steamed bread, noodles,
dumpling skins and beverages.

Addition bean dregs the water absorption, silty index, formation time and
stability time of dough increased and prolong the shelf life of steamed bread (Song,
Hou, Zhang & Zhao, 2014). Added to wheat flour at the bean dregs powder of 0, 5,
10, 15 and 20 g/100 g used to make Chinese steamed bread. The results of the present
study suggested that increased amount of bean dregs powder led to a significant
increase in hardness, gumminess, chewiness and adhesiveness in dough and Chinese
steamed bread (Cui, Cui, Ma, Zhang & Zhang, 2014). The ultrafine grinding
technology was used to treated bean dregs, and mix flour to make traditional Chinese
steamed bread. The quality of steamed bun was the best when the added amount of
bean dregs was 13% (Zhang, Cui & Qi, 2009). Replacing part wheat flour with bean
dregs powder to make noodle and steamed bread. Addition to 25% and 15% of bean
dregs powder mix with flour to make noodles and steamed bread respectively.
Researches show that the noodle and steamed bread had almost similar qualities to
those made from 100% wheat flour (Lu, Cui, Liu, & Li, 2013). Bean dregs may
improve rheological properties of silty clay and stretch in certain scope. Addition 16%
of bean dregs can improve the rheological characteristics of the flour, and bean dregs
noodles reaching the optimum conditions (Song, Li, & Geng, 2011). In addition to,

taking bean dregs as raw material, different fungal fermented was used to make bean
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dregs sauce (Zhao et al., 2015) and white soy sauce (Yoshida, Takeuchi & Yoshili,
2010).

At present, the bean dregs have been widely used in food, and made a great
contribution to the food industry. Domestic and foreign scholars on the research of
the bean dregs has not only is still in the primary stage, many researchers use special
technology to improve the quality of the bean dregs, applied to food to improve

product quality.

1.3 Application of physical technology in food

High pressure

High pressure technology refers to the sealing of food materials in an elastic
container or pressure-resistant device system. The pressure conditions are generally
(100-700 MPa), it often used water or other fluid medium as a medium to achieve
sterilization, and change materials, the purpose of physical and chemical properties.
High pressure as a good no thermal processed technology, it can ensure the safety of
food, reduce the process degree of food, and maintain the original flavor of food
(Norton & Sun, 2008). High pressure can modify or denature macromolecules (such
as starch, protein, etc.) by destroying secondary bonds in macromolecular substances,
and small molecules composed of covalent bonds of vitamins, minerals, aroma
components and pigments of substance has no significant effect. High pressure
technology is commonly used in food processing, and the most mature application is
fruit and vegetable processing. For example, used in high pressure technology for the
production, sterilization and preservation of fruit and vegetables, jams and juices.
High pressure technology also applies to the processing of meat products and aquatic
products. For instance, pressure processing shellfish food can not only increase the
safety and shelf life of raw meat, but also maintain the fresh taste of shellfish. At the
same time, thle removal of shellfish after high pressure treatment is more convenient.
However, high pressure is increasingly used in the processing of food products, such
as cereal crops, potato crops and legume crops. At present, the application of high

pressure technology in the processing of food products is mainly the modification of
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starch and protein, such as changing the viscosity and transparency of food, and also
relates to the physical and chemical properties relates to food flavor and nutritional
value.

As early as 1990, Japan used high pressure treatment products for the first time.
Ten years ago in Europe, high pressure processing food were already in the stage of
research or trial production, and the label of “new food” was spread throughout
Europe (Fonberg-Broczek et al., 2005). High pressure processing has become a
technology with potential use for these purposes. Its main advantages are short
processing time, uniform effect, good instantaneity (Mujica-Paz, VValdez-Fragoso,
Samson, Welti-Chanes & Torres, 2011). The compare with other technologies, such
as heat treatment and pasteurization, these techniques fail to maintain the original
color, taste and nutrition of the raw materials. While high pressure processing
maintains the sensory attributes and nutritional value of the product (Barba, Esteve &
Frigola, 2013; Viljanen, Lille, Heini6 & Buchert, 2011; Chaikham &
Apichartsrangkoon, 2012). High pressure processing has become a commercially
viable food manufacturing tool. In food processing and preservation applications, the
importance of in-situ engineering and thermodynamic properties of food and
packaging materials in process design was emphasized (Balasubramaniam, Martinez-
Monteagudo & Gupta, 2015). In recent years, high pressure has become a new tool
for improving gluten-free food, which has changed the properties of food, such as
protein and starch (Barba, Terefe, Buckow, Knorr & Orlien, 2015).

Using high pressure technology to process sugar cookies, research shows that
high pressure technology reduces the number of mesophilic bacteria, yeast, and mold
microorganisms in the product. After high pressure treatment, the shelf life of biscuit
dough is expanded, with a higher density. In the baking process, the maturation time
of the biscuit is shortened, compared with untreated dough. Dough processed under
high pressure technology corresponds to the biscuit produced, with a darker color,
and the dough surface is smooth and uniform. There are even cracks on the surface of
the biscuit, but it will not significantly influence the quality characteristics of the
biscuit (Aguirre, Karwe & Borneo, 2018). The cake batter is treated with high
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pressure technology. When the high pressure condition is 300—600 MPa, the duration
Is 3-6 min. Cake paste was measured for microbial flora, density, microstructure and
rheology, and the cake was analyzed for specific volume, weight loss, color and
texture. The results showed that compared with the untreated ones, the number of
molds and yeast decreased with increasing pressure. The density of the batter
increases, the cake volume decreases, the surface color deepens, and the hardness
increases (Barcenilla, Roman, Martinez, Martinez & Gomez, 2016). Corn starch and
rice flour are respectively subjected to high pressure treatment for bread production.
Set the high pressure condition to 600 MPa, 40 °C, 5 min. The results demonstrate
that high pressure treatment can effectively slow down the aging speed of bread,
extend the shelf life, and improve bread quality. Therefore, corn starch and rice flour
under pressure treatment can increase the shelf life and quality of gluten-free bread
(Cappa, Barbosa-Canovas, Lucisano & Mariotti, 2016). Sorghum flour is treated
under high pressure for the production and processing of bread. When the pressure
conditions at 200—600 MPa, 20 °C, and observe the rheological properties of the batter.
When the pressure at 300 MPa, the batter structure weakens. When the pressure is
higher than 300 MPa, the batter consistency increases. At 600 MPa, processing 2%
sorghum flour can delay the aging of bread. Adding 10% sorghum flour, the exact
volume of the bread is small, and the product quality is poor. Therefore, under
appropriate pressure conditions, the amount of sorghum flour should be controlled
(Vallons, Ryan, Koehler & Arendt, 2010).

High pressure technology has made a great contribution to grain products,
changing the performance of grain and improving product quality. Cereals undergo
high pressure treatment, which can effectively reduce the amount of microorganisms
in food and extend the shelf life of food. After the batter is treated with high pressure,
it can effectively improve the rheological properties, the structure of the batter is
enhanced, and the color of the product can be increased. But as the pressure increases,
the hardness of the dough will gradually increase. On the basis of improving the
product, the quality of the product is not covered, so the pressure conditions

corresponding to different products are different. Studies have revealed that the high
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hydrostatic pressure treatment in the heat rheology of batter, with the increased of
pressure level, induced gelation of starch content. High pressure treatment at 450 MPa
and 600 MPa, 25 °C for 15 min, the concentration of gouache paste was (1:5), gelation
was completed, the higher concentration of slurry requires higher pressure .

temperature or longer holding time (Alvarez, Fuentes, Olivares & Canet, 2014). High
pressure treatment significantly increases dough hardness and adhesion and reduces
stickiness. When making bread, use a scanning electron microscope to observe the
cut surface of the bread. Under pressure at 0-200 MPa, as the pressure increases, the
pores become larger and larger, the protein is affected when the pressure level is
higher than 50 MPa, and the starch modification requires a higher pressure level. High
pressure treatment has little change in the color of the dough, but during the baking
process, the color of the breadcrumbs changes dramatically. Studies have shown that
high hydrostatic pressure treatment can obtain grain products of the new type in the
range of 50-200 MPa (Barcenas, Altamirano-Fortoul & Rosell, 2010). Wheat starch
slurry (10% wi/v) was subjected to high hydrostatic pressure treatment at 300, 400,
500, 600 MPa, 20 °C for 30 min. The gelation temperature was lowered, the surface
and internal structure particles of the starch were destroyed, and waxy wheat starch
was effectively modified (Hu, Zhang, Jin, Xu & Chen, 2017). High pressure can
change the secondary structure of SPI, 7S, 11S proteins in nanoemulsion. Enhance
their stability, and can be used as an effective emulsifier (Xu, Mukherjee & Chang,
2018). The gelatinization characteristics of pea starch under high pressure were
investigated. At 0-600 MPa, the initial viscosity increased from 8 cP to 34 cP. High
pressure treatment can promote "cold gelation" of pea starch aqueous dispersion, and
strengthen gelatinization of starch particles. In addition, the shape, size, and particle
size distribution of starch particles is changed (Leite et al., 2017). Antioxidant activity
of buckwheat treated with high pressure was improved. It can also effectively inhibit
the formation of fat. After comparison, this study shows that high pressure treatment
at room temperature has better nutritional value than no-high pressure treatment
(Waliszewski, Pardio & Carreon, 2002). Effects of high pressure and thermal
processing on photochemical, color and microbiological quality of herbal-plant
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infusion. When the high pressure treatment conditions are at 400 or 500 MPa and
25 °C for 15 or 30 min, the natural color of the product can be better retained. The
comparison with pasteurization (90 °C, 1-3 min). These two treatments can
effectively eliminate yeast and E. coli (Chaikham, Worametrachanon &
Apichartsrangkoon, 2014). High pressure technology was used to process potato
starch, and it for cycles of 6, at 400 MPa, showing higher peak viscosity and
attenuation value. For cycles of 3, the peak time and final viscosity was higher than
those of the natural control sample. This shows that the treatment under high pressure
has a significant effect on the sample. This study can be used to prepare food for slow
digestion and hypoglycemia (Colussi et al., 2018). High pressure treatment can
enhance the mixing properties of lo-grade wheat flour in food applications.

When the high pressure conditions are at 500 and 600 MPa, the flour moisture
Is controlled at 56%, and the starch particles are combined with protein aggregation,
which causes the protein network in the dough to break. When the moisture content
Is 33%, the structure of the dough is promoted, the formation of a protein network
and the strength of the dough are increased. At 500 or 600 MPa for 5 min, the protein
structure is modified and the starch granules remain intact (Mccann, Leder, Buckow
& Day, 2013). Taro, carrot and sweet potato are processed under high pressure at 600
MPa for 5-30 min. The results showed that high pressure treatment caused certain
physical damage to the three vegetable structures. It can result in cell wall of
vegetables to rupture, increase the drying speed, and shorten the processing time.
Reduce gelatinization temperature for sweet potato starch. Increased softening and
pre-gelatinization of carrot and sweet potato starch, making it more convenient for
consumers to process (Oliveira et al., 2015). The high pressure was used to modify
the sweet potato residue, and the microstructure of the insoluble dietary fiber of the
sweet potato residue was observed as a loose, smooth, honeycom-shaped porous
network structure. The modified insoluble dietary fiber of sweet potato residues has
a significant effect on the ability to regulate blood sugar, blood lipids, and eliminate
foreign harmful substances. When the modified conditions are at 600 MPa, 15 min,
and 60 °C, it is helpful to adjust the ability of blood glucose and blood lipid; The
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modified conditions can remove external harmful substances at 100 MPa, 10 min, and
42 °C. And this method should also be used to study the modification of cereals such
as bean dregs (Li et al., 2012). After the soybean in the grain is subjected to high
pressure treatment, it can prevent the migration of water in the soybean, make the
moisture distribution in the soybean uniform, and shorten the soaking time for the
production of soybean products. Scanning electron microscopy analysis showed that
the microstructure of soybeans could be changed after high pressure treatment, and it
could help soybeans absorb water. Found by DSC and SDS-PAGE, some proteins of
soybean were denatured during high pressure treatment (Zhang, Ishida & Isobe, 2004).

Most of the above researchers were enriched in the studied of cereal starch,
which has a modification effect on starch slurry, and can destroy the surface and
internal structure particles of starch. The high pressure on the dough can increase the
hardness and reduce the presence of microorganisms. The treatment of buckwheat can
increase the antioxidant activity. High pressure treated grain pressure is controlled at
400-600 MPa for 10-15 min. Treated starch by high pressure can be used to make
hypoglycemic food, high pressure treatment can destroy the structure of the product,
loosen the surface of the raw material, and form a porous structure, thereby shortening
the pretreatment time. However, for high pressure processing of cereals, there is no
specific research areas have been provided. And it currently enriches in basic research.
Therefore, the grain after high pressure treatment needs further excavation in food,
which provides more new ideas for applied research.

Ultrafine grinding

Ultrafine grinding is a mechanical or hydrodynamic method that overcomes the
internal cohesive force of the solid to break it, thereby pulverizing the material
particles of 3 mm or more to 10-25 pum. In the process of ultrafine pulverization, the
bean dregs are modified by friction, extrusion, collision and other forces (Xiang &
Ning, 2006). Based on the principle of micron technology, ultrafine grinding can
make the product fine in size, larger in specific surface area and specific surface
activity; the ultrafine grinding product has excellent physical and chemical properties,

and the utilization rate is improved (Liu & Wang, 2007). Ultrafine grinding can



51

significantly change the structure, and specific surface area of raw materials. it
compared with traditional mechanical processed methods, ultrafine powders can
improve the physicochemical properties of raw materials, for example, it has better
hydration properties and fluidity, stronger free radical scavenging activity, flavor and
mouthfeel. This new technology of superfine grinding has been proven, and used to
prepare ultrafine powders with good properties (O'Toole, 1999). At present, most
countries use ultrafine grinding technology to treat pollen, tea, wheat bran, rice bran,
peel, rice, soybean, beet pulp, animal bone, seaweed, edible fungi and other raw
materials to preserve nutrients and improve taste (Zhang, Zhang & Shrestha, 2005).
At the same time, this technology has contributed greatly to the development of baked
goods and other products.

Used the three different grain sizes of ordinary bean dregs, high-grade ultra-
micro bean dregs powder and low-grade ultra-micro bean dregs powder and prepare
mooncakes with flour, the sensory evaluation, color and texture were used as the
evaluation criteria, the results showed that the ultrafine powdered bean dregs were
better than the moon cake made of ordinary bean dregs powder and formed well, the
texture showed a trend of rise and then decreased. When the bean dregs powder was
added to 20%, it reached the maximum value 13561.81g, as the amount of additional
increased, the finished product darkens and was not easily formed. When the high-
speed ultrafine grinding bean dregs was added at 16%, the finished moon cake was
the best, but if it was necessary to further increased the replacement amount of ultra-
micro bean residue. It can be considered from the point of view of bean dregs
dislocation and edible rubber assisted molding. Thus preparing a wide moon cake of
high dietary fiber (Tao et al., 2017). Ultrafine grinding technology processes wheat
flour and corn flour for bread production. At 9,000, 10,000, and 11,000 rpm, as the
speed increases, the water retention capacity, swelling, water solubility, and
gelatinization of cereal flour are improved. The quality of the product is enhanced,
the volume of bread produced is increased, and the hardness is reduced (Chung, Han,
Lee & Rhee, 2010). The finer wheat bran granules help develop cereal bread with
nutritional value. Studies have found that the amount of bioaccessible phenolic acids
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in whole wheat bread and brown bread is higher than white bread, and the finer bran
particles in bran bread, the higher the biological acceptability of phenolic acid
(Hemery et al, 2010). Both the mixing characteristics of the dough and the quality of
the bread product are affected by the thickness of the bran. When the bran particle
size is small, the brain cells cause rupture, which reduces the quality of the bread
(Noort, Haaster, Hemery, Schols & Hamer, 2010). Micronisation has the potential to
increase antioxidant activity and soluble fiber of proso bran it can be used for
enrichment of gluten-free bread with fiber and phenolics (Mustac et al., 2020). The
use of ultrafine grinding technology in the production of more baked goods in the
grain, it can increase the aging rate of the product, and reduce the hardness of the
product, it's suitable for special populations.

The application range of ultrafine pulverization was relatively wide. The use of
ultrafine pulverization in tea leaves enables the tea to dissolve into the water more
quickly, and the scent was more prominent and effective to save the immersion time.
For example, instant tea sold on the markets. The use of ultrafine grind of Chinese
medicinal materials not only enables greater medicinal properties, but also reduces
the loss of scraps and facilitates taking them. It can also introduce traditional Chinese
medicine into everyday diets and develop a variety of health care products. This
technology can be used on micron and submicron scales, and used in cereals such as
whole wheat flour modification and related technologies (Rosa, Barron, Gaiani,
Dufour & Micard, 2013).

Crushing whole grains with ultrafine grinding technology can improve the
water absorption and stability of the flour. The exact volume area of the steamed bread
was increased, and the steamed bread color was improved. The bran is ground and
recombined with red wheat, and the steamed bread has a high sensory score.
Therefore, ultrafine pulverization can improve the characteristics of power and
improve the quality of products (Liu et al., 2015). After the whole grain flour and
starch are subjected to ultrafine grinding, reduction in starch crystallinity was resulted.
Along with these structural changes, decreased viscosities and higher pasting stability

(Niu, Zhang, Jia & Zhao, 2017). Ultrafine grinding technology for preparing wheat
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bran dietary fiber. The results show that ultrafine pulverization can effectively
pulverize fiber particles to the submicron level. As the particle size decreases, the
hydration characteristics of wheat bran dietary fiber are significantly reduced,
insoluble dietary fiber is converted to soluble dietary fiber, the antioxidant activity is
improved, but the DPPH free radical scavenging activity is reduced (Zhu, Huang,
Peng, Qian & Zhou, 2010). Wheat bran has three kinds of ultrafine crushing
treatments with different particle sizes, and is applied to the production of steamed
bread. Among them, the bran with the smallest particle diameter causes the strength
of the dough to decrease, and the CO, produced is reduced. The exact volume area of
the steamed bread becomes smaller and the hardness increases, which adversely
affects the quality of the steamed bread. It can be seen that ultrafine grinding particles
help improve the quality of steamed bread in a certain range, but it is not as fine as
possible (Xu, Xu, Wang & Zhou, 2018). Ultrafine powder treats bean dregs and
applies to noodles. The study concluded that compared with ordinary bean dregs, the
bean dregs had a smaller particle size and increased soluble dietary fiber content.
Adding bean dregs can make the dough form a stable structure, and the noodles are
hard to break. Adding 7.5% ultrafine bean dregs powder reduces the cooking loss rate,
almost no bean smell, and a high sensory score. Therefore, the ultrafine grinding bean
dregs can significantly increase the nutritional value of the product when coupled with
the noodles (Tian, Xie, Ma & Yang, 2014).

The above research scholars have shown that ultrafine grinding can reduce the
particle size of raw materials, and improved the solubility and antioxidant activity.
Superfine grinding has a wide range of applications, such as chocolate, which can
increase the taste, smooth effect, and used in shells, it is a great source of calcium.
Applied in the production of healthy food, if the particles are slightly larger, it will
affect the taste and will not function as a health care. This requires ultrafine grinding
technology, which is pulverized to a sufficiently fine particle size, and an effective
mixed operation is provided to ensure uniform distribution of the food, and to
facilitate absorption by the human body. Therefore, ultrafine grinding has become

one of the important technologies for modern food processed, especially for health
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food processing. The used of this technology is currently seen in Chinese research
scholars. So this technology should be respected.

Microwave

Microwave heating is now attracted much attention as an alternative heating
source. Microwaves enable rapid and uniform heating of polar substances by direct
and internal heating generated by friction of dipole rotations (Mizrahi, 2012).
Microwave baking are easy and fast. However, for products that need to be baked for
a long time, the microwave technology cannot be faced with the traditional
technology. The main factor is the protein and starch in the flour, so the formula has
to be adjusted and the lo-gluten flour with protein content of 8.7% needs to be selected.
The bread baked by microwave is softer and has a better shell and texture (Ozmutlu,
Sumnu & Sahin, 2001). When making the bread without gluten, the addition of whey
protein concentrate increases the volume and moisture content of the bread. After
microwave baking, the hardness of the bread increases, the glycemic index decreases
and the shelf life is prolonged, which is good for people who suffer from obesity,
diabetes and celiac disease (Therdthai, Tanvarakom, Ritthiruangde] & Zhou, 2016).
The presence of endogenous B-glucanaseg in rice flour, can cause a substantial
reduction B-glucanase molecular weight, affecting detrimentally their efficacy for
bioactivity. Heat treated with microwave power (900 W) applied in cycles of 20 s
intervals combined with downtimes of 1 min, it was applied to the rice flours before
bread making at flour water contents (25%) and treatment time (4 min) to reduce f-
glucanase activity. Bread volume is better than untreated. Microwaving rice flour
helps improve glute-free bread, as well as of any-glucan-containing yeast-leavened
bakery product without altering its sensorial attributes (Pérez-Quirce, Ronda,
Lazaridou & Biliaderis, 2017).

Other physical techniques

Twi-screw extrusion process to produce bean dreg-maize snack foods, it
showed that the products extruded at the optimized condition had the best appearance,
taste, texture and overall acceptability (Shi, Wang, Wu & Adhikari, 2011). Electro
hydrodynamic (EHD) technique improves the drying speed of bean dregs. The bean
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dregs cake after drying kept a whole shape and there was no cranny in the surface, the
color of the sample became distinctly browner than that of the untreated (Li, Sun &
Tatsumi, 2006). Ultrasonic parameters had predictive capacity for bread making
performance for a wide range of dough formulations Lower frequency attenuation
coefficients correlated well with conventional quality indices of both the dough and
the bread (Peressini et al., 2017). Bran hydration, autoclaving and freezing treatments
and their combinations are promising approaches to reduce the dehydration of whole
grain wheat flour dough and to improve wholegrain wheat flour bread loaf volume
(Cai, Chol, Park & Baik, 2015). There is no doubt that these technology has made a
great contribution to food and agricultural by-products, provides important help for

the production of baked goods.

1.4 Improve quality of bean dregs by physical technology

Improve soluble dietary fiber of bean dregs

SDF of bean dregs is a carbohydrate-based polymer with significant health
benefits that is enriched in whole grains, nuts, fruits, and vegetables. In recent years,
in order to increase the soluble dietary fiber fraction of fiber-rich plant food bean
dregs have different approaches were investigated.

At present, more and more methods for increasing SDF content and improving
the physical-chemical of bean dregs have been reported, including chemical,
fermentation, Biological and physical methods (Feng, Dou, Alaxi, Niu & Yu, 2017,
Sun et al., 2020; Vong, Hua, & Liu, 2018). However, the application of chemical
methods is complicated, causes serious pollution, and makes it difficult to control the
degree of hydrolysis in polysaccharides. Although the fermentation method features
low cost and high safety, it has the disadvantages of complex operation and a long
fermentation cycle. Biological, the biological process is complex, the period is long
and the condition is difficult to control. Physical methods have the advantages of short
processing times, ease in processing, low cost and high safety, and they do not require
the use of solvents, so they have good prospects for development and application. It

refers to change the chemical composition and physical structure of bean dregs dietary
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fiber through physical and mechanical effects such as high temperature, high pressure
and high shear force, thereby improving the physical and chemical characteristics and
functional quality of bean dregs.

Common physical methods, such as blast extrusion processing (BEP), are a
new type of food processing technology. Numerous researchers have used it to
improve the functional properties of cereals such as oats, glute-free flour cereals
(Stojceska, Ainsworth, Plunkett & & Ibanoglu, 2010; Zhang, Bai & Zhang, 2011).
Blasting extrusion and twin-screw extrusion could increase the content of SDF in bean
dregs and improve the physicochemical properties of bean dregs (Chen, Ye, Yin &
Zhang, 2014, Jing & Chi, 2013; Li, Long, Peng, Ming, Zhao, 2012).

Steam explosion (SE) could increase the content of SDF of bean dregs from 1.34% to
36.28% under explosion strength 1.5 MPa for 30 s (Li et al., 2019). The blasting
extrusion processing (BEP) on the increase in soybean residue SDF content under
optimal conditions (170 °C and an extrusion screw speed of 150 r/min). Compared
with the control, the content of soluble dietary fiber from soybean residues treated by
BEP (SDF) was increased from 2.6+0.3% to 30.1+0.6%. In addition, BEP SDF
showed improved water solubility, water retention capacity and swelling capacity
(Chen, Ye, Yin & Zhang, 2014). Twin-screw extrusion was applied for soluble dietary
fiber extraction from soybean residue. The soluble dietary fiber content of bean dregs
reached 12.65%, which was 10.60% higher than that of unextruded and boiled bean
dregs (Jing & Chi, 2013). A novel in-situ enhanced extrusion with the aim to improve
the solubility of dietary fiber in bean dregs was developed. The SDF fraction of the
extrude (21.35 g/100 g) was higher than that of untreated OKP (2.30 g/100 g). The
novel extrusion improved the water and oil holding as well as swelling capacities of
OKP when compared to untreated and reference extrudes (Li et al., 2012). In addition,
steam Dblasting technology is widely used. It puts fibrous raw materials in high
pressure steam for a certain period of time. When high pressure is released instantly,
the superheated steam in the raw material gap quickly vaporizes and the volume
expands rapidly (Yu, Zhang, Yu, Xu & Song). Use steam is blasting to treats bean
dregs to make tough cookies. The results demonstrate that steam explosion has a
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greater impact on the composition and content of dietary fiber in bean dregs. At 1.5
MPa/30 s, the maximum soluble dietary fiber reached 36.28%. After steam blasting,
the amount of bean dregs added is 10%, and the quality of biscuits is significantly
improved. Therefore, the appropriate strength of steam explosion treatment can
greatly improve the SDF in bean dregs and improve the quality of bean dregs in tough
cookies (Kang et al., 2018).

Extrusion technology is used to process bean dregs to prepare soluble dietary
fiber. When the liquid-solid ratio is 26: 1, at 89 °C, for 68 min, and alkali
concentration is 1.12%. The soluble dietary fiber in extruded bean dregs were 34.12%,
which was significantly higher than that of untreated (13.51%) (Lou & Chi, 2009).
Enzymatically prepared bean dregs dietary fiber is processed by IHP, and treated at
40, 90 and 120 MPa, respectively. The water holding capacity, expansion ratio and
combined hydraulic strength was increased. The viscosity of the prepared dietary fiber
solution was measured the pressure increases and rises in used rheometer.
Microscopic observation of light transmittance, loose tissue, finer fibers, improved
the quality of the bean dregs dietary fiber, and there was no deterioration during
refrigeration for one month. IHP can improve the quality of the bean dregs fiber, but
the cost of enzymatic preparation is higher (Liu, Xiong, Liu, Ruan &Tu, 2005).

In recent years, great progress has been made in the research of high pressure
and ultrafine grinding technology it has become a research focus in the field of
enhancing the quality of bean dregs. Ultrafine grinding can effectively pulverize fiber
particles to the submicron level. Insoluble dietary fiber was converted to soluble
dietary fiber, and the antioxidant activity was improved (Zhu et al., 2010). Ultrafine
grinding sets of different pulverization frequencies and time to process the bean dregs.
Based on the physical and chemical characteristics of bean dregs, the crushing optimal
parameters were obtained at a frequency of 80 Hz, and once processed. The water
solubility, swelling, viscosity, and cation exchange capacity of bean dregs is
significantly improved. The water and oil holding capacity of bean dregs has
decreased to some extent (Xie, Tian & Ma, 2014). High pressure has a significant

Impact on the soluble dietary fiber and functional properties of bean dregs. At 400
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MPa and 60 °C under high pressure, the content of soluble dietary fiber increased 8
times when treated with bean dregs, compared with untreated. Swell ability and water
holding (oil) properties are improved (Mateos-Aparicio, Mateos-Peinado & Rupérez,
2010). After high hydrostatic pressure treatment at 600 MPa for 30 min, the solubility
of bean dregs dietary fiber is improved, which makes it more suitable for functional
food processing (Pérez-Lopez, Mateos-Aparicio & Rupérez, 2016). High pressure
homogenization strength is related to the solubility of bean dregs. Under high strength
pressure, the structure of bean dregs particles is destroyed, and the fiber and protein
of bean dregs are released (Fayaz, Plazzotta, Calligaris, Manzocco & Nicoli, 2019).
Using lactic acid bacteria fermentation method and dynamic high pressure to treat
bean dregs, the content of soluble dietary fiber in bean dregs was correspondingly
increased, being (9.7, 14) g/100 g. Insoluble dietary fiber content decreased from 11.6
g9/100 g to (7.8, 4.5) g/100 g, respectively. It can be observed that soluble dietary fiber
and insoluble dietary fiber can be converted into each other under different processing
conditions. There were no significant differences in dietary fiber content when bean
dregs were treated under dynamic high pressure. Microstructure discovery dynamic
high pressure can break down the cellulose structure and make the surface rough. The
lactic acid bacteria fermentation method results in modification of the fiber structure
and reduction of crystallinity (Tu et al., 2014).

In addition, microwave technology and high temperature cooking technology.
Microwaves (M) mainly transmit energy through high-frequency electromagnetic
waves and cause molecular electromagnetic oscillations to accelerate molecular
motion. The dissolution rate of soluble polysaccharides in bean dregs increased 70%
after microwave treatment at 200 °C for 7 min, and new polyphenolic compounds that
have antioxidant activity were observed above 180 °C (Tsubaki, Nakauchi, Ozaki, &
Azuma, 2009). High temperature cooking technology is a commonly method of
physical modification, but there are few reports of its use with bean dregs except in
China.

Currently, the application of combined methods may be the development trend.

(Ciccoritti et al., 2018) reported hydrothermal grain preprocessing and ultrafine
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milling for the production of durum wheat flour fractions with high nutritional value
(Tsubaki et al., 2009). A combination of high hydrostatic pressure (HHP) and
ultraflo® L (a food grade enzyme) was used to improve the solubility of dietary fiber
of okara (Tsubaki et al., 2009). High-pressure technology (HP) combines heat and
pressure to process materials. The physicochemical properties of okara treated under
different high hydrostatic pressure conditions were significantly different (Mateos-
Aparicio, Mateos-Peinado & Rupérez, 2010). A combination of high hydrostatic
pressure and heating treatment provided a slight increase in the total dietary fiber in
white cabbage (\Wennberg & Nyman, 2004).

It can be observed that these physical methods have significantly increased the
content of soluble dietary fiber in bean dregs. The biggest advantages come from short
processing time, simple process, no solvent residue, and low cost. It is possible to
damage the structure of the soybean b-products during physical processing. For
example, extrusion technology changes the structure of fiber molecules through
intense pressure, friction and shear force, thus exposing the molecules to more soluble
groups, thus increasing the content of soluble dietary fiber. Microwave has a strong
penetration ability, the electromagnetic wave act on the material, resulting in the
increase of the material cell pressure and expansion and rupture, the soluble dietary
fiber content of bean dregs is increased. However, excessive treatment affects the
content of soluble dietary fiber should pay attention to the control of treatment
conditions. Typically, a combined method may have greater effects than any single
approach. However, the combination of multiple technologies is rarely applied to
bean dregs, especially the combination of multiple physical technologies. Therefore,
it is necessary to explore novel combinations that can increase the nutritional and
functional characteristics of bean dregs.

Removal of ant-nutritional factors

Ant-nutritional factors (ANF) are substances that adversely affect the
digestion, absorption, and utilization of nutrients, as well as adverse reactions that
cause humans and animals. Soy was full of nutrients, but there are also a variety of

ant-nutritional factors affecting the use. Ant-nutritional factor in soybean is a limiting
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factor, which not only hinders the body's absorption of nutrients, but also limits the
comprehensive development and utilization of beans. Therefore, effectively
controlling or eliminating ant-nutritional factors is one of the important ways to
increase the utilization of soybeans (Gao, Wang & Li, 2019). Few types of ant-
nutritional factors found in legumes that usually inhibit the bioavailability of many
nutrients, such as hydrocyanic acid, trypsin inhibitors activity, phytic acids,
hemagglutinins etc. However, the bean dregs contain three ant-nutritional factors:
trypsin inhibitor, lectin and goitrogen, the most important is the trypsin inhibitor.
These ant-nutritional factors limit the nutritional properties and affect the digestibility
of certain nutrients (Akpapunam & Sefa-Dedeh, 1997). When the researchers used
bean dregs to make cookies, ant-nutritional components rise by the bean dregs ratio
increase in cookies composition. The removal or degrade of the ant-nutritional factors
in the bean dregs is of profound significance for improving functional food of bean
dregs. Hence, further research has to initiate to decrease the ant-nutritional factors in
bean dregs (Hawa, Satheesh & Kumela, 2018). However, trypsin inhibitor, soybean
lectin, glycinin and conglycinin are the most important ant-nutritional factors in
soybean. The bean dregs mainly contain three anti-nutritional factors: trypsin
inhibitor, goitrogen and prothrombin.

Trypsin inhibitor. Trypsin inhibitor is a protein and about 7-10 species are
found in soybeans. Among them, Kunitz trypsin inhibitor and Bowman-Birk trypsin
inhibitor are the two most representative and important inhibitors. Soybean trypsin
inhibitory factor (STI) is one of the main ant-nutritional factors in soybean. The
content is about 2%. The anti-nutritional effects of trypsin inhibitors are mainly as
follows: reducing protein digestion, inhibiting animal growth, and causing pancreatic
enlargement (Machado et al., 2008). The removal of anti-nutritional factors is mainly
through physical, chemical and biological methods. In recent years, many scholars
have focused on researching new and efficient methods of inactivation, such as
chemical methods and high temperature transient methods, gene breeding methods, it
has been able to reduce the content of trypsin inhibitors in soybeans and has been

extensively studied.
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With bean dregs as the main raw material, used single screw extrudes in the
content of bean dregs (0%, 15%, 30%, 45%), material moisture (40%), extrusion
temperature (two zones: 140 °C~150 °C, three Area: 170 °C~180 °C) extrusion
preparation of tissue protein. The results showed that the content of phytic acid and
soluble dietary fiber increased, the activity of total phenol, total flavonoids and trypsin
inhibitor decreased, the in vitro digestibility increased, and the correlation coefficient
between various nutrient factors decreased after extrusion (Bin et al., 2016). The
trypsin factor in soybean milk was treated at a high temperature of 93 C for 60—70
min, and the inactivation rates reached 90%. It takes 5-10 min at 121 °C, but excessive
temperature and time make Maillard reaction between basic amino acids such as
lysine and reducing sugar, reduce the content of free amino acids, protein digestibility
and nutritional value of protein (Kwok, Qin & Tsang, 2010). In addition to, high
pressure treatment can inactivate trypsin inhibitor and lipoxygenase in soybean or soy
milk, and a higher pressure at 800 MPa was required for the treatment of lipoxygenase,
or the combined temperature is 60 °C at 600 MPa (Linsberger-Martin, Weiglhofer,
Phuong & Berghofer, 2013). During the germination process of broad beans, use of
0.171M saline can reduce the activity of trypsin inhibitors (El-Mahdy, Moustafa &
Mohamed, 1981).

Heat process is widely used for food preparation, which is one of an effective
method used to inactive heat liable ant-nutritional factors. The heating was efficient
trypsin inhibitors and lectin inactivation, being 15 min at 121 °C sufficient to reduce
more than 90% of these compounds (Machado et al., 2008). The trypsin inhibitor was
completely inactivated after soaking soybeans in 24.3% humidity for 1 hour, and after
being treated with microwave frequency at 2450 MHZ for 4 minutes, which was
shorter than the heating period (6 min) needed for unsoaked soybeans (Yoshida &
Kajimoto, 2010). Microwave treatment is an effective way for inactivation of protease
inhibitor activity in cracked soybeans, roasting for only two minutes reduced the
trypsin inhibitor activity to 13.33% of the initial (Bara¢ & Stanojevi¢, 2005). The
microwave cooking reduced anti-nutritional factors in bean thus improved the protein

digestibility, while the cooking method is not studied extensively yet (El-Adawy,
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2002). Roasting treatment, the processing under 230 °C for 25 min presented more
decrease in trypsin inhibitor from soybeans (Zhou, Cai & Xu, 2017). Extrusion
process was the best method to abolish trypsin inhibitors (99.54%), phytic acid
(99.30%) and tannin (98.83%) (Rathod &Annapure, 2016). Ultrasound treatment at
20 kHz about 20 min inactivates trypsin inhibitor by 55% (Entezari & Pétrier, 2005).
High pressure processing (HPP) is another emerging novel processing technique
followed in the food industry and evaluated as an alternative for the inactivation of
Trypsin inhibitors. The researchers suggest that temperatures at 77-90 °C and
pressures at 750-525 MPa less than 2 min, about 90% trypsin inhibitors inactivation
(Van Der Ven, Matser & Van den Berg, 2005).

Lectin. The physiological activity of lectin has two side. Most lectins are
resistant to digestion in human proteases, and even have adverse effects, such as
stimulating the intestinal wall and impeding the digestion and absorption of nutrients.
Therefore, lectins were deemed to be ant-nutrient substance. How to eliminate anti-
nutrition is a matter of concern in the food processed field. Thrombin is a common
anti-nutritional factor in bean dregs. It can hinder the absorption of animals. In
soybean, lectin is attended by a concentration of 10-20 g/kg, which can stimulate the
intestine Wall, hinder digestion, absorb nutrients and affect the metabolism of small
intestinal mucosal cells, and affect the bacterial ecology in the intestine (Clarke &
Wiseman, 2000). It is a glycogen protein. Defat soybean meal contains about 3% of
prothrombin and is under a molecular weight of 120,000. It comprises of 4 identical
subunits, each with a molecular weight of 30,000, each molecule (Desai, Allen &
Neuberger, 1988). The presence of toxic phytic acid, hemagglutinin, trypsin inhibitors
and hydrocyanic acid in beans, it affects the use of food in the human body
(Akpapunam & Sefa-Dedeh,1997). Ant-nutritional factors in velvet beans processed
by ultraviolet radiation. Studies have shown that UV treated seed has lower levels of
phytic acid, hydrogen cyanide and total oxalate compared to seeds soaked overnight.
Ultraviolet radiation (60—90 min) completely eliminated the trypsin inhibitor activity
in the seed. Both treatments completely eliminated plant hemagglutination activity

(Kala & Mohan, 2012). Soybean hemagglutinin is not heat-resistant, and can be
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inactivated quickly under hot and humid conditions. Even the activity completely
disappears. Studies have shown that when purified prothrombin was dissolved in 25%
sodium citrate solution. It can inhibit thrombin formation (Alkjaersig, Deutsch &
Seegers, 1955). In the conventional processing, the heating method was generally
adopted to remove the anti-nutrition of the lectin in the legume food, and the
physiological activity of the lectin was also completely lost.

Goitrogen. The thyroid hormone is extremely small in soybean, and its
precursor substance is glucosinolate, which was enzymatically hydrolyzed by
glucosinase, and the resulting ligand further generates cyanogen, thiocyanate and
isosulfur, wherein the isothiocyanate is automatically cyclized to an
oxazolidinethione under neutral conditions, and the latter three substances mainly
affect the morphology and function of thyroid gland, which is the main substance
leading to goiter. The pathogenic mechanism of goitre is that it preferentially binds to
iodine in the blood, resulting in an insufficient source of iodine for thyroxine synthesis,
leading to compensatory hyperplasia of the thyroid gland.

Soy can inactivate glucosinolates by dry heat to prevent it prevent it from
producing goiter. At (90 °C, 15 min) or (100 °C, 10 min) or (110 °C, 5 min), the
residual rate of enzymatically degradable glucosinolates was above 98%, but in the
case of tissue breakage and the presence of aqueous media (such as germination, wet
heat treatment, etc.), it was recommended that the first step of dry heat Kkills
glucosinolates (Gu, Li, Yu, 2000). Dry heat treatment has an obvious effect on the
removal of soybean goiter, and warm heat treatment has obvious effects on
prothrombin and protease inhibitor. Soybean germination combined with heating
treatment can remove somatostatin and protease inhibitors. Used 90 °C dry heat
treatments, 15min or more, and then used 125 °C wet heat treatments for more than
10min, the ant-nutritional factor removal rate reaches 95% (Chen, Yu, Cen, 2002).
Dry heat treatment has a significant effect on the removal of thyroxine from soybeans,
while wet heat treatment has a beneficial effect on soybean prothrombin and protease
inhibitors. Dry heat treatment at 90 °C for more than 15 minutes, then the best heat

treatment at 125 °C for 10 minutes, the removal rate was as high as 95%, it's
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convenient and energy-saving (Li, Gu, Yu, 1998). The dry heat treatment conditions
were 90°C for 15min, 100°C for 10min, 110°C for 5min. Inactivate glucosinolase in
soybean so that it cannot enzymatic digest glucosinolates. Therefore, no goiter is
produced and the residual glucosinolates can reach 98% (Gu, Li, Yu, 2000).

The above researchers, whether using chemical or physical methods, can
effectively remove ant-nutritional factors in beans. However, the chemical method is
under a large residual amount and low safety. The sensible method commonly used
IS heating treatment, such as dry heat treatment or wet heat treatment, which can
eliminate different ant-nutritional factors. This method is low in cost, good in effect,
simply in the process, and widely used, but it takes a lot of time. The trypsin inhibitor
can be inactivated under the effect of atmospheric pressure steam. If the temperature
is lower than 100 °C for 30min, the trypsin inhibitor activity in soybean can be
reduced by about 90%. In the case of high-pressure treatment, the heating time
depends on temperature, pressure, and material properties. At present, pressure
baking is often used in the industry. When the temperature is between 130 °C and
133 °C, 2500 kPa, soy lectin and trypsin inhibitor can be inactivated, but the
disadvantage is that the cost is high and the color of the product cannot be effectively
controlled. The soaking method can remove ant-nutritional factors, but it takes time
and is not suitable for large-scale production processes. The extrusion puffing method
inactivates the ant-nutritional factors of soybeans, ruptures the cell wall of the raw
material, and increases the digestibility of nutrients, but damages the raw material
itself. Microwave treatment can penetrate into the inside of the untreated material,
causing the inactivation of anti-nutritional factors. Mechanical processing includes
crushing, dehulling, etc. Many anti-nutritional factors mainly exist in the epidermal
layer of crop seed. Separation through mechanical processing can reduce ant-

nutritional factors. But this method is only suitable for the treatment of seed.

Conclusions on section 1
Bean dregs has high nutritional value, but it has a rough taste and has low

soluble dietary fiber. Therefore, in the production of bean dregs products, special
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consideration should be paid to the nutrition, taste and appearance of the products,
especially in baked goods. In addition, some anti-nutritional factors in bean dregs, it
affects human health. At present, the most commonly used removal methods are dry
heat treatment and wet heat treatment, so it is necessary to explore new processing
methods, eliminate the anti-nutritional factors in the bean dregs, improve the quality
of the bean dregs, and increase the added value of the products. Relevant research
shows, that high pressure technology can effectively reduce microorganisms in
products and extend the shelf life. The new technology of ultrafine grinding has been
proven to improve the roughness of the cereals, make the power fine and improve the
flavor of the product. Microwave technology is convenient and fast, which has
replaced the traditional heating method. However, this method is not fully adapted to
the traditional process formula, so more research is needed in the development of the
product.

Therefore, physical modification will broaden the application of bean dregs in
food and feed to a certain extent, and combined treatment is the preferred method. It
IS necessary to explore novel combinations that can increase the nutritional and
functional characteristics of bean dregs. However, the effect of ultrafine grinding
combined with high-pressure processing, microwave irradiation or high-temperature
cooking on bean dregs has been less frequently reported. Moreover, the effects of
these individual technologies or combinations of technologies on the compositions,
characteristics and functional characteristics of bean dregs have not been well
characterized. Therefore, the combination of these technologies is called upon to
choose a new type of processing technology to treat bean dregs that will contribute to
the development of functional biscuits and promote the progress of baked goods. This
study provided innovative ideas for further research on the physical and chemical
properties of bean dregs treated by combination technology and its application in
baked food.
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SECTION 2
ORGANIZATION, SUBJECTS, MATERIALS AND METHODS RESEARCH

2.1 Objects of research
Materials
Bean dregs are by-product of the soy milk industry and composed of insoluble

components which remain in the filtration bag of soybean meal during soybean milk
production. The development of soybeans has brought great economic benefits to the
food industry, which can produce bean dregs of 15 million tons per year. However,
fresh okra has high moisture content, bad taste and mouth feel, and is difficult
to store, and low soluble fiber, and contain certain anti-nutrient factors-trypsin
inhibitors, and most of them are used as feed or discarded as waste disposal.

Wet bean dregs were obtained at local market.

The physicochemical properties of the bean flour used in the studies, are

presented in Table 2.1.

Table 2.1 — Analysis of the physicochemical properties of bean dregs

SDF  Protein Ash Water(Wet,Dry) Fat Water Swelling Trypsin
adsorption solubility capacity inhibitors
capacity

1.63% 23.46% 0.83% 88%, 2.91%, 1.48 10.13 13.99 7365
(9/9) (%) (9/mL)  TIU/g

Glucan standards were purchased from Beijing Wanjiashouhua Biotech Co.
Ltd., China. Protein markers were purchased from Beijing Solaris Science &
Technology Co. Ltd. China. High-temperature-resistant alpha-amylase solution (30
U/mg) and glycosylase solution (100 U/mg) were purchased from Shanghai Regal
Biology Technology Co. Ltd. (China). Alkaline protease solution (100 U/mg) was
purchased from Shanghai Lanji Technology Development Co. Ltd. China. Trypsin

1:250 (from bovine pancreas) was used and exhibited an activity of 250 U/mg, was
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purchased from Sigma-Aldrich (Corp. St. Louis, USA). Other reagents and chemicals
were of analytical grade.

Make crisp biscuits

Bean dregs powder: Ultrafine grinding -Microwave (U-M): Ultrafine grinding
(30Hz), and then high heat modes were selected for microwave conditions, and the
treatment time for 6min, then dried by the oven at 50 °C for 48 h and sieved with 80
mesh (Wang, Zeng, Gao & Sukmanov, 2021); Low-gluten flour, powdered sugar,
butter, corn starch, egg yolks, salt, baking powder were collected from local markets.

Make hard biscuits

Bean dregs powder; Wheat flour: Cofco International (Beijing) Co. LTD;
Starch: Kunshan Zhenlemen Food Co., LTD; Powdered sugar: Jiangxi Qiaosao Food
Co., LTD; Soybean oil; Salt: Hubei Xiangheng Salt Chemical Co., LTD; Baking
powder: Guilin Kesheng Food Co., LTD; Eggs: commercially available.

Equipment

1. Constant temperature drying oven (DHG-9140A, Jiangsu Yutong Drying
Equipment Factory, Changzhou, China);

2. Ultrafine grinder (Beijing Yujie Yucheng Machinery Equipment Co., Ltd.,
Beijing, China);

3. High static pressure processing device (FPG5620YHL, Stansted fluid power
Ltd., Stansted, UK);

4. P70D20N1P-G5 microwave oven (Guangdong Galanz Microwave Life
Electric Appliance Manufacturing Co., Ltd., Zhongshan, China);

5. LDZX-50BS vertical high pressure steam sterilizer (Shanghai Shenan
Medical Equipment Factory, Shanghai, China);

6. Inductively coupled plasma-atomic emission spectrometry (ICP-AES)
(Perkin—Elmer, Model NexlION2000, USA, with auto sampler);

7. Laser particle size analyzer (BT-9300H, Dandong Baxter Instrument Co.,
Ltd., Dandong, China);

8. Scanning electron microscopy (FEI Co., USA);
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9. Water bath thermostatic oscillator (JDS-BA, Changzhou Jintan Jingda
Instrument Manufacturing Co. Ltd, Changzhou, China);

10. Low field nuclear magnetic resonance (LF-NMR) (NMI20-040 V-I,
Shanghai Niumay Electronic Technology Co., LTD., China);

11. Rapid viscosity analyzer (RVA) (TecMaster, Newport Scientific
Instruments LTD., Australia);

12. Rotary rheometer (HAAKE MARS I11006-1576 Version 1.3, Thermo
Scientific, Germany); Minolta Chroma Meter (CR-40, Japan);

13. TA-XT Plus Texture Analyzer (Stable Micro Systems, London, UK).

2.2 Research methods

2.2.1 Physical technology treatment of bean dregs

Control sample: the wet bean dregs were dried by the constant temperature
drying oven (DHG-9140A, Jiangsu Yutong Drying Equipment Factory, Changzhou,
China) at 50 °C for 48 h, after which they were ground and sieved with an 80 mesh
screen.

Single treatments

Ultrafine grinding (U): the wet bean dregs were dried with constant temperature
drying oven at 50 °C for 48 h, then ultrafine ground frequency of 30 Hz by an ultrafine
grinder (KCW-701S, Beijing Yujie Yucheng Machinery Equipment Co., Ltd., Beijing,
China).

High Pressure (HP): wet bean dregs were treated by a high static pressure
processing device (FPG5620YHL, Stansted fluid power Ltd., Stansted, UK) at 300
MPa for 10 min at 30 °C, then dried by the oven at 50 °C for 48 h and sieved with 80
mesh.

Microwave (M): wet bean dregs were treated in a P70D20N1P-G5 microwave
oven (WO0) (Guangdong Galanz Microwave Life Electric Appliance Manufacturing
Co., Ltd., Zhongshan, China) at a medium heat level for 4 min, then dried by the oven
at 50 °C for 48 h and sieved with 80 mesh.
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High-temperature cooking (HTC): wet bean dregs were treated with an LDZX-
50BS vertical high-pressure steam sterilizer (Shanghai Shenan Medical Equipment
Factory, Shanghai, China) at 115 °C for 25 min, then dried by the oven at 50 °C for
48 h and sieved with 80 mesh.

Combination technology

The bean dregs treated by ultrafine grinding were used as the raw material for
combination with high pressure treatment, microwave treatment and high temperature
cooking treatment. The ratio of bean dregs to water was set as 1:3, 1:5, 1:7, 1:9 and
1:11. The other conditions were designed as follows:

Ultrafine grinding- High Pressure (U-HP): The high pressure ranged from 50
MPa to 300MPa, and the treatment time ranged from 5 min to 25 min at 30 °C.

Ultrafine grinding-Microwave (U-M): Low, M-Low (Between low and
medium heat), Med, M.High (Between medium and high heat), High heat modes were
selected for microwave conditions, and the treatment time ranged from 2 min to 10
min.

Ultrafine grinding- High temperature cooking (U-HTC): The temperature of
high temperature cooking ranged from 105 °C to 126 °C and the treatment time ranged
from 10 min to 30 min.

The above treated samples were vacuum freeze dried, ground, sieved with an
80 mesh screen and stored for further analysis.

Determination of SDF in bean dregs

The protein content of bean dregs was analyzed as described in the AOAC
reference method (1995).

Determination of protein in bean dregs

The protein content of bean dregs was analyzed as described in the AOAC
reference method (1997).

Mineral analyses

The mineral content of bean dregs was determined by inductively coupled
plasma-atomic emission spectrometry (ICP-AES) (Perkin—Elmer, Model
NexION2000, USA, with auto sampler). Bean dregs (0.5 g) were put into PTFE (poly
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tetra fluoro ethylene) digestion tubes; 10 mL of nitric acid was added, and the tube
was put into a microwave digestion system. The parameters of microwave digestion
were set as follows: power, 600 W; climbing time, 10-15 min; holding time, 10-15
min; temperature, 180 °C; and whole tank temperature monitoring system, 195 °C.
Then, the sample was put on the acid eliminator for 1 h. The solution was cooled and
transferred into a 20 mL graduated flask; then, deionized water was added, and the
levels of potassium (K), calcium (Ca), sodium (Na), magnesium (Mg), zinc (Zn), iron
(Fe), copper (Cu), manganese (Mn), chromium (Cr), selenium (Se), titanium (Ti),
strontium (Sr), tin (Sn) and arsenic (As) were determined. The mineral concentrations
of the samples were determined from a standard graph and expressed in mg/kg.

Determination of particle size of bean dregs

A sample (0.5 g) was gently mixed with 50 mL of distilled water in a 100 mL
beaker with whirlpool oscillation. Then, an appropriate volume of sample liquid was
slowly added to the laser particle size analyzer (BT-9300H, Dandong Baxter
Instrument Co., Ltd., Dandong, China) to ensure that the shading ratio was in the
range of 15%-18%. The recorded particle size parameters included the specific
surface area, largest particle size (D90), mean particle volume (D50), smallest particle
size (D10), area equivalent mean diameter (D [3, 2]) and volume equivalent mean
diameter (D [4, 3]).

Scanning electron microscopy (SEM) observations

The microstructure of bean dregs was observed by scanning electron
microscopy (FEI Co., USA) according to the method of Li et al. (2019) with minor
modifications. The samples were placed on a specimen holder with double-sided
scotch tape and sputter coated with gold. Then, the samples were scanned and
photographed at an accelerating voltage of 15 kV at magnification (2500 x).

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
analysis

The SDS-PAGE was measured according to the methods of Hu et al. (2017)
with some modifications (Hu, Wang, Zhu & Li, 2017). Tris-HCI buffer (0.5 mol/L
Tris-HCI, pH=8.0) was mixed with degreased bean dregs (10:1/g) in a 50 mL beaker,
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and the suspension was stirred with a magnetic stirrer for 9 h. After centrifugation at
8000 rpm for 5 min, the supernatant was collected. Using 12% separation glue and 5%
concentration glue, 16 uL of sample was loaded into each lane, and the gel was stained
and decolorized. Using a gel imaging system (UVP), the gel was scanned, and the
protein bands were analyzed.

Trypsin inhibitors

Trypsin inhibitor activity was measured according to the method of Kakade,
Rackis, Mcghee and Puski (1974) with some modifications Kakade, Rackis, Mcghee
and Puski (1974). Utilizing benzoyl-DL-arginine-p-nitroanilide (BAPA) as the
substrate. A sample (1 g) of bean dregs was dispersed with 40 mL of NaOH solution
(0.01 M), and shaken at 25°C and 150 r/min for 2 h. Then, the samples were
centrifuged at 3000 r/min for 10 min. The supernatant was collected and diluted 4
times with deionized water for further determination. Four centrifuge tubes (l4, Iz, I,
1) were used to prepare solutions by the following methods:

(1) Standard blank: 5 mL of BAPA solution (0.4 mg/mL), 3 mL of deionized
water and 1 mL of CH:COOH solution (5.3 mol/L) were combined and mixed well.
This solution was used as the reference.

(1) Standard solution: BAPA solution (5 mL) and deionized water (3 mL) were
combined and mixed well.

(I3) Sample blank: BAPA solution (5 mL), sample diluent (1 mL), deionized
water (2 mL) and CH:COOH (1 mL of 5.3 mol/L solution) were combined and mixed
well.

(I;) Sample solution: BAPA solution (5 mL), sample diluent (1 mL) and
deionized water (2 mL) were combined and mixed well.

Centrifuge tubes were placed in a constant temperature water bath for 10 min
+ 5 s at 37 °C, and then 1 mL of trypsin solution (0.4 mg/mL) was added to each
centrifuge tube; the solutions were mixed and kept for 10 min £ 5 s. 1 mL of
CHsCOOH solution (5.3 mol/L) was added to the (I2) and (l4) tubes to terminate the
reactions. The absorbance of each solution was determined by spectrophotometry at
410 nm. Absorbances should be between 0.38 and 0.42. The inhibition rate (1%) for
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trypsin and trypsin inhibitor activity (TIA) of bean dregs were calculated using
equations (2.1) and (2.2):
| (%)=Az- (As-A3)A2x100% (2.1)
TIA (TIU/g) = [Az - (A4 - A3)]+ 0.01x40(D+M) (2.2)
where | is the percentage of trypsin inhibition; A; is the absorbance of the standard
solution; As is the absorbance of the sample blank; A, is the absorbance of the sample
solution; D is the dilution ratio of supernatant after centrifugation, here is 4; M is the
weight of the sample; One trypsin unit is defined as an increase in absorbance of 0.01
per 10 mL of the reaction mixture at 410 nm. TIA is expressed in terms of trypsin
units inhibited (T1U), that is, the amount of inhibiting trypsin unit per gram of sample.
Processing performance indexes
Water solubility
Water solubility (%) of bean dregs was determined according to the method
described by Zhang et al. (2009).
Swelling capacity
The swelling capacity was measured according to the method of Mateos-
Aparicio and Mateos-Peinado (2010) with some modifications. 0.5 g of sample was
placed in a 20 mL graduated test tube, and 10 mL of distilled water was added. The
mixture was stirred gently to eliminate trapped air bubbles and allowed to sit for 24 h
at room temperature (25 °C). Then the volume of the sample (V) was recorded, and

the swelling capacity was calculated as equation (2.3):
Swelling capacity (mL/g) =% (2.3)

where V is the final volume occupied by the sample and W is the weight of the sample.

Fat adsorption capacity

The fat adsorption capacity was evaluated following the method of Jia et al.
(2020) with some modifications. Bean dregs (0.3 g, M;) were gently mixed with 24 g
peanut oil or lard in a 50 mL centrifuge tube. The samples with peanut oil were

shocked in a water bath thermostatic oscillator (JDS-BA, Changzhou Jintan Jingda
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Instrument Manufacturing Co. Ltd, Changzhou, China) at 37 °C for 2 h (for lard
adsorption tests, 60 °C for 2 h were used) and then centrifuged at 3000 rpm for 15
min. The upper layer of free oil was removed, and the residue was weighed (M,). The

fat adsorption capacity was calculated as equation (2.4):

Fat adsorption capacity (g/g) = MZ]\; —
1

(2.4)

Cationic adsorption capacity

Bean dregs (0.5 g) were gently mixed with 100 mL of 5% NacCl solution in a
150 mL beaker. After stirring with a magnetic agitator for 5 min, 1 mL of 0.1 mol/L
NaOH solution was added slowly, and the pH value was recorded until the pH value
of the solution changed by less than 0.3. The trend in pH value as a function of added
NaOH volume was observed. The greater the change of pH value, the stronger the
cationic adsorption capacity of bean dregs.

Water relaxation properties in bean dregs.

Water relaxation properties in bean dregs treated by different physical
technologies were determined by low field nuclear magnetic resonance (LF-NMR)
(NMI120-040 V-I, Shanghai Niumay Electronic Technology Co., LTD., China). One
gram of bean dreg powder was weighed, 7 mL distilled water was added and mixed,
and the sample was wrapped with a layer of plastic wrap and placed at room
temperature for 20 min. Then, 5 g of the sample was removed and removed from the
plastic wrap, placed into an LF-NMR detection tube and detected in a resonance
detector. The parameters were set as follows: TD=400018, NS=4, TW=5500 ms,
NECH=5000. The untreated bean dregs were used as a control.

Determination of viscosity of bean dreg slurry.

Bean dreg slurry was prepared for determination of viscosity with a rapid
viscosity analyzer (RVA) (TecMaster, Newport Scientific Instruments LTD.,
Australia). Three grams of bean dreg powder was weighed and put into an aluminum
jar, 21 mL of distilled water was added, and the mixture was stirred well. The

determination parameters of viscosity were set as follows: constant temperature 30 °C,
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speed 160 rpm, and time 5 min. Then, the aluminum canister was put into the
instrument, and the tower cap was pressed down when the temperature reached 30 °C.

Determination of stability of bean dreg slurry.

2 g of bean dreg powder was weighed and put into a tube, 14 mL of distilled
water was added, and the slurry was stirred well. The slurries were placed at room
temperature for 0.5 h, 8 h, 24 h, 48 h, 72 h and one week to observe the changes in
the slurry.

Determination of dynamic rheological properties of bean dreg slurry.

3 g of bean dreg powder was weighed and put into a container, 21 mL of
distilled water was added, and the sample was mixed well and allowed to stand for 3
h. The dynamic rheological properties of the above samples were determined by a
rotary rheometer (HAAKE MARS 1110061576 Version 1.3, Thermo Scientific,
Germany) according to the method of Kim and Yoo (2006) with some modification.
The test temperature was 25 °C. Parallel plate geometry (40 mm diameter, 1 mm gap)
was employed throughout the test. The target strain force was 1 Pa, and the dynamic
scanning frequency range was 1-10 rad/s. The changes in the energy storage modulus
(G"), loss modulus (G") and loss factor (tan &) of bean dreg slurries with angular
frequency were obtained.

Chrominance and whiteness index of bean dregs.

The chrominance difference and whiteness index of bean dregs were
determined according to the method of Aguirre, Karwe and Borneo (2018).
Chrominance parameters (L*, a*, b* values) of the bean dregs were determined with
a Minolta Chroma Meter (CR-40, Japan). A standard white plate was used as a
reference (L* =100). Measurements were performed under the standard illuminant
D65. The results are reported in terms of L* (lightness), a* (redness to greenness-
positive to negative values, respectively), and b* (yellowness to blueness-positive to
negative values, respectively) values. The net difference in color (with respect to
control) (AE) and whiteness index (WI) were calculated according to the following
equation:

AE = [(L*c = L*t)?> + (b*c — b*t)®> + (a*c — a*t)?]/? (2.5)
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where the lowercase ¢ and t in Equation (2.5) refer to the control and treated

samples, respectively.
WI = 100 — [(100 — L*)? + (a*)? + (b*)?]/? (2.6)

Crispy dough preparation.

The crispy biscuits had the following formulation: Low gluten flour and bean
dregs powder (100 g), butter (50 g), powdered sugar (20 g), corn starch (5g), Egg
yolks (20 g), and salt (1 g), baking powder (0.75g). Whisk butter until creamy and
pale after the butter is softened, powdered sugar, salt and egg yolks were mixed for 1
min at speed 4 using a KitchenAid Professional mixer KPM5 (St. Joseph, Michigan,
USA) to make it smooth, add the flour mixture (low gluten flour, bean dregs powder,
corn starch and baking powder) in batches to make a soft dough. Seal with plastic
wrap and leave at room temperature for 10 min, and crispy dough was divided into 8
g samples for testing.

Crispy biscuits preparation.

Preheat the oven to be preheated (YXD-60C, Guangzhou Saisida Machinery
Equipment Co., Ltd., Baiyun Branch, Guangzhou, China), the upper heat is 170°C,
the lower heat is 160°C, weigh 8 g of the crispy dough, put it into a fixed mold, press
it into a consistent biscuit shape and slowly the sample into the prepared baking pan.
These samples were baked in an electric oven for 12 min. After baking, the Crispy
biscuits were removed from the oven, left to cool for 1 hour at room temperature, and
packed into hermetically sealed plastic bags to prevent drying. All quality
measurements were performed 1 hour after baking.

Crisp dough measurements.

Pasting properties.

The gelatinization characteristics of mix flour with bean dregs were determined
by RVA (TecMaster, Newport scientific instruments LTD., Australia). According to
Jiang et al. (2020) method with minor modifications. 3 g of mixed powder and 25 mL
of water were placed in an RVA- dedicated aluminum box. After stirring evenly, the

aluminum box was put into the instrument for measurement. Heating and cooling
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procedures were adopted: Temperature was maintained at 50 °C for 1 min, then heated
to 95 °C in 3.7 min. After that the temperature was maintained at 95 °C for 2.5 min
and then cooled from 95 °C to 50 °C in 3.8 min. The tests were performed in the
programming heat and cooling cycle of the STD1. The pasting parameters included
peak viscosity, trough viscosity, breakdown viscosity, final viscosity (FV), setback
(SB) which obtained from recorded curves.

Texture analysis.

Texture characteristics were measured by the TA-XT Plus Texture Analyzer
(Stable Micro Systems, London, UK). The method was based on the research of Meng
et al. (2021). Measurements were carried out at room temperature 30 min after the
doughs were made. The instrument was calibrated with a 1 kg load cell. The P36R
probe was used to calibrate the distance with the 30 mm return trigger path.
Parameters were set as follows: pretest peed, 2 mm/s; test speed, 1 mm/s; posttest
speed, 1 mm/s; strain, 70%; interval time, 5 s; trigger type, auto, 5 g. Textural
parameters, such as hardness, cohesiveness, gumminess, chewiness, springiness and
resilience were obtained.

Color of crisp dough and biscuits.

The color (L, a*, b*) values of the crackers were determined by portable color
difference meter (Cr-400 chromatic aberration meter Minolta, Japan). Color
measurements were made of crust. All measurements were conducted at least three
times.

Crispy biscuits measurements.

Texture analysis.

Crispy biscuits texture was determined by the TA-XT Plus Texture Analyzer
(Stable Micro Systems, London, UK). The complete biscuits were placed on the test
bench of the texture tester, and The TPA test was carried out with the P/5 probe.
Parameters were set as follows: pretest peed, 1.0 mm/s; test speed, 0.50 mm/s; posttest
speed, 1 mm/s; strain, 30%; interval time, 5 s. Textural parameters, such as hardness,
springiness, adhesiveness, chewiness were obtained. Measurements were performed

on biscuits (5 mm thick), and the mean of the four measurements was recorded.
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Scanning electron microscopy (SEM).

The microstructure of crispy biscuits was observed by scanning electron
microscopy (FEI Co., USA). Take the cookie fracture surface and fix it on the sample
table. Then, the samples were scanned and photographed at an accelerating voltage
of 15 kV at magnification (400 x).

Sensory evaluation.

The sensory evaluation was measured according to the method of Bose and
Shams-Ud-Din (2010) with some modifications. A sensory evaluation of biscuits
containing various levels was evaluated initially for color, flavor and texture by a
panel of 10 panelists (Qiu & Qi, 2018). All the panelists were the post graduate
students of the Department of Food Science and Technology before evaluation. In
this case, 100- point hedonic rating test was performed to asses the degree of
acceptability of these biscuits. Three pieces from each biscuit lot was presented to 10
panelists as randomly coded samples. The test panelists were asked to rate the sample
on a 100-point hedonic scale for color, flavor, texture and overall acceptability.

Single factor test.

According to the above experimental study, the maximum amount of bean
dregs powder added to crisp biscuits was 20 g, a total weight of 100 g of bean dregs
powder and low-gluten flour, with butter, powdered sugar, egg yolk, corn starch,
baking powder and salt as the auxiliary ingredients.

The butter was set as 40 g, 45 g, 50 g, 55 g and 60 g respectively, and the single
factor test was carried out in five gradients to obtain the influence of the dosage of
butter on the sensory evaluation of crisp biscuits.

After the optimal butter dosage was determined, the powdered sugar was set as
16 g, 18 g, 20 g, 22 g and 24 g respectively, and the single factor test was carried out
in five gradients to obtain the influence of the dosage of powdered sugar on the
sensory evaluation of crisp biscuits.

After the optimal powdered sugar dosage was determined, the baking
temperatures were set as 160 °C, 170 °C, 175 °C, 180 °C and 185 °C respectively, and
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the single factor test was carried out in five gradients to obtain the influence of baking
temperature on the sensory evaluation of crisp biscuits.

After the optimal baking temperature was determined, the baking time were set
as 10 min, 11 min, 12 min, 13 min and 14 min respectively, and the single factor test
was carried out in five gradients to obtain the influence of baking time on the sensory
evaluation of crisp biscuits.

Orthogonal test and determine the optimal formula.

According to the single factor test, the amount of butter (A), powdered sugar
(B), baking temperature (C) and baking time (D) were selected for orthogonal test.

Horizontal design of orthogonal experimental factors is shown in Table 2.2.

Table 2.2 — Horizontal design of orthogonal experimental factors of bean dregs

crisp biscuits

Factors
Level |A B C D
Butter (g) Powdered Sugar (g) | Temperature (°C) | Time (min)
1 45 18 170 10
2 50 20 175 11
3 55 22 180 12

Sensory and texture evaluation of bean dregs crisp biscuits.

The determination method was the same as 2.2.19

Production process basic recipe for hard biscuits.

Mix flour (100 g), powdered sugar (25 g), starch (5 g), baking powder (1 g) and
salt (0.5g) evenly, then add egg yolk (20 g) and water (30 mL), grasp and mix evenly,

and finally add soybean oil (5 g) to mix into dough, then put into a noodle making
machine, place the dough in a tablet press and shape using biscuit cutter. Preheat the
oven in advance, bake at upper heat 190 °C, lower heat 180 °C, bake for 10min. Leave
to cool at room temperature for 1 hour, then put the biscuit in an airtight bag to prevent
drying.
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Operating essentials.

a. The dough should rest at 35 °C-40 °C.

b. After the dough is left to rest, knead, rub, drop and knead vigorously until
the dough is smooth and cover with cling film and leave to rest for 10 min.

c. Continue to knead for 2 min, make gluten to achieve the strongest structure,
soft and hard moderate, the surface has a beautiful luster.

d. Divide it into dosage forms, adjust the dough press to 3 g, roll it into dough
with uniform thickness, complete shape and smooth surface, and press it into shape
with biscuit mold.

Hard dough measurements.

Pasting properties.

The gelatinization characteristics of mix flour with bean dregs were determined
by RVA (TecMaster, Newport scientific instruments LTD., Australia). According to
Jiang et al. (2020) method with minor modifications. 3 g of mixed powder and 25 mL
of water were placed in an RVA -dedicated aluminum box. After stirring evenly, the
aluminum box was put into the instrument for measurement. Heating and cooling
procedures were adopted: Temperature was maintained at 50 °C for 1 min, then heated
to 95 °C in 3.7 min. After that the temperature was maintained at 95 °C for 2.5 min
and then cooled from 95 °C to 50 °C in 3.8 min. The tests were performed in the
programming heat and cooling cycle of the STD1. The pasting parameters included
peak viscosity, trough viscosity, breakdown viscosity, final viscosity (FV), setback
(SB) which obtained from recorded curves.

Rheological analyses.

The rheological properties were determined by Li, Hou, Chen and Gehring
(2013). In brief, the rheometer (HAAKE MARS 111006-1576 Version 1.3, Thermo
Scientific, Germany) was used to analyzed the dough rheological behavior. The
measurement system adopted the geometry of parallel-plate (40 mm diameter), to
maintain the temperature at 25 °C. The thawed dough was placed between two parallel
plates and compressed into a gap (1 mm). The samples were then pushed between the

plates for 5 min and measured. The frequency sweep test was performanced to
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determine the elastic modulus (G'), viscous modulus (G") and ranged from 0.1 to 10
Hz, the target strain force was 12 Pa, and loss tangent (tan 6) was used as a function
of frequency.

Texture analysis.

The method was based on the research of Meng et al. (2021). Measurements
were carried out at room temperature 30 min after the doughs were made. The
instrument was calibrated with a 1 kg load cell. The P36R probe was used to calibrate
the distance with the 30 mm return trigger path. Parameters were set as follows:
pretest peed, 2 mm/s; test speed, 1 mm/s; posttest speed, 1 mm/s; strain, 70%; interval
time, 5 s; trigger type, auto, 5 g. Textural parameters, such as hardness, cohesiveness,
gumminess, chewiness, springiness and resilience were obtained.

Color of hard dough and biscuits.

The color (L, a*, b*) values of the crackers were determined by portable color
difference meter (Cr-400 chromatic aberration meter Minolta, Japan). Color
measurements were made of crust. All measurements were conducted at least three
times.

Hard biscuits measurements.

Texture analysis.

Hard biscuits texture was determined by the TA-XT Plus Texture Analyzer
(Stable Micro Systems, London, UK). The complete biscuits were placed on the test
bench of the texture tester, and The TPA test was carried out with the P/5 probe.
Parameters were set as follows: pretest peed, 1.0 mm/s; test speed, 0.50 mm/s; posttest
speed, 1 mm/s; strain, 30%; interval time, 5 s. Textural parameters, such as hardness,
cohesiveness, gumminess, chewiness were obtained. Measurements were performed
on biscuits (5 mm thick), and the mean of the four measurements was recorded.

Scanning electron microscopy (SEM).

The microstructure of hard biscuits was observed by scanning electron
microscopy (FEI Co., USA). Take the cookie fracture surface and fix it on the sample
table. Then, the samples were scanned and photographed at an accelerating voltage
of 15 kV at magnification (400 x).
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Sensory evaluation.

The sensory evaluation was measured according to the method of Kang et al.

(2018) with some modifications. The baked biscuits were cooled to room temperature

25 °C for sensory evaluation. The sensory evaluation panel consisted of 10 food

graduate students, who were asked to rate the cookie samples on a 100-point scale for

their shape, color, taste and texture (Table 2.3).

Table 2.3 — Sensory evaluation of bean dregs hard biscuit

Evaluation

of project

Criteria and Points

Shape (a-d)
20 points)

a. The shape is very complete, the thickness is very uniform, no
shrinkage, no deformation, no foaming, concave bottom is very few
- 17-20,

b. The shape is more complete, the thickness is basically uniform,
less shrinkage and deformation, less foaming, concave bottom is
very few - 14-17,

c. Shape is not too complete, thickness is not too uniform, shrinkage
and deformation, more bubbles, more concave bottom - 11-14,

d. Incomplete shape, uneven thickness, shrinkage and deformation,

a lot of bubbles, concave bottom is very much - 8-11,

Color (e-h)
(20 points)

e. The color is very uniform, shiny, no coke, too white phenomenon
- 17-20,

f. The color is basically uniform, luster is not obvious, there are
few too coke, too white phenomenon - 14-17,
g. The color is not uniform, poor luster, a small amount of coke, too
white phenomenon - 11-14,

h. The color is not uniform, the luster is very poor, there are a lot of

over-coke, over-white phenomenon - 8-11.
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Flavor and
taste (i-I)
(40 points)

I. The palate is crisp, not sticky to teeth, strong fragrance, no
peculiar smell, moderate sweet and light - 34-40,
J. The taste is crunchy and not sticky, with strong fragrance and
slight odor. It is sweet or light - 28-34,

k. The taste is not too crunchy, a little sticky, weak, smelly, too sweet
or too bland, tasteless in the mouth - 22-28,

I. The taste is not brittle, sticky teeth, very weak fragrance, a great

smell, very sweet, strong discomfort after the mouth -  16-22.

organization
(m-p)
(20 points)

m. The cross - section structure is clear, crisp and loose, not greasy
17-20

n. The cross - section structure level is clear, the crispness is poor or
slightly greasy - 14-17,

0. The cross - section structure is quite clear, the crispness is poor,
hard or greasy - 11-14,

p. The cross section structure is not clear, hard and greasy texture,

more cracked biscuits, easy to slag - 8-11.

Single factor test.

According to the above experimental study, the maximum amount of bean

dregs powder added to hard biscuits was 10 g, a total weight of 100 g of bean dregs

powder and flour. With flour, powdered sugar, egg yolk, starch, baking powder and

salt as the auxiliary ingredients, using water and soybean oil mix.

The water was set as 26 mL, 28 mL, 30 mL, 32 mL and 34 mL respectively,

and the single factor test was carried out in five gradients to obtain the influence of

the dosage of water on the sensory evaluation of hard biscuits.

After the optimal water dosage was determined, the powdered sugar was set as

219, 23 g, 25 g, 279 and 29 g respectively, and the single factor test was carried out

in five gradients to obtain the influence of the dosage of powdered sugar on the

sensory evaluation of hard biscuits.
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After the optimal powdered sugar dosage was determined, the baking
temperatures were set as 180 °C, 185 °C, 190 °C, 195 °C and 200 °C respectively, and
the single factor test was carried out in five gradients to obtain the influence of baking
temperature on the sensory evaluation of hard biscuits.

After the optimal baking temperature was determined, the baking time were set
as 8 min, 9 min, 10 min, 11 min and 12 min respectively, and the single factor test
was carried out in five gradients to obtain the influence of baking time on the sensory

evaluation of hard biscuits.

Orthogonal test and determine the optimal formula.
According to the single factor test, the amount of water (A), powdered sugar
(B), baking temperature (C) and baking time (D) were selected for orthogonal test.

Horizontal design of orthogonal experimental factors is shown in Table 2.4.

Table 2.4 — Horizontal design of orthogonal experimental factors of bean dregs
hard biscuits

Factors
Level A B C D
Water (mL) | Powdered Sugar (g) | Temperature (°C) | Time (min)
1 28 23 185 8
2 30 25 190 9
3 32 27 195 10

Sensory and texture evaluation of bean dregs hard biscuits.

The determination method was the same as 2.2.27.


javascript:;
javascript:;
javascript:;

84

2.3 Planning an experiment and conducting a research

On Fig. 2.1 presents a scheme for conducting research and planning experiments.

% Bean dregs ~
Single technology Combination technology
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Figure 2.1 — Planning an experiment and conducting a research
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Figure 2.2 presents the Technology Roadmap
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2.4 Statistical processing of research results

Experiments were conducted in triplicate, and the obtained data were
statistically analyzed and expressed as the means + standard deviation (SD). Data
were subjected to analysis of variance (ANOVA) using the software package SPSS
12.0 for Windows (SPSS Inc., Chicago, USA) and p <0.05 was used as the standard

for significance.
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Conclusions on section 2

1. This work was financed by Central government guiding local scientific and
technological development projects (No. 2021), the Program of Xinxiang Major
Scientific and Technological Project (No. ZD2020003); and Science and Technology
Projects in Henan Province (grant number 19A550007).

2. The work was carried out for the period from 2018 to 2019 at the departments
of Sumy National Agrarian University, and the period from 2019 to 2021 at the food
department of Henan Institute of Science and Technology.

3. Objects of the study - Bean dregs: wet bean dregs were obtained at local
market (Fresh okra has high moisture content, bad taste and mouth feel, and is difficult
to store).

4. The subject of the study — is the effects of different physical technology on
compositions and characteristics of bean dregs; effect of ultrafine grinding technology
combined with high-pressure, microwave and high-temperature cooking technology
on the physicochemical properties of bean dregs; effect of bean dregs powder treated
by U-M on dough properties and quality of crisp biscuits; effect of bean dregs
powder treated by U-M on dough properties and quality of hard biscuits.
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SECTION 3.
EFFECT OF ULTRAFINE GRINDING TECHNOLOGY COMBINED WITH
HIGH-PRESSURE, MICROWAVE AND HIGH TEMPERATURE COOKING
TECHNOLOGY ON COMPOSITIONS, CHARACTERISTICS AND THE
PHYSICOCHEMICAL PROPERTIES OF BEAN DREGS

3.1. Effect of physical technology on SDF content of bean dregs

Several physical techniques were applied to increase the SDF content of bean
dregs in this work. The influence of U combined with HP, M or HTC treatments on
the SDF content of bean dregs were shown in Fig. 3.1. The changes in SDF content
were related to the ratio of solid to liquid of the samples. The SDF content increased
with increasing moisture content in the bean dregs during U-HP treatment at 150 MPa
for 10 min (Fig. 3.1A). When the ratio of solid to liquid was 1:7 (W/V), the content
of SDF was the highest (18.86%). However, the SDF content decreased when the
ratio of solid to liquid was greater than 1:7. The SDF content of bean dregs increased
with increasing pressure but decreased when the pressure was higher than 150 MPa
under the solid-liquid ratiol:7 for treatment 10 min (Fig. 3.1B). Thus, an appropriate
pressure of 150 MPa should be chosen to obtain the maximum SDF content. The
content of SDF in bean dregs increased with increasing U-HP treatment time and
reached a maximum value at 10 min under the solid-liquid ratiol:7 and at 150 MPa
(Fig. 3.1C). Therefore, the optimal conditions for the combined U-HP treatment were
as follows: solid-liquid ratio of 1:7, pressure of 150 MPa, and treatment time of 10
min. The highest SDF content in the bean dregs was 18.86%.

In the U-M treatment, the trend for the SDF content in bean dregs with different
solid-liquid ratios was the same as that of the U-HP treatment, and the SDF reached
13.71% when the solid-liquid ratio was 1:7 (W/V) at medial heat for 6 min (Fig. 3.1D).
When the microwave was operated at the high power level for 6 min under the solid-
liquid ratiol:7, the maximum value of SDF in bean dregs rose to 19.23% (Fig. 3.1E,
F).
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The SDF content in the bean dregs treated with U-HTC decreased with
increasing water content; the highest SDF content was obtained when the solid-liquid
ratio was 1:3 (W/V), and the lowest SDF content was found at a solid-liquid ratio of
1:7 at 121 C for 20 min (Fig. 3.1G). Interestingly, the content of SDF in bean dregs
first increased and then decreased with increasing temperature, and the SDF content
reached a maximum (16.89%) after heating at 121 »C for 20 min under the solid liquid
ratiol:7 (Fig. 3.1H, 1).

The above results show that the optimal conditions for U-HP were a 1:7 ratio
of ultrafine bean dregs to water and a pressure of 150 MPa applied for 10 min. The
optimal conditions for U-M were a 1:7 ratio of ultrafine bean dregs to water and high
power irradiation for 6 min. The optimal conditions for U-HTC were a 1:3 ratio of

ultrafine bean dregs to water and heating at 121 °C for 20 min.
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Figure 3.1 - The effect of physical combined technology on the contents of SDF in
bean dregs
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Fig. 3.2 compared the effect of optimal combined technology and single
technology with control on the SDF content in bean dregs. The content of SDF in
bean dregs increased after single and combined techniques. For the single treatments,
the highest SDF content was obtained in ultrafine grinding samples, and the SDF
increased from 1.63% (in the control sample) to 15.15%; the SDF content for the M
and HTC technology was 13.84% and 13.87%, respectively. The lowest value was
found for high pressure technology, which only provided an increase to 10.40%.
Zhang et al. (2009) reported that the dietary fiber content of OSDF (oat bran soluble
dietary fiber) increased in steam heating, superfine grinding, extrusion, and untreated
oat bran compared with raw oat bran. It was claimed that HHP (high hydrostatic
pressure) and HPH (high pressure homogenization) treatments could influence on the
characteristics of dietary fiber obtained from purple potatoes and increase the soluble
dietary fiber content (Xie et al., 2017).
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Figure 3.2 - The effect of physical technology on the contents of SDF in bean dregs

Fig. 3.2 showed the combined technology may have greater effects than any single

technology. The maximum content of SDF was found in the sample treated with the
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U-M combination, and the SDF content was 19.23%, which increased 91.52%
compared with the control, and the value was increased by 28.03% compared with
that of single M treatment. There was significant (p < 0.05) difference between
combinations U-HP and U-M for SDF increase in bean dregs, while the amount of
SDF produced in the combination U-HTC was lower than U-HP and U-M
technologies. Therefore, the combination of physical technology could be chosen to
obtain the maximum SDF content. The reason for the enhancement in SDF content
might be that different physical treatments loosened the tight structure of fiber, and
thus, some substances binding with fiber were depolymerized. Obviously, ultrafine
grinding has been proven to be an effective way redistributing fiber components from
insoluble to soluble fractions (Zhu, Huang, Peng, Qian & Zhou, 2010). In addition,
the conversion of insoluble to soluble fiber might depend on water, treatment time
and temperature. Wet-heat treatment could increase accessibility to the cell wall
matrix and facilitate cleavage of some bonds between polysaccharides (Mateos-
Aparicio & Mateos-Peinado, 2010), in this article, U-M and U-HTC treatments could
further enhance this effect. These results revealed that the combined technique had a
better effect than any single technique in increasing SDF content, which was
attributed to the secondary destruction of HP, M and HTC treatments on ultrafine
grinding bean dregs. Especially under wet-heat conditions such as M or HTC
treatments, bean dreg particles expanded, resulting in fiber fracture and outflow of

soluble components.

3.2. Effect of physical technology on the protein content of bean dregs

Fig. 3.3 showed that the protein content in bean dregs decreased greatly after
physical technology treatment with either single techniques or with combined
techniques. In the single technical treatments, the protein content in bean dregs after
U, HP, M and HTC treatments decreased from 23.46% to 11.96%, 16.30%, 12.85%
and 13.09%, respectively. The protein contents in bean dregs were further reduced
after combination treatments. The U-M and U-HTC combinations exhibited no

difference in protein content compared with the single techniques, while the U-HP
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treatment greatly decreased the protein content. Interestingly, the results of the single
HP treatment differed significantly from those of the combined U-HP treatment.
Single treatment with U and the combination U-HP had the greatest impact on protein
content, as compared with that of the control sample, since protein content was
decreased by 49.02% and 57.80%, respectively. These results were consistent with
the report of Zhang et al. (2009), who found that the total protein content of OSDF
decreased after steam heating, superfine grinding and extrusion treatments. However,
Li et al. (2012) reported that extrusion had no significant (p > 0.05) effect on protein
level (Li et al., 2012). The drop in protein level during the U-HP combination
treatment may be the result of isopeptide bond formation between g-amine groups of
lysine and amide groups of asparagines or glutamine, which is accompanied by the
release of ammonia during the processes of grinding and applying pressure (Sobota,
Sykut-Domanska & Rzedzicki, 2010). The effects of different treatments on the
content and functional properties of protein were different, possibly because the
protein contained in the samples denatured, stretched or aggregated under these
treatment (Spotti & Campanella, 2017).
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Figure 3.3 - The effect of different treatments on the contents of protein in bean dregs
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3.3. Particle size distributions of bean dregs treated by different techniques'

The laser particle size analyzer (LPSA) technique is an effective method by

which the particle size distribution of a powder sample can be determined. Table 3.1

listed the effects of different treatments on the particle size distribution of bean dregs.

Table 3.1 - Particle size distribution of bean dregs treated by different treatments

Treatme Particle size parameters (um)
nt D@4,3 [ D@32 | D10 D25 D50 D75 D90
Control 144.70+ 40.95+ 25.79+ 63.61+ 131.30+ 214.00+ 289.40+
1.36a 0.3a 0.21a 0.88a 1.18a 11.41a 3.32a
U 93.07+ 25.28+ 13.03+ 30.89+ 69.52+ 133.60+ 212.55+
1.36d 0.30de 0.53e 0.88e 1.18f 1.41c 3.32b
HP 134.95+ 39.23+ 23.19+ 55.65+ 119.40+ 199.60+ 277.30+
0.49b 1.78a 0.04b 0.42b 0.71c 0.57b 0.28a
M 127.30+ 3297+ 16.11+ 41.94+ 109.75+ 194.35+ 274.60+
1.70c 0.06¢ 0.59d 1.30c 2.33d 2.05b 1.84a
HTC 138.60+ 36.75+ 19.19+ 53.87+ 124.65+ 208.50+ 285.65+
2.97b 0.48b 0.51c 1.92b 3.18b 5.09a 4.74a
U-HP 35.67+ 14.53+ | 5.9940.1 | 12.54+0. | 27.43+1.7 | 51.75£7. | 79.55+16.4
5.22¢ 0.39f 49 54f 89 50d 2d
U-M 95.76+4.6 | 26.42+ 13.27+ 35.29+ 7891+ 137.35+ 204.75+
6d 0.78d 0.65e 1.78d 4.35e 6.58¢c 9.69bc
U-HTC 90.04+ 23.72+ 10.78+ 30.27+ 72.66+ 131.00+ 196.55+
1.65d 1.38e 0.35f 0.70e 1.56f 2.55¢ 3.32c

As expected, some parameters were decreased significantly (p < 0.05) by

different physical technologies as compared with those of the control. The D (4, 3)
diameters were 35.67 um, 95.76 um and 90.04 pm after U-HP, U-M, and U-HTC

treatments, respectively. It is worth noting that the combined U-HP treatment had the

greatest effect on the particles of bean dregs. As shown in Table 3.1 the particle size

of bean dregs was smallest (69.52 um) after ultrafine grinding among all single

technology treatments. U-HP treatment significantly (p < 0.05) reduced the particle
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size of bean dregs (27.43 um), and the difference between D (3,2) and D (4,3) was
the smallest. These results indicated that the apparent shape and particle size
distribution of bean dregs treated with U-HP were more regular than those of dregs
treated with the other techniques. D50, the median particle size, is a typical parameter
used to represent particle size, and it indicates that 50% of the particles measured in
the sample have a particle size greater than this value. As shown in Table 3.1 the D50
of bean dregs by U treatment decreased compared with that of the control. However,
D50 of bean dregs significantly increased (p < 0.05) after combined with M or HTC
treatments. It was probably because the van der walls forces and electrostatic
attractions on the surface of fine particles increased, which promoted the aggregation
of dietary fiber particles (Antoine, Lullien-Pellerin, Abecassis & Rouau, 2004; Zhang
etal., 2016).

3.4. Mineral content analysis of bean dregs

Minerals are the inorganic chemical elements necessary to maintain the normal
physiological functions of the human body. Table 3.2 summarized the effects of
physical technology on the mineral content of bean dregs. Both single treatments and
combination treatments significantly affected the mineral content of bean dregs. The
highest contents of Se and Sn were found in the samples by U treatment. The
combination technology could significantly increase (p < 0.05) the contents of K, Ca,
Na and Fe of bean dregs. HP technology significantly increased (p < 0.05) the contents
of K, Mg, Zn, Cu, Mn and As, and U-HP combination increased the contents of Ca,
Na, Fe, Ti and Sr. The highest mineral contents in the control bean dregs were those
for K (9130 mg/kg) and Ca (2591 mg/kg). However, compared with the control group,
the K content reached 13,283 mg/kg in the sample subjected to the HP treatment, an
increase of 31.27%, and the Ca content in the combination U-HP treatment reached
3804 mg/kg, an increase of 31.89%. Single-treatment M and HTC techniques reduced
the contents of K, Ca, Mg and Zn element, consistent with Alajaji and EI-Adawy
(2006), who found that cooking treatments and microwave cooking decreased mineral

contents of chickpea seeds.
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Table 3.2 - The effect of different treatments on the contents of minerals in bean dregs

(mg/kg)
Elem | Control | U HP M HTC |U-HP |U-M U-HTC
ents
K 1913042 | 1086741 | 132831 | 828546 | 781348 | 766046 | 10458+1 | 10989+
0.00d |[22.05b |03.91a |4.05e |7.03f |256f |14.37c |99.08b
Ca | 959143 | 3004436 | 3014424 | 249249 | 222649 | 380443 | 2776482 | 278549
3.72d | .91b 21b 3.22d |5.60e |7.50a |.89c 7.08¢
Na 191+ [412+ 123+ 147+ | 136+ | 237246 | 422+ 431+
353d [1050b |12.22cd |10.15¢ |4.04cd |9.90a |13.20b | 12.34b
Mg | 130043 | 1520+ | 1908+ | 1124+8 | 1024+4 | 1800+7 | 1346+ | 1414+
158 |25.24c |76.53a |8.07f |0.26f |8.68b |60.85de |91.28d
74| B T 14+ 54 54 10+ |8+ O+
1.00b |058c |202a |050d |057d |1.00bc |0.69c | 0.57c
Fe |50+ 66+ 58+ 534+ 46+ 77+ 73+ 67+
404d |35l1b |250e |252cd |[153d |3.21a |4.53ab |3.51b
Cu |ogs 9+ 12+ 84 54 10+ 84 Ot
1.00b |1.04b |150a |153b |073¢ |1.150 |053b | 0.73b
Mn | 9+ N 10+ 6t 5+ 5+ 6t 7
1.00a |073b |1.01a |0.75c |066c |067c |1.03c |1.02c
As |33+ 19+ 47+ 16+ 30+ 34+ 45+
208b |1.0l1c |201a |25lc |- 208b [208b |251a
Se |45+ 62+ 55+ 30+ 11+ 43+ 38+ 55+
1.05c |3.00a |253b |252 |201f |256¢cd |501d | 6.66b
Sh 136+ 58+ 41+ 21+ 38+ 40+ 55+ 23+
265b |354a |1.01b |200c |252b |4.04b |4.16a |2.00c
TH 113+ |63+ 110+ 171 | 67+ 131+ | 109+ 130+
252¢c |450d |150c |65la |351d |153b |4.04c |252b
St | 16+ 21+ 19+ 16+ 11+ |49+ 21+ 20+
256c |1.60b |2.00bc |252c |051d |15la |153b | 0.55b

While the combination of U-M and U-HTC treatments greatly increased the K

and Ca contents. Microwave technology (M) and the combination of U-HTC greatly

decreased the content of Sn. The element, as was not detected in the samples treated

by HTC treatment. It was reported that the particle size could influence the release

and dissolution of active components. Since the initial particle size of the ultrafine

bean dregs was small, and the release of mineral elements in samples might be
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enhanced by the high-temperature conditions (Zhang et al., 2016), such as U-M and
U-HTC techniques. Hence, the loosened microstructure of bean dregs treated with
combination treatments might help the exposure of mineral elements in the samples.

As a result, the amount of some elements measured increased dramatically.

3.5. Scanning electron microscopy (SEM) observation

SEM images of bean dregs subjected to different treatments are shown in Fig.
3.4. The surface of the control sample had a loose sheet structure with many folds,
and the fiber bundle exhibited an ordered structure (Fig. 3.4a). This is consistent with
the results of Li et al. (2019). After various physical treatments, the microstructure of
bean dregs had changed greatly. The surfaces of treated bean dregs were rough,
irregular and full of holes compared with those of control samples. Whole layered
structures and the internal structure of bean dregs treated by U treatment were strongly
stirred and ground by the machine, and the lamellar structure of the bean dregs was
degraded into scattered small fragments (Fig. 3.4b). After HP treatment, the lamellar
structure became loose, and the number of surface gullies increased (Fig. 3.4c). Under
U-HP, the honeycomb structure of the bean dregs was more obvious and the structure
became more uniform, porous and fluffy (Fig. 3.4d). The molecular structure of bean
dregs was destroyed due to the strong thermal effect imposed during microwave
treatment, leading to formation of more gullies and skeletons, but the lamellar layer
was relatively flat (Fig. 3.4e). After the combined U-M treatment, particles were small
and the internal structure was fragmented (Fig. 3.4f). Comparison with control bean
dregs showed that the HTC treatment destroyed the integrity of the surfaces of the
dregs and made the structure coarser and more irregular (Fig. 3.4g). This might be
due to that the aggregation reaction by the wet heat of HTC treatment. After the U-
HTC treatment, the large sheet structure was cracked into small fragments, and the
internal nucleated structure was disintegrated into small particles at high temperature
and frequency (Fig. 3.4h). The results of SEM were consistent with the results of
particle size distribution. The particle sizes of bean dregs were significantly reduced

(p < 0.05) by the application of ultrafine grinding technology. The porous structure
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of treated bean dregs might be due to the cell rupture caused by U, HP, M energy
absorption or HTC treatments. The specific surface area of bean dregs increased with
the increase of porosity, and more hydrophilic groups were exposed (Huang, Ma,
Peng, Wang & Yang, 2015), which might enhance the function and physicochemical
properties of bean dregs. The porous structures were very important for improving

the adsorption and other functional properties of dietary fiber (Lin et al., 2020).

Figure 3.4 - Scanning electron micrographs of bean dregs treated with different

treatments
(a: control bean dregs; b: ultrafine grinding; c: high pressure; d: ultrafine grinding-
high pressure; e: microwave; f: ultrafine grinding- microwave; g: high temperature

cooking; h: ultrafine grinding- high temperature cooking. All 2500 x magnification).

3.6. Analysis of SDS-PAGE

SDS-PAGE was used to detect the molecular weight distribution of proteins.
As shown in Fig. 3.5 the number of protein bands from bean dregs treated by ultrafine
grinding, high pressure and both was the same as that of the control sample. (Fig. 3.5,
bands 1, 2 and 5). However, the number of bands in bean dreg samples treated by M,
HTC, U-M and UHTC treatments decreased considerably (Fig. 3.5, bands 3, 4, 6 and
7). The U treatment had no effect on the content of protein subunits in bean dregs. HP
and U-HP treatments had some effect on the molecular weights of the proteins, and
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the colors of the bands in the molecular weight range 55-180 kD were obviously less
intense (Fig. 3.5, bands 2 and 5).
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Figure 3.5 - SDS-PAGE pattern of bean dregs at different treatments
(Lanes: M, molecular weight standard; 0, control bean dregs; 1, ultrafine grinding;
2, high pressure, 3, microwave; 4, high temperature cooking; 5, ultrafine grinding-

high pressure; 6, ultrafine grinding-microwave; 7, ultrafine grinding-high

temperature cooking)

With the application of high pressure, water molecules entered the binding
regions of each subunit, resulting in the formation of noncovalent bonds and unstable
connections between subunits in these regions and ultimately leading to
depolymerization (Silva, Foguel & Royer, 2001). After the M and U-M treatments,
the protein bands for molecular weights above 90 kD became lighter in color (Fig.
3.5, bands 3, 4 and 7). It was reported that superheat treatment caused the proteins to
agglomerate and form protein polymers, which made it difficult to enter the separation
glue (Hu, Wang, Zhu & Li, 2017). Moreover, bands for proteins with molecular
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weights ranging from 15 to 40 kD were lighter in color in the samples treated by the
microwave and U-M methods. This is probably because of the large amount of protein
involved in protein polymers (Wang, Guo & Zhu, 2016) or the exchange of
hydrophobic-disulfide bonds and noncovalent bond reactions occurring during
superheat treatment (Lagrain, Brijs, Veraverbeke & Delcour, 2005). After HTC and
U-HTC treatment, the protein bands had disappeared completely (Fig. 3.5, bands 4
and 7). It can be seen from the figure that the single treatments M and HTC and the
combined treatments U-M and U-HTC had great influence on the molecular weights

of protein.

3.7. Changes in trypsin inhibitors in bean dregs after treatment

Anti-nutritional factors (ANFs) are substances that have a negative effect on
the digestion, absorption, and utilization of nutrients, as well as adverse reactions that
affect humans and animals. Few anti-nutritional factors are found in legumes that
usually inhibit the bioavailability of many nutrients, such as trypsin inhibitors, phytic
acids, and hemagglutinins. These anti-nutritional factors limit the nutritional
properties of bean dregs and influence the digestibility of certain nutrients
(Akpapunam & Sefa-Dedeh, 1997). Bean dregs contain three antinutritional factors:
trypsin inhibitors, lectins and goitrogens, and the most important is trypsin inhibitors,
which typically reduce protein digestion, inhibit animal growth and cause pancreatic
enlargement. They mainly exist in legumes and can be eliminated or diminished by
heating and other physical techniques. Reducing the content or activity of anti-
nutritional factors effectively improves the utilization of soybean nutrients. The
changes in trypsin inhibitor in the control sample and bean dregs caused by combined
treatments are shown in Fig. 3.6. The TIA was significantly (p < 0.05) reduced by
single treatments and combination treatments. The lowest TIA was produced by U-
HTC, followed by HTC treatment. Similar results were obtained by Alajaji and El-
Adawy (2006), who found a significant reduction in trypsin inhibitor activity after
cooking treatment (p < 0.05). Under the conditions of HTC and UHTC treatments,
the TIA was decreased from 7365 TIU/g to 1210 and 96 TI1U/g, respectively. However,
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the effects of non-heating treatments (U, HP and U-HP) on the reduction of trypsin
inhibitor content were much inferior to those involving heat treatment. This indicated
that heat treatment effectively reduced trypsin inhibitor activity, which was consistent
with the research of Machado et al. (2008). Therefore, trypsin-inhibiting factors were
reduced during heat treatment and this promotes the digestion and absorption of

soybean nutrients by humans and animals.
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Figure 3.6 - Effect of combination treatment on the trypsin inhibitor in bean dregs

3.8. Processing performance of bean dregs

The solubility and hydration properties of dietary fiber are closely related to its
structure, porosity, particle size and the type of treatment exerting on it (Foschia,
Peressini, Sensidoni & Brennan, 2013). The water solubility of bean dregs enriches
their application in water-soluble foods and improves their physiological function. As
shown in Table 3.3. different treatments increased the water solubility of bean dregs.
The water solubility of bean dregs made by U treatment increased by 16.56%
compared with that of the control. The solubilities of bean dregs from the combined
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treatment were higher than those from the single treatment. This might be because the
dense structure of bean dregs was loosened and more hydrophilic groups were
exposed during the applications of pressure, crushing or heat treatment. As reported
by Li et al. (2019), the solubility of bean dregs increased significantly after steam
explosion treatment. The swelling capacity of bean dregs after treatments with the
single techniques U, HP, M and HTC decreased by 8.56%,17.16%, 5.71% and 2.79%,
respectively, compared with the control, and the combined treatments U-HP, U-M
and U-HTC reduced the swelling capacity of bean dregs by 40.03%, 31.45% and
37.17%, respectively. Obviously, the combined treatments had greater effects on the
swelling capacity of bean dregs than the single treatments, which might be attributed
to particle size reduction or the alteration of the fiber matrix structure, thus resulting
in the changes of physical structures and hydration properties of dietary fiber
(Sangnark & Noomhorm, 2003; Zhu et al., 2010). Table 3.3 listed the absorption
capacities of bean dregs for peanut oil and lard. It was found that the fat absorption
capacities of bean dregs for peanut oil and lard were similar. Among all of the
treatment methods, only the M treatment significantly increased (p < 0.05) the
adsorption capacity of bean dregs for lard. The fat adsorption capacities of bean dregs
treated by different technologies were significantly different (p < 0.05). The bean
dregs treated by a single technology had high fat adsorption capacities, while the
combined technologies led to relatively low fat adsorption capacities. On the one hand,
this was mainly related to the changes in bean dreg particle sizes. In this paper, the
particle sizes after the combined treatments were smaller than those produced after
the single treatments, and the oil absorption capacities of the combined treatments
were lower than those of the single treatments. This is inconsistent with the report of
Jia et al. (2020). They studied the oil absorption capacity of Auricularia polytricha-
derived dietary fiber and found that the oil absorption capacity of the sample with
smaller particle sizes was larger. On the other hand, this was closely related to the
protein structures of bean dregs. The depolymerization of proteins in bean dregs might

lead to decreases in fat absorption capacity. These results showed that the absorption
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capacities of bean dregs for peanut oil and lard treated with U-HP were reduced by

47.97% and 44.78%, respectively, compared with the control.

Table 3.3 - Hydration characteristics and fat absorption capacity of bean dregs

Physical Water Swelling capacity | Fatabsorption capacity (g/g)
technology | solubility (%) (g/mL) Peanut oil Lard

Control 10.13+0.13¢ 13.99+0.13a 1.48+0.03a 1.34+0.02b
U 12.14+0.16d 12.79+0.12d 1.00+0.0.03¢c 1.05+0.03¢
HP 11.09+0.18f 11.59+0.22¢ 1.36+0.04b 1.33+0.02b
M 11.73+£0.12¢ 13.19+0.16¢ 1.48+0.01a 1.49+0.03a
HTC 11.63+0.14¢ 13.60+0.19b 0.95+0.02c 0.86+0.03¢
U-HP 13.40+0.22b 8.39+0.15h 0.77£0.03¢ 0.74+0.04f
U-M 13.89+0.14a 9.59+0.17f 0.97+0.02¢ 0.93+0.03d
U-HTC 12.98+0.13¢c 8.79+0.11g 0.86+0.03d 0.82+0.02¢

3.9. The effect of different treatments on cationic adsorption capacity of
bean dregs

As shown in Fig. 3.7 the order of cationic adsorption capacity of bean dregs
treated by different methods was M < HTC < Control< HP < U-HTC < U < U-HP.
Different processing techniques had different effects on the cationic adsorption
capacities of bean dregs. Relevant literature showed that cationic adsorption capacity
Is related to particle size; the smaller the particles are, the stronger the cationic
adsorption capacity of the sample (\Wang, Ciou & Chiang, 2009). Different treatment
methods could change the particle size distribution of the bean dregs, especially the
bean dregs treated by the combination technology contained smaller particles, so they
had stronger cationic absorption capacity. In addition, when bean dregs dietary fiber
In high pressure treatment, under the action of high-speed impact, shear, cavitation,

Instantaneous pressure droped, etc., exposed more hydroxyl, carboxyl, amino and
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other attractive cationic groups. Generally, the adsorption of ions onto cellulose
occurs via displacement reactions. The samples by different treatments might expose
more surface area, uronic acids or ion binding sites on the dietary fiber and
consequently increase the cation-exchange capacity to different extents (Chau, \Wang,
& Wen, 2007). It can be exchanged with Ca,*, Zn,*, Cu,", and Pb," plasma and can
exchange Na* and K*; that is, bean dreg powder in the intestinal tract can absorb Na*
and discharge it from the body, thereby reducing the incidence of cardiovascular and
other diseases. Therefore, the processing methods were also crucial to the final

properties of bean dregs.
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Figure 3.7 - The effect of different treatments on cationic adsorption capacity of

bean dregs

3.10. Water distribution in bean dregs by different treatments based on

low-field nuclear magnetic resonance (LF-NMR)

LF-NMR has been widely used in the study of water distribution and migration
in food samples (Chen, Tian, Tong, Zhang & Jin, 2017) and beef (Kang, Gao, Ge,
Zhou & Zhang, 2017). This technique can effectively and nondestructively determine
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the change of water relaxation in samples. Fig. 3.8 shows the relaxation times (T,) of
bean dregs with rehydrating bean dregs after different processing treatments. The
whole and segmented relaxation times are summarized in Table 3.4. In the relaxation
time range of 0.01-10000 ms, all of the bean dregs showed four peaks of Ty1, T2, T2
and T4 appear from left to right, respectively. T,; and T,, represent the bound water,
including the constitution water, the water in the interspace area of the molecules, and
the water combined with polar group of some molecules in bean dregs through
hydrogen bonds; T,3 represents the water that did not easily flow, including water that
was distributed outside the monolayer of water molecules which were bound to ions
or ionic groups; T4 represents free water (Jiang et al., 2021).

As shown in Fig. 3.8 and Table 3.4 the T,; of bean dregs treated with HP, M,
HTC, and U-HP moved to the left, indicating that this part of the water was more
tightly bound with other molecules. In addition, the peak area of the bean dregs treated
with HP and HTC increased slightly, indicating that the amount of bound water
increased. The Ty, of all treated bean dregs moved toward the right compared with
the control, indicating that the mobility of this bound water was enhanced. The T3
and T4 of the U-HP samples were both shifted to the left, indicating the reduced
fluidity of these two fractions of water. Compared with the control, the binding degree
of the bean dregs treated with U treatment to the nonflowing water (T,3) was not
changed, but there was a great change compared with other treatments. The spatial
structure of macromolecules such as protein affected the degree of nonflowing water
(T23) (Sanchez-Alonso, Moreno & Careche, 2014). The T4 of bean dregs treated by
U, M, HTC and U-HTC treatments had no difference and shifted to the right, while
T4 Of bean dregs treated by HP and U-HP treatments shifted to the left. The
influencing the mobility of free water might be related to the size of the interstitial
space between macromolecules. The mobility of free water of the bean dregs treated
by HP and U-HP enhanced due to the smaller interstitial space. The T,; and T4 of
bean dregs treated by U-HP treatment were the lowest, indicating that the degree of

freedom of water decreased.
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Ao, A2z, Azz and Ay represents the proportion of water in different states to the
total water content of the sample. The proportion of A,; in bean dregs treated with HP
and HTC slightly increased and the proportion of bound water (A21+A) in bean dregs
after different treatments increased compared with the control. The proportions of A,
in the bean dregs by combination treatment were higher than those in single treatment
samples and the control. Moreover, the proportions of immobile water (Az3) in the
samples by combination treatments were lower than those in the single treatment
samples and the control. However, the proportions of free water (A.4) in the samples
by the combination treatment were higher than those in the single treatment samples
and the control. The main reason that affects the restraint degree of the combination
water is the hydrogen bonding between the hydrophilic groups in the bean dregs and
the hydrogen protons in the water molecules (Yang et al., 2015). It is speculated that
different experimental parameters could alter the physical structure of fibers, thus
resulting in great changes in their hydration properties (Sangnark & Noomhorm, 2003;
Zhuetal., 2010). In addition, the free water content (Ays) is positively correlated with

the water content (W %) of dried bean dregs.
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Figure 3.8 - The water distribution in the bean dregs by different physical technology
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Table 3.5 - The relaxation time (T,) and peak ratio (A;) of bean dregs with
different physical treatments determined by LF-NMR

W,
Physical Ta, (Ms) Az, (%) )
technology

T21 T22 T23 T24 A21 A22 A23 A24

Control 0.87 |12.328 | 114.976 | 932.603 | 2.136 | 5.263 | 90.947 | 1.654 | 2.91
U 1 12.328 | 114.976 | 1072.267 | 1.389 | 7.423 | 84.724 | 6.464 | 2.65
HP 0.658 | 16.298 | 132.194 | 811.131 | 2.425|8.403 |82.523 | 6.65 |3.54
M 0.498 | 12.328 | 132.194 | 1072.267 | 0.908 | 7.574 | 83.057 | 8.461 | 3.50
HTC 0.572 | 16.298 | 151.991 | 1072.267 | 2.435 | 10.12 | 71.059 | 16.386 | 3.00
U- HP 0.756 | 14.175 | 100 811.131 |0.946 | 11.698 | 61.436 | 25.92 |4.33
U-M 1 16.298 | 132.194 | 932.603 | 1.996 | 10.979 | 65.455 | 21.57 | 4.06
U- HTC 1 16.298 | 132.194 | 1072.267 | 0.168 | 14.777 | 60.017 | 25.039 | 4.35

To1, T2, Toz and Toq are the peak relaxation time of four peaks from left to right
respectively. Az, Az, Azz and Ay, are the peak areas of the corresponding four peaks
respectively; W (%), Moisture content in dried soybean dregs; Peak area (A))
represents the water content at the corresponding relaxation time; Total area

represents total water content.

3.11. The effect of different treatments on the viscosity of bean dreg slurry

The viscosity of bean dreg slurry is an important index to assay its rheological
properties, which represent the frictional resistance generated by the relative
movement between the molecules in the slurry. The effect of the viscosity of bean
dregs is mainly concentrated in the intestine of human. High viscosity of soybean
dregs influences fecal formation. It becomes more gel-like, and gels are evidenced to
provide lubrication to stool (Lyu et al., 2021). The slurry viscosities of bean dregs
under different treatments are shown in Fig. 3.9. For single treatments, the U, HP and
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HTC treatments reduced the viscosity of bean dregs compared with the control, but
the M treatment enhanced the viscosity of bean dregs. There was no difference
between the combination treatments, and the viscosity of bean dregs by U-HP, U-M,
and U-HTC treatments was obviously lower than that of the single treatments. These
results were not completely consistent with the report of Fayaz et al. (2019). They
found soybean okara treated by high-pressure homogenization (HPH) 5 times at 150
MPa and revealed an apparent viscosity approximately 3 times higher than that of the
sample treated at 100 MPa. It has been reported that the viscosity of okara cellulose
increased when treated by chemical methods and high-pressure homogenization.

Perhaps because many small fibers in the suspension effectively disrupt the flow (\Wu
etal., 2021).

3500
3000;
2500;
2000;

1500 -

Viscosity/cP

1000

500 -+

0 1 2 3 4 5
Time (min)

Figure 3.9 - The effect of physical technology on viscosity of bean dregs slurry

3.12. The effect of different treatments on the stability of bean dreg slurry

The bean dreg slurries were placed at room temperature and the changes were
observed at different times. The results were shown in Fig. 3.10. The slurry of bean

dreg by different treatments appeared faint yellow and creamy, and there was obvious
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stratification after standing for 0.5 h. However, the supernatant volume of bean dregs
with different treatments was obviously different (Fig. 3.10a), and the supernatant
became clearer after 8 h (Fig. 3.10b). The difference in supernatant volume may be
related to the solubility, swelling properties or particle size distribution of bean dregs
because the bean dregs were modified after different treatments. The supernatant
volume of the control (Tube 1, Fig. 3.10b) was the smallest. It might be due to that
there were fewer soluble components in fresh bean dregs with larger particle sizes,
and more voids in bean dreg slurry, resulting in a larger precipitation volume. The
supernatant volume of bean dregs treated with different treatments was higher than
that of the control samples. In addition, the supernatant volumes of bean dregs by
single treatments were lower than those of the combined treatments. The supernatant
volume of bean dregs in the U treatment (Tube 2, Fig. 3.10b) was the smallest, while
the supernatant volume of bean dregs in the U-HP treatment (Tube 6, Fig. 3.10b) was
the largest.

After standing for 24 h, the precipitation volume in tube 1 and tube 2 increased,
which may be caused by microbial fermentation, and tube 2 was obviously porous,
while the supernatant volume of other tubes changed little (Fig. 3.10c). After standing
for 48 hand 72 h, microbial infection occurred in tubes 4, 5 and 8, and the supernatant
volume decreased or disappeared (Fig. 3.10d and e). The bean dregs under HP (Tube
3) and U-HP treatment (Tube 6) were the most stable, with little change in supernatant
volume after 72 h (Fig. 3.10e). This is consistent with the report of Xie et al. (2017),
who reported that high hydrostatic pressure (HHP) and high-pressure homogenization
(HPH) treatments decreased the water holding capacity of dietary fibers, but increased
emulsion activity and stability in a manner that could be useful in the food industry
to prolong the shelf life of foods. After standing for a week, there was an odor in every
tube, indicating that each tube was corrupted (Fig. 3.10f).
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Figure 3.10 - The effect of different treatments on the stability of bean dregs slurry
a: 0.5 h; b: 8 h; c: 24 h; d: 48 h; e: 72 h; f: one week. The number of test tube
represents: Tube 1 (control bean dregs); Tube 2 (ultrafine grinding); Tube 3 (high
pressure); Tube 4 (microwave); Tube 5 (high temperature cooking); Tube 6
(ultrafine grinding-high pressure); Tube 7 (ultrafine grinding -microwave); Tube 8

(ultrafine grinding- high temperature cooking)

3.13. Effect of different treatments on the rheological properties of bean dreg
slurry

The dynamic rheology parameters, storage modulus (G') and loss modulus (G"),
reflected the viscoelastic behavior of the sample in a dynamic force field. Fig.3. 11.
showed the variation curves of the G’, G" and tan 6 values with the angular frequency
of aqueous suspension bean dregs under different treatments. All of the bean dreg
slurries exhibited higher values of G’ than those of G, showing more elastic
characteristics. The G’ and G" of bean dreg slurry significantly decreased after
different treatments compared with the control, and the highest values of G' and G”
were shown in the sample by M treatment. The lowest viscoelastic values were found

in the U-HP treatment. These rheological patterns were in great agreement with the
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viscosity results (as shown in Fig. 3.11). In comparison, the G’ and G" of the bean
dregs treated with U and HP were lower than those of M and control samples, and
higher than those of the samples by HTC and all combined treatments. However,
except the M treatment, HTC and all the combined treatments (U-HP, UM and U-
HTC) were at a lower level, and the change trend of the loss factor (tan 6) and G”
have the same trend. The G’ of all samples showed a gradually increasing trend, while

the G" of all samples showed a gradually decreasing trend.
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Figure 3.11 - The effect of different treatments on rheological properties of bean

dregs slurry

Cespi et al. (2011) and Yang, Liu, Li and Tang, (2019) reported that the elastic
properties of cellulose suspensions determined their viscosity. Our results
demonstrated this correlation, and the combination treatments reduced the viscous

and elastic properties of bean dreg suspensions. However, Ma et al. (2019) found that
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an increase in the number of small fibers after chemical and/or mechanical treatment
would increase the viscous (liquid) and elastic (solid) properties (Ma et al., 2019). In
our study, it was found that the combined treatment could reduce the granularity of
bean dreg fiber, but its viscosity and elasticity did not increase. Furthermore, an
increase in the collision force between particles may also lead to an increase in G’. In
addition, the content of dietary fiber in different treated bean dregs was different, and
its water absorption and swelling properties were different. The enhancement of

molecular fluidity can easily lead to a decrease in G".

3.14. Changes in the chrominance and whiteness index of bean dregs after
different physical technology treatments

Chrominance is one of the main factors influencing food quality, which is an
Important trait that strongly influences consumer acceptance of end products (Hu,
Wang, Zhu and Li, 2017). Table 3.6 listed the chrominance parameters of bean dregs
treated by different physical technologies. The bean dregs treated by thermal
treatments (M, HTC, U-M, and U-HTC) had lower values of L*, with dark color and
broiled fragrance. There were no significant differences in the L* parameters of the
U, HP and U-HP groups. Que et al. (2008) reported that hot-drying pumpkin reduced
light color, as indicated by lower L-values than freeze-drying (Que, Mao, Fang & Wu,
2008). Guimares et al. (2020) reported that forced-air oven drying (FAD) okara
reduced light color, as indicated by lower L-values than microwave drying (MWD)
and freeze-drying (FRD), indicating that great browning occurred during heating.
Meanwhile, the low drying temperature did not change the L*, a*, and b* parameters.

Significant differences in the a* and b* parameters were observed between the
control and treated samples. Except for the U-HP treatment, the a* and b* values of
the other treatments were significantly greater than those of the control group. These
changes in the color parameters may be related to the Maillard reaction, which is a
temperature dependent nonenzymatic reaction between reducing sugars and the
amino groups of amino acids or proteins, resulting in the formation of brown pigments
(melanoidins) (Muliterno et al., 2017).
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The HP, M, HTC and U-HTC treatments resulted in higher values in the AE
(total color difference) of the samples. The whiteness index (WI) was also
significantly affected by different physical treatments. These results demonstrated
that different physical treatments had definite effects on the chrominance of bean

dregs.

Table 3.6 - Effect of different physical treatments on chrominance and

whiteness index of bean dregs

physical L* a* b* AE Wi
treatments

Control 87.62+ 0.46+ 16.36+ - 79.47+
1.55a 0.17e 16.36e 2.10a

U 78.44+ 1.61+ 20.65+ 9.76+ 70.07+
2.14b 0.14cd 20.65¢ 1.12cd 1.37¢c

HP 78.81+ 227+ 27.25+ 10.41+ 65.38+
2.15b 0.18b 27.25a 3.33bc 1.31de

M 74.50+ 1.63+ 20.46+ 15.44+ 67.24+
3.28cd 0.28cd 20.46¢ 1.47bc 2.97cd

HTC 74.05+ 2.05+ 22.32+ 16.20+ 65.69+
2.83d 0.70bc 22.32b 1.11b 2.95de

U-HP 81.26+ 0.43+ 17.77+ 2.56+ 74.15+
2.21b 0.04e 17.77d 3.75d 1.90b

U-M 78.02+ 1.37+ 20.07+ 8.98+ 70.20+
0.85bc 0.20d 20.07c 1.30cd 0.98c

U-HTC 70.12+ 3.14+ 2271+ 16.54+ 62.33+
0.69¢ 0.27a 22.71b 2.10a 0.56e

Conclusions in Section 3

1. Suitable U, HP, M and HTC treatments could significantly improve the SDF
content of bean dregs. The combined method had greater effects than single treatment
in improving the SDF content of bean dregs. However, the U-HP treatment showed
the greatest reduction in protein. The mineral content in bean dregs increased after
proper physical treatment. U-HTC treatment significantly decrease the TIA from
7365 TIU/g to 96 TIU/g compared with that of control. The particle size and

morphological structure of bean dregs by different treatments changed greatly. The
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combined treatment obviously improved the water solubility and cationic absorption
capacity of bean dregs. In short, combination technologies (U-HP, U-M and U-HTC)
were effective methods to improve the quality of bean dregs, increase the SDF, form
honeycomb porous texture, reduce anti-nutritional factors and improve some
processing performances.

2. Bean dregs were modified by different physical methods and showed
different water distribution. Comparatively speaking, bean dregs had higher water
binding capacity after combined treatments modification. M treatment significantly
increased the viscosity of bean dregs. The viscosity and G’, G" and tan 6 of bean dregs
by combined treatments showed lower levels, however, combined treatments plays a
positive effect in improving the stability of bean dreg slurry. Additionally, HP, M,
HTC and U-HTC treatments resulted in great changes in the chrominance and
whiteness index of the sample. Therefore, physical modification will broaden the
application of bean dregs in food and feed to a certain extent, and combined treatment

Is the preferred method.
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SECTION 4
EFFECT OF BEAN DREGS POWDER TREATED BY U-M ON DOUGH
PROPERTIES AND QUALITY OF CRISP BISCUITS

4.1 Crisp dough characteristics

Pasting properties.
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Fig. 4.1. Pasting curve with different amount of bean dregs powder

Table 4.1 - Effects of adding amount of bean dregs powder on viscosity
properties of flour-bean dregs mixture

~ The values are mean plus/minus standard error (n = 3). Different letters in the

same column indicate significant difference (P < 0.05).

Bean dregs | Peak Visc | Trough Breakdown | Final Visc | Setback
(%) (cP) Visc (cP) | (cP) (cP) (cP)

0 1618+4a | 1403+10a | 215+6b 2346+21a | 943+11a
5 1448+17b | 1250+3b | 198+20bc | 2101+21b | 851+24b
10 1293+5¢ | 1007+4c | 286=*1a 1895+11c | 888+7b
15 881+5d 674+1d 207+6bc 1382+£5d | 708+6¢
20 768+25¢ | 587+8e 182+18¢ 1201+£23e | 614+16d
25 675+12f | 532+13f | 143+1d 1062£25f | 530+13e
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The effects of bean dregs powder on pasting properties. As can be seen from
Fig. 4.1 and Table 4.1, the gelatinization properties of the bean dregs mixture changed
greatly. With the increase of bean dregs addition, gelatinization characteristics
showed a significant downward (p < 0.05) (Table 4.1). The peak viscosity decreased
by 58.28%, the trough viscosity decreased by 62.10%, and the final viscosity
decreased by 54.73% compared with the control group. The breakdown value of bean
dregs increased first and then decreased. The maximum value was 286 cP when the
amount of bean dregs was 10%. When the bean dregs content is added to 25%, the
breakdown value is 143 cP, which indicated that the stability of the paste enhanced
with the increased of the bean dregs. The setback value of bean dregs showed a
downward trend, from 943 cP to 530 cP, decreased by 43.80% (P<0.05) compared
with the control group. From the point of view of setback, if the setback is higher, the
biscuit will be harder and taste worse. The experimental results show that the addition
of bean dregs powder can effectively improve the gelatinizing characteristics of flour
and increase the crispness of biscuits. The determination results the trend of this index
showed a consistent trend with that of hard biscuits. Therefore, the reasons and
conclusions described are not repeated here. The difference between the two recipes
comes from the protein content of the flour. In this chapter, the low-gluten flour was
used. At the same amount of bean dregs powder (0%, 5%, 10%), except for the trough
viscosity, the peak viscosity, breakdown value, final viscosity and setback were all

lower than the gelatinization characteristics of the flour used in hardness biscuit.

Texture analysis.

Measurement of crisp biscuits dough texture in the texture analyzer showed
that the hardness value increased when bean dregs content in the biscuit formulation
was increased. The hardness was 5019.95+114.01 g when the bean dregs addition
level of 15%, which was 54.78% higher than the control. However, above 20% of the
bean dregs the dough hardness decreases. Sudha et al. (2007) reported that fat coats
the surface of the flour particles inhibiting the development of the gluten proteins.
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The free fat therefore disrupts the gluten network resulting in softer doughs (Menjivar

& Faridi, 1994). However, the addition of the bean dregs will neutralize the texture

of the dough, and the butter and flour mixture will be diluted, in the absence of

sufficient fat, would therefore result in dough hardness (O'Brien et al., 2003).

Table 4.2 - Effect of bean dregs powder on texture of crisp dough

Bean

dregs Hardness, N | Cohesiven | Gummin | Chewin | Springin | Resilien

(%) ess ess ess ess ce

0 2270.68+ 0.13+ 302.46+ |23.64+ |0.08% 0.03+
234.87c 0.0l1a 64.59c 3.45b 0.01a 0.00a

5 3397.75+ 0.12+ 401.91+ |31.09+ |0.08+ 0.03+
262.6b 0.00ab 40.93bc | 2.29ab | 0.00a 0.00a

10 4741.6+ 0.11+ 512.82+ | 48.50+ | 0.08* 0.03+
181.25a 0.01b 59.99ab |6.72a 0.00a 0.00a

15 5019.95+ 0.13% 626.36+ | 47.66t |0.08% 0.04=+
114.01a 0.0lab 29.04a 5.77a 0.01a 0.00b

20 3781.45+ 0.12+ 446.96+ |41.83+= |0.09+ 0.03+
235.17b 0.00ab 46.15b 15.85ab | 0.03a 0.00a

25 3744.64+191. | 0.11+ 42746+ |32.01= |0.08+ 0.03+
79b 0.00ab 34.18bc |3.88ab | 0.00a 0.00a

The values are mean plus/minus standard error (n = 3). Different letters in the

same column indicate significant difference (P < 0.05).

From Table 4.2 the gumminess values of the doughs with bean dregs were

significantly higher than that of the control and significantly (P < 0.05), and the

chewiness was positively correlated with hardness and gumminess. The chewiness
was 48.50+6.72 when the bean dregs addition level of 10%, which was 51.26% higher

than the control. Springiness is the height or volume ratio of the deformed sample to
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the condition before the deformation after removing the deformation force. For the
resilience and springiness of the crisp dough, no significant (P > 0.05) changes were
observed after the addition of bean dregs. This may be due to butter's hydrophobicity
prevents the proteins in the flour from absorbing water and expanding, controlling the
formation of gluten, which reduces the cohesion of the dough and makes the cookie

dough soft and malleable.

4.2 Color analysis of crisp dough and biscuit

Table 4.3 - Effects of bean dregs powder on the color of crisp biscuits and dough

Bean Crisp dough Crisp biscuit
dregs L* a* b* L* a* b*
(%)
0 66.33+ 0.70+ 33.82+ 75.59+ 1.00+ 34.14+
0.40a 0.18f 0.25a 0.74a 0.10f 0.26¢
5 64.81+ 0.44+ 34.08+ 74.31+ 1.01+ 36.17+
0.98b 0.07e 0.40a 0.26a 0.07e 0.13a
10 |63.48+ 1.16% 33.77+ 72.30+ 1.78+ 34.67+
0.22bc 0.08d 0.42a 1.06b 0.19d 0.44bc
15 63.54+ 1.79+ 34.18+ 70.59+ 2.93+ 34.86+
0.44bc 0.02c 0.63a 1.11c 0.38c 0.34b
20 64.62+ 2.52+ 3472+ 70.57+ 3.83+ 34.14+
0.02b 0.06b 0.49ab 0.30c 0.14b 0.22c
25 | 66.25+ 2.88+ 3477+ 69.70+ 4.17+ 3428+
0.40a 0.08a 0.64a 0.69¢ 0.06a 0.33c

The values are mean plus/minus standard error (n = 3). Different letters in the

same column indicate significant difference (P < 0.05).

Table 4.3 shows the results of the study of crisp dough and biscuit color. On
the whole, the L* and a* values color of the crisp dough and biscuit vary widely.

However, b* values had no obvious trend of change. The color trend of dough is
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similar to that of biscuits. As a whole, the biscuit has a higher L* and a*values than
the dough, except for the b* values. This result is consistent with the color trend of
hard dough and biscuits.

The low brightness of the pastry comes down to the raw materials. On the one
hand, modified bean dregs powder, on the other hand, butter. The modified bean dregs
powder has a certain color, and the brightness of dough decreases with the increase
of bean dregs. The addition of a lot of butter in the dough will change the color of the
dough and make it look golden. The redness of baked biscuits is increased due to the
effect of sugar, and the biscuits are brighter than unbaked color.

With the increase of the amount of bean dregs decreased L* and increased a*
crisp biscuits values, indicating more dark and yellowish, b* values decreased added
bean dregs at 5-25%. Concerning the crisp biscuits color, it became darker (lower L*),
more reddish (higher a* values), and less yellowish (lower b* values) when bean
dregs was added at 15-25%. The crust of the crisp biscuits was caramelized by
Maillard and sugar during baking and was responsible for the final color of the crust.
The Maillard reaction involves complex sequence of reactions, including
condensation, cyclization, dehydration, rearrangement, isomerization, and
polymerization. Thus, these changes in the color parameters may be related to the
Maillard reaction, which is a temperature-dependent nonenzymatic reaction between
reducing sugars and the amino groups of amino acids or proteins, resulting in the
formation of brown pigments (melanoidins) (Muliterno et al., 2017),

Data reported as mean+ standard deviation (SD) of 3 determinations. Values
followed by different lower-case letters in the same column are significantly different
from each other (p <0.05).

Biscuit texture is an important index to evaluate the biscuits quality, lower in
hardness and chewiness of biscuit indicated less work to be consumed when chewing
(Yang et al., 2019). However, biscuits with a certain hardness require more saliva
when chewing, taste better and also aging rate can be delayed. The effect of different
contents of bean dregs on biscuit texture are presented in Table 4.4. Hardness of the

bean dregs crisp biscuits significantly higher than the control (p<0.05). When the bean
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dregs were added at 15%, the hardness reached the maximum of 2328.49 (N). This
may be the content of bean dregs increased, more fiber was able to absorb water or
oil of dough, and filled in the gluten network and led to the increase of dough hardness
(Yang et al., 2019). In addition, above 20% biscuits was decreased to hardness and
became very dark with bean flavor. At higher content of bean dregs (10-20%),
Gumminess and Chewiness of the biscuit were increased higher than the control.
Similar results were also reported in the evaluation of banana powder on biscuit
texture (Li et al., 2015). Bean dregs content showed great correlation with the

cohesiveness and gumminess properties of crisp biscuits.

4.3 Crispy biscuits properties
Analysis of texture of crisp biscuits.

Table 4.4 - Effect of different amount of bean dregs texture of crisp biscuits

Bean

dregs (%) | Hardness, N Cohesiveness | Gumminess Chewiness

0 926.62+83.66d 0.04+0.00a 34.78+2.77ab | 13.87£1.03a
5 1266.18+38.32cd | 0.04+0.03a 55.154+40.59ab | 12.28+3.02a
10 1920.73+206.13b | 0.05+£0.01a 90.74+18.01a | 29.24+11.80a
15 2328.49+19.10a | 0.04+0.01a 84.61£22.92a | 27.70£16.38a
20 1513.89£175.01¢ | 0.03+0.00a | 46.15+0.65ab | 20.84+4.06a
25 1469.12+106.69¢ | 0.01+£0.00a 14.57+489b 5.584+3.10a

Scanning electron microscopy (SEM).

As can be seen from Figure 4.2(a-f) With the increase of the proportion of bean
dregs powder, the internal structure of the biscuit changes greatly, the gap gradually
becomes larger, and the surface becomes rough from fine. The proportion of low

gluten flour decreased with the increase of bean dregs, while the ability of bean dregs
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to absorb oil and water was better than that of flour. The more bean dregs were added,
the more difficult it was to form smooth dough with plasticity, thus affecting the

dough shape and texture.

Figure 4.2 - Scanning electron micrographs of bean dregs crisp biscuit
(a-f: 0, 5%, 10%, 15%, 20%, 25%)

As can be seen from Figure 4.2(a-d). when the amount of bean dregs powder
reaches 15%, the internal structure of biscuits is relatively smooth, enough to add 15%
bean dregs without affecting the dough forming. When bean dregs powder was added
to 20%, a small gap appears, but it hardly affects the shape of the cookie dough. When
bean dregs powder is added to 25%, the butter in the dough is unable to coat the starch
particles, gluten proteins and fibers present in the flour, affecting the quality of the
crisp biscuits.

This indicates that the addition of bean dress powder in a certain proportion can
Improve the structure of biscuits and increase the crispness of biscuits, when the
amount of bean dress powder is too large, it may change the rheology dough and

affect the quality of crisp biscuits. At very high fat content the lubricating function is
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high thus less water is required and a softer texture is obtained (Deep Narayan,
Neharika & Kappat Valiyapeediyekkal, 2012).

Subjective (sensory) evaluation of crisp biscuits.
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Figure - 4.3 - Hard biscuits with different amount of bean dregs
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Figure 4.4 - The comprehensive score of crisp biscuits
Different letters on the top of a column indicated significant differences (p <
0.05).

The mean scores for overall acceptability of biscuits were presented in Fig. 4.3
and Fig. 4.4. A two-way analysis of variance indicated that these sensory attributes of
the crisp biscuits were significantly affected (p < 0.05) by addition of different levels
of bean dregs powder in biscuit formulations. As shown in Fig. 4.3 and Fig. 4.4 overall
acceptability of the control crisp biscuits was the highest and it was significantly

better than added bean dregs. Biscuits containing bean dregs (even up to 20% level
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of substitution) had superior scores, overall acceptability of biscuits were judged to
be very good. And there was no significant difference between at 15%. Biscuits with
higher bean dregs levels (25%) had the typical beany flavor, the scores of biscuits
were affected adversely. Similarly, the color of biscuits became darker gradually with
increasing levels of bean dregs. Therefore, among the processed crisp biscuits, 15%
and 20% bean dregs containing biscuits was the most preferred one than the biscuits
containing 5%, 10% and 25 % bean dregs respectively. The results of sensory
evaluation indicated that the of wheat flour up to 20% substitution level with bean
dregs was possible without adversely affecting the consumer acceptability of biscuits.
Similar results were also reported in the evaluation of composite flours on Sensory
characteristics of biscuits (Singh, Bajaj, Kaur, Sharma & Sidhu, 1993).

4.4 Single factor test results and analysis of bean dregs crisp biscuits
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Figure 4.5 — The effect of different factors on bean dregs crisp biscuits
Different letters on the top of a column indicated significant differences (p <
0.05).
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As shown in Fig. 4.5A the sensory score first increased and then decreased with
the increase of butter content. When butter is used less than 50 g, the texture of the
dough is dry and hard, and the grease and flour cannot fully bond to each other to
form a smooth dough, thus making the biscuit products taste rough. When more than
50 g of butter, the butter flavor is more intense and the dough is soft and fluid, but the
cookies tend to lose their shape during baking. Therefore, at 50 g butter, the dough
was moderately stiff, and the bean crackers were crisp and flavorful, scoring highest
on the sensory scale.

As shown in Fig. 4.5B the sensory score increased gradually with the increase
of powdered sugar. When the amount of powdered sugar used is less than 20 g, the
sweetness is weaker and the butter taste is more intense. When it is higher than 20 g,
the sweet taste of biscuits is bigger and the finished product is darker, which affects
the quality of biscuits. When the amount of powdered sugar was 20 g, the sweetness
of biscuits was appropriate, which gave biscuits better taste and the highest sensory
score.

As shown in Fig. 4.5C, the sensory score increased gradually with the increase
of baking temperature. The sensory score is higher When baking temperature is
between 170 °C-175 °C, the biscuit is golden in color, aroma filling nose. When the
baking temperature is below 165 °C, the color of the biscuit is shallow, and there are
sticky teeth in the biscuits center. When the baking temperature is higher than 175°C,
the color of the product is not uniform, and the edge of the biscuits is blackened.

As shown in Fig. 4.5D, when baked for 10-11 min, it can give the cookies even
color and crisp texture, and has a high sensory score. When the baking time is more
than 11 min, the sensory score decreases significantly, the surface color of the biscuit
becomes darker, the texture of the biscuit is firm and easy to slag, and the taste

becomes worse and worse.
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4.5 Orthogonal test results and analysis of bean dregs crisp biscuits

Figure 4.6 - Orthogonal test diagram of bean dregs crisp biscuits

The overall acceptability was mainly based on hardness, mouthfeel and taste of
the biscuit. Through single factor test, the addition of butter, powdered sugar, baking
temperature and time were determined as variables to carry out orthogonal test, and
the test results are shown in Fig. 4.6 and Table 4.5.

It can be seen from the analysis of orthogonal test results in Table 4.5. The
primary and secondary relationship of sensory evaluation score was B>D>A>C, the
best formula of bean dregs crisp biscuits A;B,C3D; was obtained. The primary and
secondary relationship of texture (hardness) is A>B>D>C, the best formula of bean
dregs crisp biscuits A;B;C,D; was obtained. According to sensory evaluation score
and hardness in Table 4.5 the best formula of bean dregs crisp biscuits A,B,C3D; was
obtained, and A;B1C,D;was scored lower than A;B,C3D; in the sensory validation
test. Therefore, the optimal formula of bean dregs crisp biscuits was obtained: 80 g
low-gluten flour, 20 g bean dreg powder (after U-M treatment), 50 g butter, 20 g
powdered sugar, 5g corn starch, 20 g egg yolks, 1 g salt, 0.75 g baking powder, and
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baked at 175 °C for 11 min. Sensory score of bean dregs crisp biscuits was 94 points,

and hardness value was 1597.41 N.

Table 4.5 - Orthogonal test results and analysis of bean dregs hard biscuits

Factors Sensory ev | Texture
Serial A B C D aluation Hardness
numbe | Butter (g) | Powdered | Temperatur Time score
r sugar () e (°C) (min)
1 45 18 165 11 79 3239.67
2 45 20 170 12 81 2947.91
3 45 22 175 13 83 2195.66
4 50 18 170 13 77 1760.50
5 50 20 175 11 94 1597.41
6 50 22 165 12 85 1500.04
7 55 18 175 12 73 1216.28
8 55 20 165 13 82 790.46
9 55 22 170 11 84 1126.23
Sensory score
Ks 243 229 246 257
K> 256 257 242 239
Ks 239 252 250 242
K1 81.00 76.33 82.00 85.67
k2 85.33 85.67 80.67 79.67
K3 79.67 84.00 83.33 80.67
R 5.66 9.34 2.66 6.00
Order B>D>A>C
Optima Az B2 Cs D1
| combi
nation
Texture hardness
K1 8383.24 6216.45 5530.17 5963.31
K> 4857.95 5335.78 5834.64 5664.23
Ks 3132.97 4821.93 5009.35 4746.62
K1 2794.41 2072.15 1843.39 1987.77
k2 1619.32 1778.59 1944.88 1888.08
K3 1044.32 1607.31 1669.78 1582.21
R 1750.09 464.84 275.10 405.56
Order A >B>D>C
Optima | A1 B1 C D1
| combi
nation
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Conclusions in Section 4

The processed bean dreg powder was added to the crisp biscuit, and the dough
and products were measured and analyzed, and the following conclusions were drawn:

1. The addition of bean dregs powder changed the gelatinization characteristics
of flour, reduced the viscosity of batter and improved the stability of batter.

2. The addition of bean dregs changed the texture of crisp dough and biscuits.
The hardness, gumminess and chewiness are positively correlated. The hardness
increases to some extent, but the hardness decreased when the bean dregs powder was
added more than 20%.

3. The color of the dough and the product have the same trend in the
corresponding recipe. The addition of bean dregs powder reduced the L* value of
crisp dough and biscuits, while a* value increased greatly, b* value changed little.

4. According to the characteristics of dough and the sensory evaluation of crisp
biscuits, the maximum amount of bean dregs was 20%, which gave the biscuits a
better taste.

5. Through single factor and orthogonal test results the optimal formula of bean
dregs crisp biscuits was obtained: 80 g low-gluten flour, 20 g bean dreg powder (after
U-M treatment), 50 g butter, 20 g powdered sugar, 5g corn starch, 20 g egg yolks, 1
g salt, 0.75 g baking powder, and baked at 175 °C for 11 min. The bean dregs crisp

biscuits prepared by this processing technology got the crispy taste, golden color, and

good bean fragrance.
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SECTION 5
EFFECT OF BEAN DREGS POWDER TREATED BY U-M ON DOUGH
PROPERTIES AND QUALITY OF HARD BISCUITS

5.1 Hard dough characteristics

Pasting properties.

Viscosity/cP
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Figure 5.1 - Pasting curve with different amount of bean dregs powder

Table 5.1 - Effects of adding amount of bean dregs powder on viscosity

properties of flour-bean dregs mixture

Bean dregs | Peak Visc, Trough Visc, | Breakdown, | Final Visc, Setback,
(%) (cP) (cP) (cP) (cP) (cP)

0 1721£10a 1167+24a 554+14a 2325+38a 1158+14a
2.5 1665+3b 1114+15b 552+12a 2210+1b 1096+16ab
5 1566+14c 1153+16a 414+2bc 2184+32b 1031£16bc
7.5 1479+37d 1085+10b 394+27¢ 2019+75¢ 934+65d
10 1411+8e 983+3c 428+11b 1957+4cd 974+1cd
12.5 1336+4f 924+13d 412+49bc 1855+16d 931+3d

The values are mean plus/minus standard error (n = 3). Different letters in the

same column indicate significant difference (P < 0.05).
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The effects of bean dregs powder on pasting properties. As can be seen from
Fig. 5.1 and Table 5.1 the gelatinization properties of the bean dregs mixture changed
greatly. With the increase of bean dregs addition, gelatinization characteristics
showed a significant downward (p < 0.05) (Table 5.1).

The peak viscosity decreased by 22.37%, the trough viscosity decreased by
20.82%, and the final viscosity decreased by 20.22% compared with the control group.
The reason may be that bean dregs have strong water absorption capacity and compete
with starch for more water, resulting in starch can’t be fully gelatinized. In addition,
there was a certain synergistic reaction between the bean dregs and starch, and the
competition for water between bean dregs and starch, and limited the ability of the
starch to absorb water and prevented the expansion of starch resulted in a lower peak
viscosity of paste. Meng et al found the same changes in the konjac glucomannan
(KGM)-wheat flour blends, high content (KGM of 20 g kg™ flour) of KGM limited
the ability of the paste to absorb water and prevented the expansion of starch resulted
the peak viscosity decreased (Meng et al., 2021).

The breakdown value reflects the shear resistance of paste at high temperature
and the stability of hot paste. The breakdown value of bean dregs showed a downward
trend, from 554 cP to 412 cP, decreased by 25.63% compared with the control group,
which indicated that the stability of the paste enhanced with the increased of the bean
dregs. The setback was the difference between the final viscosity and trough viscosity,
which represented the stability and short-aging trend of the paste.

The setback value was inversely proportional to the aging degree. The setback
value of bean dregs showed a downward trend, from 1158 cP to 931cP, decreased by
19.60% (P<0.05) compared with the control group. Thus, the breakdown and setback
values of the bean dregs paste decreased indicated that there was a great difference in
the thermal stability and aging degree of the paste (Jiang et al., 2020). These changes
could prevent the hard dough from aging and extend the shelf life of the products.
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Rheological analyses.
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Figure 5.2 - Effect of bean dregs powder on the rheological properties of hard dough

The rheological properties of dough significantly influence the different stages
of the baking procedure and play an important role for the production of high-quality
baked products. The dynamic rheology parameters, storage modulus (G’) and loss
modulus (G") of the dough can be measured by scanning frequency under dynamic
conditions, which can be used to indicate the elastic behavior and viscosity behavior
of the dough (Khatkar &Schofield, 2002). Fig. 4 showed the variation curves of the
G', G" and tan & values with scanning frequency of in bean dregs dough. According
to the dynamic oscillation tests, bean dregs doughs exhibit a solid elastic like
behaviour with G’ values greater than G” values. The G' of dough significantly
increased after different amount of bean dregs compared with the control, and the
highest values of G’ was shown in the 12.5% bean dregs. The lowest viscoelastic

values were found in the 2.5% bean dregs. Starch granules, the single largest
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component of flour, appear to be the source of the lower linear viscoelastic strain
limits of flour doughs, since the strain limit of gluten-starch doughs increased
exponentially with lower proportions of starch (Uthayakumaran, Newberry, Phan-
Thien& Tanner, 2002). This is consistent with the report of Tsatsaragkou et al. (2014)
and Izydorczyk et al. (2011), who reported that carob flour and barley increased the
G' of dough uniformly. The tan o of all samples showed a gradually decreasing trend,
it shows that at high frequencies, the dough tends to be more a solid character. In our
study, it was found that the bean dregs increased could viscosity and elasticity of hard
dough.

Texture analysis.

Table 5.2 - Effect of bean dregs powder on texture of hard dough

Bean
dregs | Hardness | Cohesiv | Gumminess | Chewiness | Springin | Resilienc
(%) eness ess e
0 1024.57+ 0.49+ 499.34+ 173.50+ 0.35+ 0.05+
99.79% 0.00b 84.34d 79.18c 0.00b 0.00c
2.5 1278.63+ 0.61+ 774.34=+ 435.59+ 0.56+ 0.06+
108.66e 0.05a 8.18cd 70.58b 0.10a 0.00bc
5 1901.54+ 0.50+ 947.70+ 328.03+ 0.34+ 0.07+
6.19d 0.05b 94.81c 124.93bc 0.10b 0.01bc
7.5 3080.41+ 0.50+ 1536.34+ 574.05+ 0.37+ 0.08+
107.17c 0.00b 53.46b 19.05b 0.03b 0.00ab
10 3757.26+ 0.43+ 1622.32+ 404.33+ 0.25+ 0.08+
266.29b 0.04b 259.22b 151.48bc 0.05¢ch 0.01b
12.5 7464.53+ 0.38+ 3064.08+ 829.70+ 0.27+ 0.11+
219.99a 0.00b 67.82a 51.56a 0.02b 0.00a

The values are mean plus/minus standard error (n = 3). Different letters in the

same column indicate significant difference (P < 0.05).
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Table 5.2 lists the texture profile analysis (TPA) parameters of bean dregs
hard dough. The parameters showed increases in the hardness, gumminess, chewiness
and resilience of the hard dough compared with control because of bean dregs can
dilute gluten protein and hinder the formation of gluten network due to the addition,
and it increased with the increase of bean dregs. As shown in Table5.2, the hardness
of all bean dregs group samples was higher than that of the control. The hardness was
7464.53+219.99 N when the bean dregs addition level of 12.5%, which was 86.27%
higher than the control. This was probably due to fiber and protein of bean dregs
compete with the flour for moisture, in a way that promotes gluten production until it
suppresses the behavior causing an increase in the hardness of the dough, which was
consistent with the results of RVA analysis. Gumminess is the amount of energy
required to chew semisolid food before it is swallowed (Friedman, Whitney &
Szczesniak, 1963). From Table 5.2, the gumminess values of the doughs with bean
dregs were significantly higher than that of the control and significantly (P < 0.05).
However, the gumminess values of the doughs with bean dregs additions of 7.5 %
were not significantly different from additions of 10% (P > 0.05). Chewiness is the
amount of energy required to chew semisolid food into a steady state when swallowed.
From Table 5.2 chewiness was positively correlated with hardness and gumminess.
The chewiness was 829.70+51.56 when the bean dregs addition level of 12.5%, which
was 79.10% higher than the control. Resilience is the extent to which the altered
sample recovers at the same speed and pressure as the resulting deformation. For the
resilience of the dough, significant (P < 0.05) changes were observed after the
addition of bean dregs. The resilience was 0.11 when the bean dregs addition level of
12.5%, which was 54.55% higher than that of the control. This may be due to the fact
that bean dregs enters the backbone of the network structure in the form of filler,
greatly increasing the elasticity of the dough (Peressini & Sensidoni, 2009;
Uthayakumaran et al., 2002).
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5.2 Color analysis of hard dough and biscuit

Table 5.3 - Effects of bean dregs powder on the color of hard biscuits and dough

Bean dregs Hard dough Hard biscuits

(%) L* ax b* L* a* b*
0 71.98+ -0.58+ 32.30+ 81.49+ 0.65+ 31.37+
0.74a 0.08e 0.16ab 0.04a 0.0c 0.36bc
2.5 68.74+ -21+ 33.16+ 80.34+ 1.21+ 30.83+
0.33b 0.04d 0.84a 0.1b 0.16¢ 0.42bc
5 67.29+ 0.34+ 33.61+ 79.89+ 1.28+ 30.57+
0.35bc 0.07c 0.10a 0.69b 0.02c 0.42c
7.5 67.35+ 0.79+ 30.51«+ 78.16% 1.47+ 28.60+
0.01bc 0.08b 0.30c 0.64c 0.59¢ 0.11d
10 65.39+ 1.18% 32.69+ 76.49+ 5.10+ 31.57+
0.38c 0.13a 0.53ab 0.14d 0.64b 0.33b
12.5 66.38+ 1.02+ 31.76+ 68.53+ 8.79+ 33.81+
1.39c 0.08ab 0.58bc 0.62¢ 0.12a 0.30a

Table 5.3 shows the results of the study of hard dough and biscuit color. With
the increase of the amount of bean dregs, the reduced L* (became darker) and
increased a* (more reddish) of hard biscuits values, which changes from golden
brown to caramel color. The cake crust temperature exceeded 150 °C during baking,
and thus Maillard and sugar caramelization reactions take place and are responsible
for the final crust color (Purlis, 2010). The mixture of bean dregs and flour changed
the ratio of starch and protein, which changed the color of the product. Barcenill et al.
(2015) showed changes in starch structure and proteins increased can modify the
presence of sugars and amino acids, resulting in changes to crust color. However, b*
values had no obvious trend of change, and was the lowest when bean dregs were
7.5%. The color trend of dough is similar to that of biscuits. As a whole, the biscuit

has a higher L* and a* values than the dough, except for the b* values. Therefore,
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dough color must be the result of the modifications to color of raw materials, and it

seems that ultrafine-microwave treatment modifies bean dregs color, thus improving

the color of dough before baking. Barcenilla et al. (2016) showed both the

raw materials and high pressure treatment modifies batter color before baking. Acosta
et al. (2011) showed color of a baked good can be attributed to both the individual

ingredients of the item and the color developed from ingredient interactions (Acosta,

Cavender & Kerr, 2011). In fact, previous studies have shown that the different

physical treatment can change the color of the bean dregs. The bean dregs treated by

U-M had lower values of L*, the a* and b* values were significantly greater than

those of the control group (\Wang, Zeng, Tian, Gao & Sukmanov, 2022), that may be

the cause of changes obtained in hard dough color parameters.

5.3 hard biscuits properties

Analysis of texture of hard biscuits.

Table 5.4 - Effect of different amount of bean dregs texture of hard biscuits

Bean dregs, (%) Hardness, N | Cohesiveness | Gumminess | Chewiness

0 2173.15+ 0.08+ 170.16x 3251+
176.55d 0.00c 18.47d 2.72¢

2.5 2500.17+ 0.17+ 43724+ 173.34+

565.48d 0.03abc 160.05cd 11.99bc

5 3330.56+ 0.15+ 499.39+ 182.01+

143.53c 0.05bc 200.72bcd 89.59hc

7.5 4014.52+ 0.20+ 800.10+ 336.74+

153.94b 0.05ab 216.77bc 15.10ab

10 4239.46+ 0.21% 899.10+ 267.33+
309.01ab 0.03ab 56.34ab 18.15b

12.5 4698.98+ 0.27+ 1260.48+ 473.57+

97.71a 0.04a 202.18a 131.04a
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Table 5.4 lists the texture profile analysis (TPA) parameters of bean dregs
hard biscuits. The parameters showed increases in the hardness, cohesiveness,
gumminess, chewiness of the biscuits compared with control. As shown in Table 5.4,
the hardness of all bean dregs group samples was higher than that of the control. The
hardness was 4698.98+97.71 g when the bean dregs addition level of 12.5%, which
was 53.75% higher than the control. On the one hand, the water absorption of bean
dregs was better than that of starch, and the cross-linking effect of gluten protein and
starch was weakened, which affected the toughness of biscuits; on the other hand,
when the soybean dregs were mixed with flour, protein content increased, starch
content decreased, protein denaturated by heat, and hardness increased. This is
consistent with the results of (TPA) dough analysis. From Table 5.4, the gumminess
values of the biscuit with bean dregs were significantly higher than that of the control
and significantly (P<0.05). However, the gumminess values of the biscuit with bean
dregs additions of 2.5 % were not significantly different from additions of 5% (P >
0.05). The chewiness was 473.57+131.04 when the bean dregs addition level of
12.5%, which was 93.14% higher than the control. This is consistent with the results
of (TPA) dough analysis.

Scanning electron microscopy (SEM).

Fig. 5.3 shows the effects of bean dregs on the microstructure of hard biscuit.
It was found that the starch granules in the hard biscuits (Fig. 5.3a). were almost not
exposed and closely bound to protein. There were no obvious differences between the
bean dregs addition level of 2.5%, 5% (Fig. 5.3b, c). and the control (Fig. 5.3a). The
network structure of gluten has continuity, the ability to wrap starch particles is
relatively strong, and the texture of the biscuit is relatively smooth, the hard biscuits
structure showed relaxation and lack of hardness (Fig.5.3a, b, ¢). When the bean dregs
addition level of 7.5%, which showed slightly looser structures and more exposed
starch granules than the control sample (Fig. 5.3d). This might be due to that the bean
dregs compete for water in the dough, which inhibits the formation of gluten network,

leading to protein fracture, starch can’t be completely wrapped by gluten network,
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affecting the quality of finished biscuits. When the bean dregs addition level of 10%,
which showed small air stomata with the structure became more uniform and the fiber
bundle exhibited with less exposed starch granules (Fig. 5.3e). Bean dregs with 12.5%
(Fig. 5.3f). shows that the structure with many folds, irregular and full of holes. The
molecular structure of bean dregs was destroyed due to the strong thermal effect
Imposed during microwave treatment, had a small amount of starch exposed out of
the gluten protein leading to formation of more gullies and skeletons in hard biscuit.
The SEM results further confirmed that bean dregs powder had a certain effect on the
biscuits hardness, which was consistent with the TPA results of biscuit texture. In
addition, it’s proved that the network structure of gluten can be destroyed by adding
too much bean dregs powder.

Figure 5.3 — Scanning electron micrographs of bean dregs hard biscuits
(a-f: 0, 2.5%, 5%, 7.5%, 10%, 12.5%)

Subjective (sensory) evaluation of hard biscuits.
The mean scores for overall acceptability of hard biscuits were presented in Fig.

5.4 and Fig. 5.5. A two-way analysis of variance indicated that these sensory attributes
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of the hard biscuits were significantly affected (p < 0.05) by addition of different
levels of bean dregs powder in biscuits formulations. As shown in Fig. 5.5, the sensory
score increased gradually with the increase of bean dregs, reaching the highest at 10%,
while the sensory score was the lowest at 12.5%. However, the control received the
highest comprehensive score rating of 86 score, which was significantly different
from the 10% bean dregs hard biscuits with a comprehensive score rating of 84.33
score. From the perspective of morphology, each group of cookies is relatively
complete. However, the addition of bean dregs above 7.5%, the texture of biscuits is
relatively hard and without deformation, but the color is darkened. And from these
picture (Fig. 5.4.) that the control was too light and 12.5% bean dregs hard biscuits
was too dark. During the sensory testing, panelists also commented on the grainy
texture of the products. It would be beneficial to process bean dregs using a smaller
particle size (U-M) produce the baked goods. Walker et al. (2015) determined that
smaller WGP (Wine grape pomace) particle size might also have an effect on the
volume and texture of the baked items as well (\Walker, Tseng, Cavender, Ross &
Zhao, 2014). Thus, the maximum addition of 10% bean dregs increases the flavor of
the bean dregs without providing a harsh chewing effect. Based on the sensory study,
it might be concluded that bean dregs at 10% (w/w) replacement for flour for hard
biscuits will be acceptable for consumers. Another study found that banana flour
could replace wheat flour in brownies at 50% fortification (Danasunawal, Siriwong
& Riebroy, 2011).

Figure 5.4 - Hard biscuits with different amount of bean dregs
(a-f: 0, 2.5%, 5%, 7.5%, 10%, 12.5%)



136

90

85

i Q

(o

)
oy

Comprehensive score

65

60

0.0 2.5 5.0 7.5 10.0 12.5
Different amount of bean dregs (%)

Figure 5.5 - The comprehensive score of hard biscuits
In every group of data, values with the same following letter do not differ

significantly from each other (p<0.05)

5.4 Single factor test results and analysis of bean dregs hard biscuit

As shown in Fig. 5.6A. the sensory score first increased and then decreased
with the increase of water content. When the water consumption is less than 30mL,
the dough is not easy to shape, resulting in uneven texture and dry taste. When using
30mL of water, the dough can form a smooth dough, which is easy to form an orderly
gluten network structure by constant rubbing, making the biscuits tough and crisp
without sticking to teeth, and the highest sensory score. The water consumption was
more than 30 mL, and the dough was soft and poor in plasticity, which made the bean
jelly cookies more brittle. However, the biscuit was not complete in shape, and it was
easy to shrink and deform, which led to a gradual decline in sensory score.

Adding sugar to dough can improve the color, aroma, taste and shape of baked

goods.
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Figure 5.6 - The effect of different factors on bean dregs hard biscuits

As can be seen from Fig. 5.6B, sensory score increased gradually with the
increase of powdered sugar content. With less than 25 g sugar content of tough
biscuits, the reverse hydration effect is less, may cause the dough to form higher
gluten, so that the product shrinkage deformation, reduce the surface area. When the
amount of powdered sugar was 25 g, the biscuit had brittleness, suitable sweetness,
good shape and the highest sensory score. When the amount of sugar was more than
25¢, the biscuits were sweeter, darker in color, thinner in texture, hard and crisp in
taste, and the sensory score decreased gradually.

Too low or too high temperature can affect the quality of biscuits. As can be
seen from Fig. 5.6C, sensory score increases gradually with increasing oven
temperature. However, biscuits had the highest sensory ratings when baked at 190 °

C. When baked below 190 °C, biscuits are lighter in color and lack crisp texture.
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When the baking temperature exceeds 195 °C, the color of the biscuits is blackened,
the smell is peculiar, and the sensory score is greatly reduced.

On the basis of controlling the baking temperature, the baking time is very
important to the quality of the finished biscuits. As can be seen from Fig. 5.6D, the
sensory score is the highest he baking time for 9 min. When the baking time exceeded
10 min, the sensory score decreased significantly (p < 0.05). This may be due to the
short time of baking at high temperature, which makes the surface of the biscuit dry
and hard, and the biscuit center is soft and white, thus affecting the taste of the biscuit.
While for a long time baking, biscuits tend to appear scorched phenomenon, affecting

the appearance and taste of products.

5.5 Orthogonal test results and analysis of bean dregs hard biscuit

Figure 5.7 - Orthogonal test diagram of bean dregs hard biscuits

Through single factor test, the addition of water, powdered sugar, baking
temperature and time were determined as variables to carry out orthogonal test, and
the test results are shown in Fig 5.7 and Table 5.5. It can be seen from the analysis of
orthogonal test results in Table 5.6. The primary and secondary relationship of
sensory evaluation score was A>B>C>D, the best formula of bean dregs hard biscuits
A;B,C3D; was obtained.
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Table 5.5 - Orthogonal test results and analysis of bean dregs hard biscuits

Serial Factors Sensory | Texture
number A B C D evaluatio | Hardness
Water Powdered | Tempera | Time n score

(mL) Sugar (g) -ture (°C) | (min)
1 28 23 185 8 69 4214.09
2 28 25 190 9 70 8206.01
3 28 27 195 10 63 4996.38
4 30 23 190 10 82 4125.98
5 30 25 195 8 88 4344.95
6 30 27 185 9 73 6314.48
7 32 23 195 9 75 6980.39
8 32 25 185 10 76 4421.78
9 32 27 190 8 66 3287.39
Sensory score
K1 202 226 218 223
K, 243 234 218 218
Ks 217 202 226 221
K1 67.33 75.33 72.66 74.33
Ko 81 78 72.66 72.67
ks 72.33 67.33 75.33 73.67
R 13.67 10.67 2.67 1.66
Order A>B>C>D
Optimal c | A B, C3 D,
ombinatio
n
Texture hardness
K1 17416.48 | 15320.46 14950.35 | 11846.43
K, 14785.41 | 16972.74 15619.38 | 21500.88
Ks 14689.56 | 14598.25 16321.72 | 13544.14
K1 5805.49 |5106.82 4983.45 |3948.81
Ko 4928.47 |5657.58 5206.46 | 7166.96
ks 4896.52 | 4866.08 5440.57 |4514.71
R 908.97 791.50 457.12 3218.15
Order D >A>B>C
Optlmal As Bs C, D;
combinati
on
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The primary and secondary relationship of texture (hardness) is D>A>B>C, the
best formula of bean dregs hard biscuits A3;B;CiD; was obtained. According to
sensory evaluation score and hardness in Table 5.6 the best formula of bean dregs
hard biscuits A,B,CsD; was obtained, and A1B1C,Diwas scored lower than A;B,C3D;
in the sensory validation test. Therefore, the optimal formula of bean dregs hard
biscuits was obtained: 90 g wheat flour, 10 g bean dreg powder (after U-M treatment),
30 mL water, 25 g sugar powder, 5 g starch, 1 g baking powder and 0.5 g salt, then
add 20 g egg yolk, 5 g soybean oil, surface fire temperature at 195 °C for 8 min.

Sensory score of bean dregs hard biscuits was 88 points, and hardness value was
4344.95 g.

5.6 Developed technological schemes

The results of the conducted research allowed us to develop a technological
scheme for cookies (Fig. 5.8).

Whe wet bean dregs were dried with constant temperature drying oven at 50 °C
for 48 h, ultrafine ground frequency of 30 Hz by an ultrafine grinder. Then
combination with microwave treatment, the ratio of bean dregs to water was 1:7, high
heat levels for 6 min. Treated samples were vacuum freeze dried, ground, sieved with
an 80 mesh screen and stored.

The crispy biscuits had the following formulation: Low gluten flour (80 g), and
bean dregs powder (20 g), butter (50 g), powdered sugar (20 g), corn starch (5g), egg
yolks (20 g), and salt (1 g), baking powder (0.75g). Whisk butter until creamy and
pale after the butter is softened, powdered sugar, salt and egg yolks were mixed for 1
min at speed 4 using a KitchenAid Professional mixer KPM5 to make it smooth, add
the flour mixture (low gluten flour, bean dregs powder, corn starch and baking powder)
in batches to make a soft dough. Seal with plastic wrap and leave at room temperature

for 10 min, then press into shape with a mold.
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Fig. 5.8 Developed technological schemes

Preheat the oven to be preheated, the upper heat is 175°C, the lower heat is 160°C,

weigh 8 g of the crispy dough, put it into a fixed mold, press it into a consistent biscuit



142

shape and slowly the sample into the prepared baking pan. These samples were baked
in an electric oven for 11min. After baking, the Crispy biscuits were removed from
the oven, left to cool for 1 hour at room temperature, and packed into hermetically
sealed plastic bags to prevent drying.

The hard biscuits had the following formulation: wheat flour (90 g), and bean
dregs powder (10 g), powdered sugar (25 g), starch (5 g), baking powder (1 g) and
salt (0.5g) evenly, then add egg yolk (20 g) and water (30 mL), grasp and mix evenly,

and finally add soybean oil (5 g) to mix into dough, then put into a noodle making
machine, place the dough in a tablet press and shape using biscuit cutter. Preheat the

oven in advance, bake at upper heat 195°C, lower heat 180°C, bake for 8 min. Leave

to cool at room temperature for 1 hour, then put the biscuit in an airtight bag to prevent
drying.

Operating essentials of Hard biscuits

a. The dough should rest at 35 °C-40 °C.

b. After the dough is left to rest, knead, rub, drop and knead vigorously until the
dough is smooth and cover with cling film and leave to rest for 10 min.

c. Continue to knead for 2 min, make gluten to achieve the strongest structure,
soft and hard moderate, the surface has a beautiful luster.

d. Divide it into dosage forms, adjust the dough press to 3 g, roll it into dough
with uniform thickness, complete shape and smooth surface, and press it into shape

with biscuit mold.

Conclusions in Section 5

The processed bean dregs powder was added to the hard biscuits, and the dough
and products were measured and analyzed, and the following conclusions were drawn:

1. The addition of bean dregs powder changed the gelatinization and
rheological characteristics of flour, not only improve the stability of the batter, but
also improve the viscosity and elasticity of the hard dough.

2. The addition of bean dregs increased the hardness of dough.
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3. The color of the dough and the product have the same trend in the
corresponding recipe. The addition of bean dregs powder reduced the L* value of hard
dough and biscuit, while a* value increased greatly, b* value changed little.

4. According to the characteristics of dough and the sensory evaluation of hard
biscuits, the maximum amount of bean dregs was 10%, which gave the biscuits a
better taste.

5. Through single factor and orthogonal test results the optimal formula of bean
dregs hard biscuits was obtained: 90 g wheat flour, 10 g bean dreg powder (after U-
M treatment), 30 mL water, 25 g sugar powder, 5 g starch, 1 g baking powder and 0.5
g salt, then add 20 g egg yolk, 5 g soybean oil, surface fire temperature at 195 °C for

8 min. Sensory score of bean dregs hard biscuits was 88 points, and hardness value
was 4344.95 N.
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CONCLUSIONS

A combined method may have greater effects than any single approach in
improving the quality of bean dregs. The effects of ultrafine grinding (U), high
pressure (HP), microwaves (M), high-temperature cooking (HTC) and combination
technologies (U-HP, U-M, U-HTC) used in bean dregs can solve quality problems.

The results showed that both single treatments and combination treatments
significantly increased the soluble dietary fiber (SDF) content and water solubility of
bean dregs; however, the protein content, fat absorption capacity and swelling
capacity of bean dregs were decreased compared with those of the control. The
combination technologies significantly increased the contents of K, Ca, Na and Fe in
bean dregs. HTC and U-HTC had prominent effects on inhibiting trypsin inhibitor
activity, which were decreased from 7365 TIU/g to 1210 and 96 TIU/g, respectively.
The bean dregs by ultrafine grinding and combined treatments showed honeycomb
structure and small particle distribution, and their processing performances improved.

The combination treatments of U-HP, U-M and U-HTC greatly reduced the
viscosity, and the slurry of bean dregs treated by U-HP combination had the best
stability. After the HTC, U-HP, U-M and U-HTC treatments, the proportion of bound
water of bean dregs increased and the proportion of immobile water decreased after
rehydration. Different treatments could obviously affect the rheological behavior of
bean dreg slurry. The HTC sample and all the combined treatments had low G', G”
and tan & values. Different methods had great influences on the chrominance and
whiteness index of bean dregs.

The addition of bean dregs greatly reduced the viscosity of paste (Mix the bean
dregs with the flour). The addition of bean dregs has great influence on the texture of
dough and biscuit. The hardness value increased when the bean dregs content in the
hard biscuits formulation was increased. This may be the content of bean dregs
increased, more fiber was able to absorb water or oil of dough, and filled in the gluten

network and led to the increase of dough hardness. However, above 20% biscuits was
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decreased to hardness. This may be due to free fat therefore disrupts the gluten
network resulting in softer doughs.

The addition of bean dregs changed the color of the dough and biscuits. On the
one hand depends on the baking temperature and time, on the other hand depends on
the raw material itself, the color of bean dregs after combined treatment has obvious
changes.

With the increase of the proportion of bean dregs powder, the internal structure
of the biscuit changes greatly, the gap gradually becomes larger, and the surface
becomes rough from fine. The more bean dregs were added, the more difficult it was
to form smooth dough with plasticity, thus affecting the dough shape and texture.

The addition of bean dress powder in a certain proportion can improve the
structure of biscuits and increase the crispness of biscuits, when the amount of bean
dress powder is too large, it may change the rheology dough and affect the quality of
crisp biscuits. The results of sensory evaluation indicated that the of wheat flour up
to 20% and 10% substitution level with bean dregs was possible for crisp biscuits and
hard biscuits without adversely affecting the consumer acceptability of crisp biscuits.

In recent years, soybean dregs have become a hot research topic because of
their rich nutrition and remarkable nutritional function and functional food has also
been accepted and favored by more and more consumers. Therefore, in view of the
increasing attention given to the preparation of food containing bean dregs, combined
treatments are more appropriate methods for improving the physicochemical
properties of bean dregs for high-quality functional dietary fiber food. Vigorously
developing agricultural and sideline products is not only conducive to improving
grain utilization rate and optimizing the development of grain industrial structure, but
also of great significance to improving the nutritional diet structure of residents and
improving people's health level. In this paper, the effects of different physical
technology on compositions, characteristics and physicochemical properties of bean
dregs were studied. U-M combined technology was used to process bean dregs for

crisp biscuits and tough biscuits, and the technological formula was optimized.
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In the next step of the experiment, U-HP and U-HTC treatments can be
combined technology processing bean dregs for other products, such as: bread,
noodles, steamed bread and other products in the research and analysis, so as to better

guide the production of bean dregs products, improve the quality of bean dregs food.
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Application Testify

Application enterprise

Henan Miduoqi Food Co., LTD

Postal address

No.1598, North of East Section of Taihang Avenue,

Huixian City, Xinxiang City, Henan Province, China.

Starting and ending

time

July,1, 2021 — Now

Contact Person

Zhang Xing (+086 13353671794)

Our enterprise have utilized the technology of ultrafine grinding and

microwaves combined to increase the SDF (soluble dietary fiber) of bean dregs

content in crisp biscuits and hard biscuits, the technology can increase the SDF

contents of bean dregs from 1.63% to 19.23%, reduce anti-nutrition factors in

bean dregs, and it improves the roughness of the bean dregs, enhances the

texture and flavor of the biscuits. In our factory, the type of bean dregs biscuits

products were produced 10 tons per day.

/

Henan Ml{i@l E e

Déc 25:30
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Socio-economic effectiveness of scientific and technical developments and

implement the results of work in practical production

As a kind of fast-consumption snack food, biscuits are of various kinds, which
are usually eaten as snacks. Besides its good taste, biscuits can also supplement the
energy needed by the human body.

In recent years, with the improvement of people's income level and the change
of consumption concept, the requirements for diet gradually tend to be healthy and
diversified, the rapid development of the biscuit food market, the market scale
continues to expand.

The direction of use is the application of U-M technology in bean dregs biscuits.
A series of measures were implemented to implement the results of the practical study.
The U-M processing technique is implemented in the following ways: “Henan
Miduogi Food Co., LTD” production facilities. The calculation of indicators
introduced into the results of the socio-economic efficiency of the study confirmed
the feasibility of its practical implementation.

Results obtained after implementation and socio-economic effectiveness of the
programme:

1. Our enterprise have utilized the technology of ultrafine grinding and
microwaves combined to increase the SDF (soluble dietary fiber) of bean dregs
content in crisp biscuits and hard biscuits, the technology can increase the SDF
contents of bean dregs from 1.63% to 19.23%, reduce anti-nutrition factors in bean
dregs, and it improves the roughness of the bean dregs, enhances the texture and flavor
of the biscuits. In our factory, the type of bean dregs biscuits products were produced
10 tons per day.

2. In this program, the production of bean dregs crisp biscuits and hard biscuits
Is implemented, which not only enriches the types of biscuits, but also improves the

nutritional value.
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3. The original production line progress is slow, food enterprises increase
microwave, ultrafine grinding machine and other machinery after the production
progress is significantly accelerated.

4. Reduced the time required to produce one ton of products by 6%~9%,
increased productivity, increased plant and equipment utilization, and reduced
depreciation by $1.00~ 2.00 per ton of plant and equipment. On this basis, the labor
cost is reduced by $5 ~ $7 per ton.
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