224 2023 4E 3 H

39k FsM gk TR 2 IR

Transactions of the Chinese Society of Agricultural Engineering

Vol.39 No.5
Mar. 2023

AEXRIEHEE HBEEAESKSFESS
ERK ' KAE D, sk, WEm KM T OB

(L E AR A AT I T TR A AR A i I TR S P s, Jbat 100193;
2. YT R S I T EORBT S, ¥ 261100)

i OE: BKOFEEAR ORDE&E 40%~80%) il % MR A P & B A S Bm sh ) P S & SR IARRAE,  Horpr, DA
TN R N 2 . R, AFESRIEMHBIE 525 A (pea protein isolate, PPD) b i IR Z R IA R, &K
OB RS MO I E, XT3 R R R S SR T R R . NERFT PPT JRURHTTE S A ) R Y I R K A3
B SRR, %A FCIEEL T S ML PPT, IR KA. M. BRMEER, R THEARFBE
WELR LT (65, 90 C) WIm/KaHEErE. S5RRW, PPI BIFRRN R ¥ H B B 55 A 05 f R %5 )
A, VEMER (21.24%~25.51%) HERIESR (0.84 N~1.14 N) [ PPI A F T2 445 ML (HSULEE>1.5),
RS R B, BARMAEREGRE TS, BRESHIULE BB E IEMK (P<0.05), IREAHBREEEG, PPI HHmsih
TEINEE, feirEERmE PPI HFHMRIsME (P<0.05), WS SHLMLE 2R E EMX (P<0.05), BksRESHLL
2R E EMAHRK (P<0.01). 1ZHTH %5 8 A 7E R K5 B AR Y5 P 5 7= S B Hh R A SR L 30 8%

EHHR: FG,; AN, MNEH; REsBEG; WK, HKIFE

doi: 10.11975/j.issn.1002-6819.202212110
RESHES: TS2149  XEAMFER: A

ZFRIX, k&8, Xigtk, F. FTRRERENBERSKOFERME V] RITIEFR, 2023, 39(5) :224-231. doi:
10.11975/j.issn.1002-6819.202212110
LI Tongqing, ZHANG Jinchuang, LIU Haodong, et al. Characterization of the high moisture extrusion of pea protein isolate from
various sources[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2023, 39(5):

SCEHRES: 1002-6819(2023)-05-0224-08

http://www.tcsae.org

224-231. (in Chinese with English abstract) doi: 10.11975/j.issn.1002-6819.202212110

0 5

Wit #] 2050 4, AN CEBET] 100 12, W0
SRECKIIN 70%, ST RERER 4.55 12 &Y, {UkEE
Y FEEAE X B me i R NI E AR TR D
VAR N RO & I R N S R m R A FEE
BE. BWER. B OREEA4ESR SR, FFER AR
FEATE R FREL), KR Y AR L BB A, R
Fre R RBRHE . 5 R s S 0r I B B UL

PG AR L FENGEME 2 —, EFRETEY
N 1350 J3t, 76 90 ZANE KA FAES, BT ERE.
BIEANE R ARSI ST N TR Tl B
GHEARTELN 24%, HPEEAZ N 20%, B
F2915 60%, BiG&AKEERMAETTET, S,
AR RS, eah, CIROK A R gE A R DT RS

Wk HEH: 2022-12-15 BT HHE: 2023-02-24

HEWH: EREAPRIRITE (2021YFC2101402); H E ARV AFEBE AR
FE ORI OB FC BT A0 B LR B BT E R AR % H A L
(CAAS-ASTIP-Q2022-IFST-05); ¥idi & ot 5 I T H AW 7t b U Bk 4
BHFET (WFIFST-2022-01)

fE& I R, WHRIT A E A @K 5 ER AR .

Email: tongqingli2019@163.com

XABMEIEL . T8, W, W, BERT ADNRE B80S R R .
Email: wangqiang06@caas.cn

)aBfEIEE: skam, W, BIBFO, BT I MY E A mK S B R
AR Email: zhangjinchuang1002@163.com

http://www.tcsae.org

g0, HEFRMER . AEIEEEE, 2R TR S
W R IE I R A, R AZ 372 957 . MORENO
LR 7 3Gy BIE (1 (pea protein isolate, PPT) [#)#t
e BE 1 &% TG Bt 5 6 PPI KI5, 50K B, 7E 23%
PPI &t s in 5 Ulg i TG B, HEHRmEIG s, Bk
W % 48 K6 B TR N AR, T T R A 2 PR A 0 R
ZHANG 250858 1 B IR it FE A /K 402 ot PPT 45 F Al h
RERFPERISZ N, 25K, FIEEERC PP HIVEMEE
FURLRE T, W) B R e M Bl A 7K 2 2 B R 3
MREA% . FFHEAME R AR AR MER T
Wi IR, ARSI B A AR IR B K 43 s N AL
LR R A . FERAWATI 25310 PP N JERHME S T
JERHAE M X B HR 0 TR S, I A 3R B R A ) o
REASE. KoeE. FKENERENTm, Ky
EERE (5%) « FKMER 3 mL/g)  EASER (81%)
B A T ML, (RN R I 7 & R (0.2%) 1)
PPI §5 i 4T 4 5/ BN & -

EK B ERAR KRI85 40%~80%) Refs A4
52y AR L R B AR Y, B R AR R
HEG ADRERE. E RIS AP, IMMONEN £
W90 T #e 22 B A PPT iy 7K 355 HA 400 14D Jof ) o J P 52
SERIR, BB ) 0 45 4 5 A 1 s e 2 2
BB RIRE (170 C) ReBg (et 4R 4e g5/, Bk
n—mpliEn RS8N 30%) HFT PPI
LRSI . OSEN SRR B, RAEA[H PPI 3
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AR AL, (H LD RERrE A B 1 TR 32 PR JEE R
BRI B R, HARTH B i B2 2 ek 55 IH 2
JEORE o 22 S BT I A S . QIND AU SR Y PA s At AR A
BT K 55 i A i PP fEFARE AN GE /A R
A TG BEMIACERAE o 45 REH, Mt 7 =6
SEREA,  HAE AN TG BT Bt 8 2 11 2CHK,
LK TG M (2%) | R IME M. R, AR
RIS PP it R D RERFEAFAEZE S, /R 2 B RpE 1 A
WEA, AR T B S A AR A 1 AT AN

BRlt, ASCERCT 5 Ak PPL, SRFTHA T S &
Ktz W, BRI ZESR, ot TAR PPT HHY)
FEANR] VA 10 R IR P8 2% A IR SRR R 5 50 TOW R
XoF b T B e R v B R R i P X T e BB ) PSR
PO ARG EAN R ARACRS o ASHETERT v
KT 5% I i 2 A DB PRI A A PP U AR SB35 S v B
R M BOE T RS2, Wi G R AR H K 5 I
TR VAL it 7 it B0 ) o ) 2 P AR 3t S

1 MRERE

1.1 MR5RF

Al. A2 PP TR 5 R 5 ( Lilg) HIRAH, Bl.
B2 PPI fH AR & EASEWARAFSRM, C1 PPIIAT
IHARIA G RIE R ABRA R NN, A%
WUEMARAT; IRMER. SENY, EZEINLHR
FIHEBRAE]: 0.1 mol/L FhERFRUEVAW, byl RIS br
WV R ARG R ITT A A Lowry 58 A& &2 77
& R ZREEEREARAR; 0.01 mol/L BERR £h 52K
(phosphate buffered saline, PBS) #ifil, b ZREFEER
HAWRA R, W5 HT G804l
1.2 UE5E%

R T EAY IS AH5: FMHE 36-24 [5] [k XUEFT 4%
JEHL, R E SR TREREARARAR; CR-400 %
it WHIBM SR A R AR s K1100 244 531K
ERA, Bregmae i AR An]; SUS010 Al s,
H A Hitachi A7) ; TA-XT plus Fi 41X, J[E Stable Micro
Systems AH]; F2500 R %564 L, HA Hitachi
AT LYNX 4000 2 m=3# 550001, 32 Thermo Scientific
AT); Spectra MAX B Z e BEFR{X, % [E Molecular
Devices /A ]; TENSOR 27 BUH 7 HARHRLT A EREAL, 18
[E Bruker A %]; Mastersizer3000 BRI EAY, FEE IR
AR AT D7200 JEFRIEAHHL, H A Nikon Corp A .
1.3 REHFE
13,1 JRobH A R I AL Frm) 2

JE RS A B I B HE K A B i (MR -HE R
% HES3 Pudi/K e fo « fEE (GB/T 5009.5-2016
(BF—) )« MIEN (GB/T 5009.6-2016 (F—i%) ) .
K4 (GB/T 5009.4-2016 (5—i5) ) . 12 (CR-400
E)  AMUHAE (D7200 Nikon L) -

1.3.2 PPI BAPEZAH0ANZ
2% SUN 73, msaBM, HZARK S &

BRI IE N 50 mg/mL IR, 78 2 800 r/min 5538 T i
i 2min, BPAZKNAFEOA R (PriEEA 1.33) A
Mastersizer3000 HOGHRLEE A E B 1 SRR 4347 .
1.3.3 PPI RoAHiafg
S &P, IBAEB KR, LA
(nitrogen solvable index, NSI) FKI/RE A KIAMRE, FREL
0.5 g EAKEL oA 20 mL 0.01 mol/L, pH{t N 7.6 i
PBS, 25 ‘C F&# 1 h J5, &0 (12 000xg, 25 °C, 15 min)
B iEW, FIA Lowry v B FIIREE, MRIEFRUE 2k
HEMEAWRE (5=2.609 5x—0.059 4, R*=0.9855, x N
W, y NEBEIKE) .
IE W A E K (mg - mL)
SR SR (mg - mL")
1.3.4 PPl RAtEEN SR E M E
¥ 5 Fh PPT 43 7l it 2 0 HOC 20% 10 i 45 ,  Ti
NFAE R 250 mL BepRHf, HiRE 15 min ZIHUIR, FREF
HOEET 90 C/RIBH A 2 h, AHMEFRERE, BT
4 CUKFEA I, 12 h e WEktiEo, WA T 25 CF
JE 30 min. PPI &R THEM R TA-XT plus Jl 91X
Mg LB s, AP e N Gel MER, PRI
P/0.5, IHT W IS SR E N 2.0. 1.0 F
2.0 mm/s, FRIFEE 50%, $filifihk 7174 0.03 No 83k F
JEZE 10 mm B H I B K0 0758 SORBIR RS . RRAFE
m AT 10 W, 24 2 AN 2 AMi/IME, BCF
BIMH
1.3.5 PPI ZAKHH/EiXE
R T HARR IR 7 501k, BL PPT SRR, ¥sim
2% BN TRy, IREYISIEHE 12 h, WEME
RHEE N 8 kg/h, FKFN 60%, WRFFHE N 240 r/min,
BRI N 60-80-145-150-130 °C, K. AR EAHI,
BB EEAT O, A HbiE N 90 CE 65 °C, s
HURE, BN, BT-18 CAVRGAE, MAREMET G
Ry IR 60 B (LA 025 mm) , FHFE40 7.
1.3.6 PPI #Hi #/m M4 Hml =
B RE G G RE R . B L PE R R A,
SR BE N 15 mmx 15 mmx5 mm 55, BRI
BN TPA 13K, #H3kik#E P36R, AT Jrh. )5k
JEH 2.0, 1.0~ 2.0 mm/s, EAEFEAR N 50%. RFFEGLE
SEAE 10 Ik, 288 2 MR KR /AME, BCPFIME.
2H 2740 B B 5 < A SR BT NI KA 15 mmx 15 mmx
5Smm . ki A/CKB, AR 2.0 mm/s,
WH 1.0 mmy/s, M5 T 2.0 mmy/s, BYUIFE R 75%.
AP EZIE 10 R, LA SCRMEMS/ME, B
P SRR BT B H 7 A S iR Skt T 1 (R BT )
JIEAE & BERAF 77 S YL FE B IR/, RIAHZUL .
ity - BT
A = )
1.3.7 PPl Hsdm UL MM
FEER: % PPL B M i 5 [ e, FHJE
B D7200 FAERR S BRARNLIA R . RS R R

Ny = x100% (1)

2
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LB LS55 A T P9 SO S5 0, g B PR R i D) K
/NZ) 5 mmx3 mmx1 mm )& R, K EEREE 48 h, Rk
HR IS COy AT T, SR F 5 Fo 0T ke
FEMREEREAR & B, Wi4. 76 10 kV IEEEAE T
L 500 55 5 000 A5 o

1.3.8 PPI AHrkdtd MR % Rm &

2% JIANG 2P e ik, WEH 1B, PP Rk}
g HIRE S BT 0.01 mol/L pH AN 7.6 H PBS 1,
JC il 5% 20 mg/mL HI 8 VA, 25 'CF 300 t/min 7714
2 h, ZJ5 10 000xg B0 15 min, E EIEWE EKE,
AN PBS Rl & A UK ERMBESR 0.25 mg/mL, XfHk
AT IR VESO I RE /M o ORI E N 290 nm, 441
JE N 60 nn/s, FAFEIE A 300~450 nm, FE4E %N 2.5 nm.
1.3.9 PPI A3k ad & dmsasKbkn &

2% FEYZI PR 7%, I8 150 PPI JFkS
B HRE 0.1 g T 10 mL 3, I 10 mL 0.01 mol/L
pH A 7.0 [ PBS 220, #R3%¥9%1/5F 10 000xg. 25 C
Z1E R B0 20 min. 73 2 1) B350 5 PBS Fikk 0. 2.
4, 8. 10 f%. KH Lowry VA EMBE R EAR S &,
HE 3 RECTFME. 0.024 g ANS #%f#T 10 mL PBS 1,
# 20 uL ANS RIS 4 mL & AEw, E%550 )5
BEGTHCE o RIS S EETHIN 8 X G aR A, R
K (Em) FERBAE (Ex) 43518 470 #1390 nm, LA
e B S A IR FE AR, AR A I 5 1) 2R T K P
8% (HY
1.3.10 PPIL BRALAIFE ey — L&z

2% ZHANG P06 751%, R 28 s
ARG E PPL R S8 M a5, ekt
N 400~4 000 cm™, AHFFEAN 4 em”, F5ERRN 64
W, BEAFERI 3 R, BCF1E. RA OPUS 5.5 Fl peak
fit 4.12 BAEXTBEIZTH (1 600~1 700 cm™ 2 [8]) HEAT A
L B AL ER A AT, RN UL B S S R A
XIREIKFR, IRTFE 0 R
1.4 HELEBS5H

K H Origin 2021 ¥ {22 1&, SR SPSS19.0 344Xt %k
AT E S 8, BARKEPER 3 K, 45RP
PME+FREZEF R, KA Duncan % 8 HLEEREAT B
SHT (P<0.05) 5 J7 IR RUAR Sy AT A O AT

2 HER55H

2.1 A[E PPl RERIAIIBIL M BRANTH BE4F 1% S 4

HE 1A, EEARSETM, Bl 5 B2 MEH
SRR (88.07%FH1 87.50%, %X mmENE, FFED ,
HIKGE Al 5 A2 (84.89%411 83.75%) , Cl MEASE
I (82.56%) . M4k, Bl WIRHi&&&e (2.32%) ,
Cl MK (5.12%) .

h# 2 5& 1A%, Al. A2 BF PPI K K/ &
FZMER, 5 B2 Mk, Bl £ Dx10 5 D x50 Hki2 5 fi
BK, 1 Dx90 Wi ki EMZESR, 75 5 F PPI
Cl1 [FRifR R K, B2 MIRLAE B /s« NSI R 2 F IR AR
FERBTINT CnmERAARE . w1 s

i B K R B 5 5, 33 PPI (1) NSI &2
HRMUT, i 2 WAL Al A2 & Bl 3 il PPI HOVA
FRPER T, N 24.03%. 23.60% % 25.51%, B2 HIWE
fREERARA 21.24%, Cl IEEERIK, RA 16.66%.

Bl Kk S i, IAE T 1L14N, HUCh B2, &t
JE50.84N, Al. A2. Cl FIEHRIEELE 0.40~0.50 N,

HHEER®EEZ NLEEEER, X5EATEARR,

A D T REFERA FHRIPIRGH, EAREER
Ry I3 N e Sl

1 PPI[ERIEREBUMER
Fundamental physicochemical characteristics of PPI raw

materials

Ko R|E FED B (FHOK (F3 S

’ 0 Protein Fat Ash
Moisture% 1 base)% (dry base)/% (dry base)/%

Table 1

FE g
Sample

Appearance
number PP

Al 8.46+0.02a 84.89+0.79b 0.64+0.03c 4.38+0.24b

A2 7.53+0.29b 83.75+£0.93bc 2.19+0.15ab 4.17+0.19bc

Bl 8.27+0.07a 88.07+0.14a 2.32+0.08a 3.47+0.33d

B2 8.25+0.08a 87.50+0.44a 2.06+0.22b 3.68+0.25cd

Cl 6.87+0.24c  82.56+0.06c 0.30+0.02d 5.12+0.62a

E: A=A AR TR ZERRE (P<0.05) o [,
Note: Different letters in the same column represent significant differences
(P<0.05). Same below.

2 PPIRBAIDIRESTIE RALRELEL
Table 2 Comparison of functional properties and particle
size of PPI raw materials

DiReReE pOEEN
e 45%2:0;;0;;1 properties Particle size/um
Sample  RHAITEL g e
number Nl{m%jn Gel Dx10 Dx50 Dx90
solvable
index/% strength/N
Al 24.03+197a 0.40+0.04c 21.08+241bc 96.68+10.56ab 247.50+18.70a
A2 23.60+2.31ab0.50+£0.03c  23.60+1.70b 103.20+3.30b  253.00+12.10a
Bl  2551£125a 1.14£0.16a 18.58+2.30c  75.80+8.19c  202.50+32.40bc

B2 21.24+0.38b 0.84+0.06b 14.07+3.82d 61.13+12.55d 178.75+16.68¢c

Cl  16.66+329c 0.48+0.07c 33.88£3.06a 113.75+2.50a  230.50+5.07ab
: Dx10, Dx50, Dx90 43 HZ7R AR/ T HBHL G 10%, 50%, 90%.
Note: Dx10, Dx50 and Dx90 respectively indicate that the particle size is less
than 10%, 50% and 90% of the particles.

10

8t

6t

4B 2% [ Volume density/%
i

0.01 0.1 1 10 100 1000 10000
Hif%Particle size/pum

B 1 XF PPl RAEZSHE

Fig.1 Particle size distribution of different PPI raw materials
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2.2 A[E PPl BB RASFE A

H & 2 AT, AHEG 65 CRIRETR LIRS, 90 CHE)
FRATE AR, 5 R PPT R #R M (& 2b) B 2 48,
X R A H AR T Re e i — DR R A A
PO, RN R, IREAH AR E, Al. A2, Cl
FrHIROREEE . HE R B (P<0.05) , Hp
Cl ITEEE H 66.74 N #2755 112.90 N, FHIEEH 37.53 N
= F] 82.52 N, 1 B1 5 B2 455 H 4 i J5 AT nELIgh 15
AN MALRMLEX A (B 2d) , Al. A2, Bl.
B2 HHEMEIALLULEEAE 90 “CHIA E AR N H 1
fn, Hdr Bl 5 B2 HEULEE KT 1.5, X AT REZ BN R
FERE R B MESRR PPI 7EAEIBLE th 2 UUE R A BhI
GRTFEAS FREEHE. RE&. B, Mm%k 57
PELFUESE T T, RIS, B 2 AL IR B R s A 2%
A a AR BN, S b YRR B E, RIRER Bh T
EERSTHERE SRS, 1 C1 FHLSMLE IR
E4k, X He S HERRA MUK (NSI<16.66%) A
FIF-B B8 1) S SRR, ORI AR P AR I 2R
JERE B R 75 0 s (MU A A e i L1 24P,

P R b 5 5 H 0B A e AR SR A b (3R 3D 1T
A, ERARMA HERELRE T, RIS TEES B R s
P PHAE R R AR IEARR R (P<0.01) , 5HLULEE
BERFIEMX (P<0.05) , UiBHE H R AR S,
ATREAE R T S R . S SR B
MR E AL N, VRSB A ) B 2R
R (P<0.01) , HHLULEREEEMX (P<0.05) ,
Y F i 5 5 R O R L B3 R SR (P<0.05) , 54

ZUL R IEASE (P<0.01) , 15 BIR i V4 20 i Y
TRETR S VS A P R R i B T e e [) s el o5 5% HA 4 ) IR
R IR, BRI HERE T, Ko EA. TG
MK 5y 555 PG BE TG B AR, T4 i A
G, PP HSE 5K R AR R EAHE
(P<0.01) , 52 EEMKE (P<0.05) , 5Ky EEE
I (P<0.05) , XULHAKS A BB K 55
HE D 5 K 5 5T ER R S e A 0 BRI PR AR A T 38

7265°C mm90°C

140 .
2120 21007 8 bed 43 cd @ gbe
2 2 80f ] fc
A g sof /;
g 801 !
. 60 | 2 0l
5 a0 F ol

200 = 201

0

i ‘Al K N
Al A2 Bl B2 C1 Al A2 Bl B2 Cl
FF 145 Sample number ¥ it %5 Sample number
a. g b. #ibk:
a. Hardness b. Springiness
100 9 a
Z £ 20
7 80 3
= 215
£ 60 d § . .
2 S ,4
S 40 E 7]
oy = |
g » zos
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0 = 0 i A

v K ’ ?
Al A2 Bl B2 C1
5 2% 5 Sample number

d. HEMGE
d. Fibrous degree

. K A KN X
Al A2 Bl B2 C1 =
FE &4 Sample number

AL
¢. Chewiness

I BRI RERIRTE P=0.05 /KF 27 5% .
Note: Different letters of superscript indicate significant different at the 0.05

level.
A 2 PPI#H k4 /mHds stk

Fig.2 Comparison of PPI extrudates’ textural characteristics

*3 EM@RRSHHYEAmEREIEXME

Table 3 Correlation of raw materials and extrudates’ texture quality

65 C 90 C
i b5 Trems i sidE VEL I HYULRE i sidE VEL I HYULRE
Hardness Springiness Chewiness Fibrous degree Hardness Springiness Chewiness  Fibrous degree
7K 4 Moisture 0.448 0.043 0.565%* 0316 —0.551* 0.562* —0.633* 0.834%*
H [ Protein 0.499 —0.108 0.534* 0.179 —0.742%* 0.302 —0.651%* 0.952%*
g5 Fat 0.812%* 0.370 0.846%* 0.130 —0.264 0.432 —0.094 0.621*
K4y Ash —0.778%* —0.165 —0.781%* —0.158 0.365 —0.355 0.258 —0.594*
IR EL Nitrogen solvable index 0.648%* 0.387 0.731%* 0.616* —0.160 0.646** —0.158 0.534*
HEME IS Gel strength 0.472 0.012 0.413 0.237 —0.532* 0.201 —-0.339 0.726**
E: 0y P<0.01, RRRBEMK, R P<0.05, RRBEMK, “RRIMER.
Note: “**” is P<0.01, means very significant correlation, “*” is P<0.05, means significantly correlated, “—” means negative correlation.

2.3 HENNESHIE D4

TR HE 3 WAL, 65 CANBARET Al 5
A2 RS, TN, e EH AR,
BBl T 2550, H AW S AL R AT 4 2R EE R
R #; Bl 5 B2 FERUGA E AR TR T BRI
CrYfEzy, THEEAE AR G AT 4 22 B an HOE IS
C1 $ HE R IR BERT J5 53 JR S5 A AN B S5 o BHAROUL 25
FIRTAL, £ 500 5 5 000 BURAEEC R4 REM %3] B1 5 B2
ILFAEIREE R, T Al A2 Bz C1 PR R B 40 2
LTS R . ML 65 CH IR, 7F 90 CHIE R,
Bl. B2 MM INEZ, FHEMECE, 4eREME
THEAE, 5 B1 ML, B2 RILF4EHEA 5 INEEST Sk . thab,
65 “C IV H BRIE E N T4 PPLES 4 h 45 BRI 2 1 5

RLLERI AT, T 90 CHAENRALRE RN, PPT FHASEAEBRE
REAPRL (B CL AN, X R NE R R 5 B IE FE fe
el HEER AR, RIS RERPIEPY, T 1 RAR R
Ky RGEKKE, FHEEAD TARBEE 0 HT 0,
2.4 BHEEANFEREXETHS

PPl F149H 6% KN IR, 4% MBI 1%1) &
AR, PR AT DR AR 9 P R 5% 6 1 SR s B T
() =R, e ROR K AR LR 4 Fis. Xt
T PPI J5ikl, B2 Wi ARG KE/DN, RHHLEAST
SERMBONEE, ROFIREEEARS FHE. HFEd
FEAE PPI M KRS K R AEAR, XEEZFA PPI
JRER R Z BRI T EARSTWN, EEE. &
RSBV IMAERTT, B TEEE . BRKEAN A 4R RE
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BABE R WIER A, EARS TR, R
JETEA R P EHE . SHOY BRI R A 4R, ok
KA FE R TR 5 90 CHAEI LR E N H AL,
RS

65 "C & KN R AL FE (Bt W R AT

- y “
65°C __’w :
Tl —
-
PR o

Macrostructure

ALK

Microstructure

e P ONRRIE &R R .

Note: spherical protein particles are marked in circles.

PR KA, XREFOVE SR H AR R PPL &
F 5 TN, EA R TR A A 5, A
MM 7 & AR TS50 TRRENE, X5t
BRI 9 TR R IS M S A T A R 2

A/;@,

\
_m

B 3 PPI #4049 2 L5 4.4 H B

Fig.3 The macro and micro structure photos of PPI extrudates

#*4 PPIRMSHHMMARIRAZSEK

Table 4 Maximum emission wavelength of intrinsic fluorescence

&5 PPIRMISHHMMRERKEES (H)
Table 5 Surface hydrophobicity index (H,) of PPI raw materials

of PPI raw material and extrudates nm and extrudates
o g B *
PE SRS J5k} . . A VAR 65C 90 C
. 65T 90 C Sample number Raw material
Sample number Raw materials
Al 153.54420.73g 324.42+15.02¢ 444.71433.50ab
Al 372.75+1.06g 388.67+0.29a 382.50+0.71b A2 164.52410.34fg  411.98+61.07bc  448.09+15.83ab
A2 372.50+0.05¢ 381.33+0.58b 378.75+2.47cd Bl 332.38426.06de  461.20+30.29ab  395.93+15.89bcd
Bl 373.25+1.06g 381.83£1.26b 377.00£1.41e B2 310.13£29.33e  398.36447.91bcd 373.56+13.33cde
B2 367.50+0.71h 379.50+1.00¢ 378.00+0.52de Cl 337.39+68.32de 217.7+13.51f 494.12+59.15a
cl 372.00£0.01g 3815080506 375.00+0.71f e RAAFFEAARTTLE (P<005)

H: RPARFEREREE (P<0.05) .
Note: The different letters in the table represent significant differences (P<0.05).
2.5 WEEARAFRKEZENLSH

RIMHKPEIRE (Hy) Rom e A B 2R 1 5 7K 2 41 )
E PO, R B BK RS T TR, 4
HARMEN EAMSR AR, GUKERRE, SEER
MR PER N, dige s 7T, sk B1L B2 5 CL
Hy & mT Al 5 A2, LS FEKGHEE, AlL A2,
Bl. B2 ] Hy ¥ RFE, RMF AL T HA D TW
ﬁB@ﬁﬂvﬁ%@%ﬁ[”’”} i C1 fEHF IR Ho 1% (65 C),

BRI C1 AR RS, BRI A A e B
(65 'C) REHE ALV AR BERAR PPT A B /K JE AR B4 F R4
HEEERE, WMTFE Ho AR, S AR AR )
(90 C) , Al. A2, C1 ¥ Hy¥3H47K, T1fi B1. B2 ¥ Hy
Bk, XAraes PPI JRRHHGBEERIEA O, $mvd A
G B 5 1) PPL H FAIG B /K ZE B35 B FEAIC.

Note: the different letters in the table represent significant differences (P<0.05).

2.6 BEERAZREMTHSH

FELLAM G, PPT g 4584 (1) A8 Ak 32 5 e BILAE Tt fi
LB (1600~1700 cm ™) FAFANTIE A B {L EHO4,
a-WETER BT B A2 R B P EE R, 1T B f A JE
B AR T F S S), PPT JERL K L
THREERE AR 6 . PPLERHEA g Ll o e
KEVMEIHN p-HTE a-WEHE p-TE A0 TEIHNIZ fh 4544,
AHEL PPTERL, FrA B g giirh p-ir & e pins
Wb XK, PPIJFRL K& ILFT MR E L, pAr S 2
gERgU, T IR RE S AL p- I BRI, TERI S h &
FHEN, X5 ZHANG 25" 7t 45 1 — 8. A E iR
FEXT 5 Ff PPI B A p-4T B 45 M LBl H R B2, 1
REA I RARE Al. A2, Bl. B2 F1] o-02 i 14 He 5]
Wb, p-EEAELEIRE N, W Cl 52 M, 1E 90 CHIAH
M RBR T pEe s Lt 3T o-tg e s Lu .
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Table 6 Comparison of secondary structure of PPI raw materials and extrudates %
v e B-H1E B-Sheet JCHEI #h Random coil a-18JiE o-Helix - ff p-Tum
# E RS — — — —
Sample JEE JEE JEE JEE
number Raw 65 C 90 C Raw 65 C 90 C Raw 65 C 90 C Raw 65 C 90 C
materials materials materials materials
Al 43.34+ 3743+ 38.89+ 9.32+ 11.50+ 13.24+ 25.28+ 31.83+ 28.03+ 19.95+ 19.24+ 19.84+
2.79ab 1.30b 2.28ab 1.56bc 0.82abc 0.78ab 5.76bcd 2.75a 3.12abed 6.80ab 2.83ab 2.96ab
A2 41.94+ 40.76+ 40.92+ 7.37+ 12.32+ 12.13+ 31.78+ 2831+ 15.06+ 1891+ 18.61+ 22.82+
2.95ab 5.12ab 1.17ab 0.96¢ 6.10abc 1.86abc 1.62a 2.11abed 1.85cd 1.42ab 4.64b 0.79ab
BI 45.00+ 40.21+ 40.43+ 10.55+ 14.74+ 12.19+ 26.86+ 28.32+ 2743+ 20.42+ 16.72+ 19.95+
4.10a 4.91ab 0.40ab 1.80abc 3.32a 1.17abc 2.90abcd 2.99abed 2.87abed 0.17ab 2.14b 2.77ab
B2 44.48+ 42.20+ 41.42+ 7.22+ 9.39+ 9.62+ 29.35+ 30.73+ 28.71+ 18.95+ 17.67+ 20.25+
6.03a 1.91ab 1.12ab 4.27c 1.55be 1.41abc 2.84abc 3.08ab 3.39abed 0.95ab 3.46b 3.55ab
cl 4337+ 38.07+ 40.78+ 12.06+ 13.49+ 10.08+ 26.35+ 2341+ 27.12+ 18.21+ 25.03+ 22.03+
3.92ab 0.19ab 6.01ab 1.56abc 0.81ab 4.30abc 1.04abcd 1.02d 2.46abcd 3.81b 0.32a 3.18ab
Fe FAPRRTFRAEZEREE (P<0.05) .
Note: Different letters in the same column represent significant differences (P<0.05).
pre-emulsification of oil treated by high pressure

3 &

£

ARSI W 8 AN [F RV B S B (pea protein
isolate, PP [IZH/r & KRG TEMNE. B iESs
ZE5t, LR T ASRA H BSR4 (65, 90 C)
PPI (/K o 57 R . WEFC R 80, PPI IR RLSR . ¥
HAMEESFHYKRMEDIML, BHES
(21.24%~25.51%) - HEMERE (0.84~1.14N) [ PPI
AR TEASFREEH. e B it &m R
VLY il (UL E>1.5) , PPI HIRIAREKAH]
FAEEK A B R o K A R, R B H
JHb T o VA R IR PR A R BT H A SRR o R (1)
K2, BEAHRARE T (90 C) f# PP Hriish
PR IS, (et [Pk A e Ay, BERE
PPI B . e v H s AR E f# A1L B1. Cl
5 HH A F10) R P R L P S 1, TN B1. B2 AR A
LI TC BB . Ak, 90 “C VA H R Y IR FEE BE A A
TR E i, R EARNEE. REMGKER
o ioR, BRI R S Ewm KRG, R K
PRI NS R (R . ASCHLL PP ONIR KL
TE I R K 43 A A o) A 47 e R 1) 7 SRR A S A
B H ORI B e 5 TR B AR, R B A
DAVl it B0 77 B P R R THIR I 2
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Characterization of the high moisture extrusion of pea protein isolate from
various sources

LI Tongging’, ZHANG Jinchuang"*, LIU Haodong', HU Anna’, CAI Shanshan”, WANG Qiang*

(1. Institute of Food Science and Technology, Chinese Academy of Agriculture Sciences/Key Laboratory of Agro-Products Processing,
Ministry of Agriculture and Rural Affairs, Beijing 100193, China;
2. Weifang Institute of Food Science and Processing Technology, Weifang 261100, China)

Abstract: Protein-rich food has been the ever increasing demand with the growth of the world population. Animal meat
protein that is provided by the traditional breeding industry will be difficult to meet human needs. Alternatively, plant protein
can be expected to serve as the demand for protein, due to the higher yield and wider resources. Therefore, the plant-based
meat products can be used to partially replace animal meat with plant protein using modern processing technology. It is of
great significance in sustainable development, low carbon emission reduction, and nutritional demand. Among them, peas are
widely used in the food industry, because of their high yield, high nutritional value, and low cost. The pea protein can be taken
as the raw material in plant-based meat products using high water extrusion technology (moisture content of 40%-80%). The
products are also closer to the texture quality of animal meat. However, pea protein isolate (PPI) from various sources varied
greatly, in terms of both quality and functional characteristics. It is unclear on the high moisture extrusion qualities, which
made it difficult to produce the pea protein in the plant-based meat substitutes. In this study, five commercial PPIs were
selected to evaluate the variations, in terms of component content, particle size, solubility, gelation, and high moisture
extrusion properties at 2 different cooling temperatures (65°C, and 90°C). The findings revealed that the quality and functional
properties of PPI, as well as the cooling temperature, were connected to the quality of the extrudates. The PPI with high
solubility (21.24%-25.51%) and strong gelation (0.84-1.14 N) was more advantageous to the fiber structure development
(fibrous degree>1.5). At the lower cooling temperature, the solubility and extrudates’ hardness, and chewiness were a very
significant positive correlation (P<0.01), and the fibrous degree was significantly positively (P<0.05) related to the solubility,
indicating that the higher solubility of protein raw material had improved the hardness, chewiness, product, and fibrous degree.
At high cooling temperatures, the solubility of the springiness of the extrudate was very significant positive correlated
(P<0.01), the fibrous degree was a significant positive correlation (P<0.05), the gel strength and the rigidity of the extrudate
were significantly negative correlation (P<0.05), very significant positive correlation (P<0.01) on the organization, indicating
the solubility and gel strength influencing the extrusion quality. Besides, the moisture, protein, fat, and ash content were not
correlated with the extrudates’ fibrous degree at a lower temperature, while the high temperature after the extrudates’ fibrous
degree was a very significant positive correlation with the moisture and protein (P<0.01), correlated with the fat (P<0.05), and
the ash content was a significantly negative correlation (P<0.05). Consequently, there was a significant correlation between the
content of water, protein, fat, and ash, as well as the quality of extruded materials. as the cooling temperature changed. In
addition, 90°C cooling temperature was more conducive to the increase of new covalent bonds, promoting protein aggregation.
The surface hydrophobicity analysis showed that the extrusion process resulted in the increase of hydrophobic groups, and then
promoted protein aggregation. The secondary structure showed that the increasing cooling temperature increased the
proportion of the S-folding structure and the formation of the fiber structure. This finding can provide the theoretical basis for
the selection of raw materials at the cooling and forming temperature for plant-based meat products that are prepared by high
moisture extrusion technology. A strong reference can be offered for the product development and quality improvement of new
plant-based meat products.

Keywords: protein; textural properties; microstructure; pea protein isolate; functional properties; high moisture extrusion



