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Effect of Water-Added Content on the Quality and Structural
Characteristics of High-moisture Extruded Soybean
Meal-Based Meat Analogues

YUE Chengcheng', WANG Zhe?, TONG Lifeng', XING Weichen?’, DUAN Yumin', WANG Zhili?,
XIAO Zhigang', WANG Peng""

(1.Shenyang Normal University, Shenyang 110034, China;
2.Oriental Group Harbin Fuyao Food Co., Ltd., Harbin 150001, China)

Abstract: Soybean meal is a high quality plant protein resource. Exploring the possibility of using soybean meal instead of
soybean protein isolate as raw material for high water extrusion plant protein meat processing is of great significance for
production enterprises to control production cost and improve the economic value of soybean meal. In this study, the
soybean meal was used as raw material to systemlly explore the effect of the water-added content (10.5, 11, 11.5, 12 kg/h)
on the quality and structural characteristics of high-mositure extruded vegetable protein meat through determining the
hardness, elasticity, chewiness, color and luster, water-holding capacity, oil-holding capacity, and chemical-crosslinking

force and using Fourier infrared spectrum and scanning electron microscope. The results showed that the hardness,
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elasticity, and chewability of the vegetable protein meat were significantly decreased with the increasing water-added

content during extrusion (P<0.05), while the brightness value, water-holding capacity, and oil-holding capacity showed a

trend of increasing first and then decreasing. When the water-added content was 11.5 kg/h, the vegetable protein meat had

better quality characteristics and appearance color, and the denser fibrous filaments were formed inside, and their layered

structure became clear and neat, showing the fine directional structure. The results of Fourier infrared spectroscopy and

chemical-crosslinking confirmed that the water-added content had a significant effect on the structure of vegetable protein

meat, and the structure was maintained by the interaction of covalent bond and non-covalent bond.

Key words: soybean meal; high-moisture extrusion; water-added content; vegetable protein meat; texture properties
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Fig.1 Effects of water addition on water absorption capacity,
oil absorption capacity of plant protein meat
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Table 1 Effect of water addition on appearance and color and texture properties of plant protein meat
KGN (kg/h) L a b T (g) ML (g) HhpE
10.5 54.26+0.63* 3.93+0.53" 17.90+1.20° 2898.83+60.10° 25.82+2.62°¢ 0.94+0.02°
11.0 54.34+0.49° 3.76+0.12° 17.40+0.53° 2718.33+£165.72° 21.52+3.99¢ 0.92:£0.04%
11.5 56.63+0.98° 3.75+0.35" 17.90+0.34° 2092.67+149.55° 16.54+2.70° 0.91£0.02"
12.0 56.53+0.23° 3.6140.05" 17.88+0.17* 1496.17+123.24* 13.28+0.96" 0.88+0.02"
12.5 53.83+0.47° 3.03+0.05* 16.88+0.26* 1435.00+£21.74° 10.66+1.82% 0.83+0.02*

T [l — AR FRER R A 5 25 5 (P<0.05) ; R 2~R4[H] .
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F 2 RIS RTAE AR 1 PR AR5 )
Table 2  Effect of water addition on thermal properties of plant
protein meat

IKIMERI

(kg/h) T, (°C) T,(C) AT(C) AHg(J/g)
10.5 74.44£8.20°  99.39+5.45"  53.42+9.05° 33.72+2.72°
11.0 78.84+12.22° 101.21+9.84* 34.15+8.94* 26.75+3.82°
11.5 77.75+2.06°  101.20£1.89* 50.66+2.06™ 34.39+0.93
12.0 72.60£5.52°  96.52+5.85"  51.60+0.42" 35.48+4.21°
12.5 67.23£4.02°  96.31x1.64*  58.71+7.54" 57.88+7.66°

2.5 KGHRMEXEMEBREN S FENEMN
SO B R S P RS 7S Wk (4
TS9N 78.41. 73.00. 54.05 kDa) Fll 11S ¥ 3k
Oy TR0 4218, 37.62. 34.03, 31.58., 22.05,
19.02 kDa)!"8!, MKl 2 /) SDS-PAGE H k&5 R H AT
LLE Y, BB R A K S s e i 7, A
H AR S T 7S/11S BREE A He gl kA= T W35 1Y
ARl . MIKSERAINE SR 10.5 keg/h B, AR FR I RARE
i FEL UK SR H I 22 194 B (0, 5 2% T BT € I AR v
B 5 7K 438 0 i 3E— 2B 3, 7S P Y o W3k
(78.41 kDa) . a WWHE(73.00 kDa) ., g WH:(54.05 kDa)
LI 11S HE9 A 2853(42.18 kDa)Fl B 2H5322.05 kDa)
BNV I S AR T, I HW LSNP B G A K B i AR

10.5 kg/h 11.0 kg/h

11.5 kg/h

Marker 10.5 11.0 11.5 12.0 125
kg/h  kg/h  kg/h  kg/h  kgh

2 JKITUS IR AR A AR 21 B R
Fig.2 Effect of water addition on relative molecular weight of
plant protein meat
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W, SR PR GRS R A G kA
Bh | ACHREARPE R N R ISR, TR AL T - F a4
KRG, #R0, MoKEnE 12 keg/h #5500
F| 12.5 kg/h B}, AR F1 RIAE Sl 45y TO0 sy 114) 200 (s
PR, 3T HESE PR AR R R ST
DL M AR I, AR FIAS BT 1 43 25 IS 1 X 265 F LS,
AR AR I T A= T SRR, T LU HY, 38 M4 e
IR NG R T4 i 85 U SR G S B AR PR R
2.6 IKGRIMEXTEEB RN IRAIR

FH T DA MEHA Y H A E SN E 3
s e TESRSERR T, TR S e 4enlisor-5
TR SRR, ZEE R S Y VI T &
AEARST S, TRV R P 2T N HA P33R
LR AELS AT, R4S AN 10.5 kg/h B, AHA)
A AP LLECR I AN 2, T B £ HE 25+ PN S FL
Mg A, HEL T B R A2 BB, X =B R FEAR
XTBARMIZK S BT, AR A AR HI L 372 5]
R EE ATy Y) S BT S B B KA SN
N 11.5 kg/h B, MY A AR IEIE R T BN
M LT RN 22 2540, L 2R P RIR G AR5 i FL3E 5, B
FAEUN O RE M Z5H4), 3X FEELIE R T A8 17K S & e
PR LA ZR Y, gt T AR P S i AR PR, SOk
T A ER PSR 53T FR I I TP 2 F LAk A8 S 2 R B
# HEA —E U S T HES 2544, 3 AT —4EM

12.0 kg/h 12.5 kg/h

B3 K I X HE ) B 11 A OO AS A4 1) S

Fig.3 Effect of water addition on the microstructure of plant protein meat
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LRLERTE I, M EEAR 2R F1 R o 22 HAT 2L
FRAZRE4E SORETHELE M . SRR K ST BN
ARELTHE A 12.5 keg/h B, HHEPIE A RIBIR T E 22
IRTTHAELFHRIR IO L5 LA Z AL, 3X B B
IRGTES IR T, HLIET e i T BOE 2 /K 28730
Az, BT AL T B 2 A RO ASFL A5 A, 3] T
B 5T PR IE 7K 32k A 14 % 8 AN R 1 T SS I AT PR R B
ARG, 1 = i LS M B 2 . IbAh, Sl E
IR AT AT R 2 RS B oK, el TR
P B AP AR B 80, (e A5 8 1 -, 11 o A A FH
55, 77 T AFEE RGP, - SEBUEY) &
HRIE LT 2245 B i )2 AR G544

2.7 KR IIENTEME BRI EZEIER LS

IR I XA ) B 1 R E SR E I 1 5%

M AN 3 s, AP H IR s S HBUKERT . &
B T DA R AR 1 2 TR] A 38 B I R AR BRI
M 3 FTLLAE Y, B K ST I i 38, A4 &
PR ) SR AN K AR I B T, X eI 5
KRGS RSV L B S /KIR G, NI RCE 21

P75 N V=55 e 2 s ) 7105 - = Ll I PR T
fto Sheard Z504 A K WPELK o3 & B = B, Bk
VERRAEREE RN 2 T TbdEE K o & i
MIREAIR, S WY T RS e L5100 =2 E
1o AP, MKy EsIEH 10.5 kg/h 3503E)] 12.5 kg/h
Ak, S . KA AR . i S S A R
JeTtEa RS, HAE KIS 11.5 kg/h
B, SR . B KAH BRI . A AR ik E
e, FH T, 3 Y bR S K s i A R AR
JRARYE, X AU BKAH EAE A . s B s B

HHEA R
i BIRSE IR AT, A 1 A RO S5 A 2

i SARIN BN S B AR SRR i . FET B4k
SPESTIEEIE R N, A S i S A X A
FraY A AR STk, AR B AN 13"
AR Z, I HAREH S E O T I A, 31X
Skt IRFE SR 20
2.8 KGRMEXEYIE B A RELHIFR

IRIT BN XT AR A HR A ZLA MG I il 2 40

SEENY, MUK ESINELE 10.5 kg/h ¥ENE] 11 keg/h &l 4a fr7s . 7E 3700~3100 cm™ PN, 5 FoKSrESIns
A, AR AR 1 PR P A R I S I (P<0.05) , T 24 AAEPIER AR B SE AR 25T, IX 28 O-H.,
3 KSR AEY) A AL SR AR A A
Table 3 Effect of water addition on the chemical cross-linking force of plant protein meat
ARG Es N =k — b Tk S BUKAHE. BUKAHEAEM. S BUKAH AR

—Hi i o o s AR
(kgh) i W AR e U WA RS
10.5 0.052+0.003* 0.652+0.01* 0.02+0.002* 0.344+0.001° 0.015+0.007° —0.264+0.009° 0.609+0.004"
11.0 0.065+0.005*® 0.827+0.02° 0.023+0.008* 0.051+0.011° 0.06+£0.014* —0.369+0.011° 0.845+0.123°
11.5 0.068+0.011* 0.657+0.002° 0.02+0.001* —0.12+0.013° 0.001:£0.000° —0.197+0.02 1.236+0.11°
12.0 0.069+0.008* 0.77+0.005" 0.034+0.008° —0.32+0.139° 0.077+0.028" —0.172£0.022%® 0.69+0.242%
12.5 0.082+0.001° 0.641+0.031* 0.069+0.001° 0.452+0.033* 0.006+0.002° —-0.121+0.082° 0.634+0.117*
05 @ sk ot N 012 1) KRR £ 10.5 kg/h 0.07 1©) KA £ 11.0 kg/h
C=0C=N— 115kgh | £\ 0.10 ¢ e 0.06 | / 1644'{ \
04+ | — 120kgh  if~ i - /16439 —~ 1657.8
I1 125kgh Z 008} 1630.5 -, 16575 g 005t 1630.6 16578
L ! o-H Iy Wi N /N ' 2 [ 16714
‘;‘_;(r ° : f\ ':H {\."‘I ; l\: 5 00 £ '1670'7- i 0041 1617 8': ;
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Fig.4 Effect of water addition on the secondary structure of plant protein meat
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N-H 1 45 $% 2h F1 S 8 45 9z h 51 2 19, 78 3000~
2700 cm™" ZbHIRAYSEIR IR 4, X IH R T C-H YR4d
PRBh, AR A IATE 2500~2300 cm ! Ak H ERE I
i 2 5 O=C=0 F1 R-N=C=0 {fi45RshAa 3L,
A IR ST IR S 7K 43 B A B TN S 5 S DRSS
I HAEKAT NN 11.0 kg/h B s & om, X2
AR M A B E MERE A K A as i i T 5 Tt
= ERER AR X S RTEER T A R, T
7 1500~1700 cm™ bR 5 SE R A8 R I = 4
PRILILE WY . 75 RIEFILEEZEAH /) C=0, C=N Fl
C-N i ¥R shA7 &P, W5 5 Y i 25 7K & &
By TN B SR o IR P TN ola RV s w9 O == AV Y S IVA
MR AR BA — 2520 .

FH & 4a n] %1, BEE 7K 53BN AR AL I ARG 8T
I B, (B85 A E M A SR I SRR = i 2R
A (E 4o~ 41), 3@ i g oA nd) — -850k
PR M 0T R aS A B A K S-S I i 0 & A i 2
A4k o ARG SCHR [16] HE 7T A1, o BRE 4 F A
AR, (LT 1646~1662 cm™'; B 1 WA BICA )T 4%
14, 2T 1662~1681 cm™'; FTTHLIN & d 544 B C=0
1 H,O ZMIJE iy S 58 4ids, 17T 1637~1645 cm™';
B1 R EPATAT B0 B2 ARGE A, 43T &l
HEFE, 37 F 1608~1622 Fll 1682~1700 cm ™', 2 A
T BN B IRAIREEH, T NSt AL T
1622~1639 cm™!',

KGN E XA ) 2 R G Eh A4 1 52 e 4
4R, B3R 4 5K 4b~[&l Af A]H0, FEE KSR
SR AN, A AR R 2 a4 430 H BRAE AN ]
&, I HEAARFERER . g ¥rE ray s E N —
WLEF I BRI 1, o o RS g2 AT ST
T p1, RIS N EEAEH D158, iX 5 Guo 5519
WFFEZE R —3, B /K ESINE R 10.5 kg/h B5m
| 11.5 kg/h B, g1, 2 5 o WRE & & 5 2 BEAIGE
e XRAMY B AR P YRR 81, 2 5 o MRIESEHE
FYEEEE U5, X AT BE- SR S m sk KA
Ko Hif DSC S ASBRas Hnl H1, YrklK53asm
ISR SR A4 T A58 9 R E, Hor145
FABE S TR TR, DT SAR A 25 11 2R i AR e R
%o IAh, Mok4rEshE e 10.5 kg/h 3405 11.5 kg/h
B, B A AN TR th 430 2 80 LD Se T IS RIS

e AR S TH i A, X RIS 2 15 K o 414
V., S T RS T A EOE TR S5 AR TR N, 13X A
F = o BRIE . TCHLINIAS M S5 K 0] B 5% A I 5%
(A 1172 51 N &3 e 4 ) 1) [ IS Y = DI P 3 T
FEPA 1) 22 68 FIER (1 B AC IR A AR BE 1 I R, BRI B
BT Z A BRIR AL, X S E gL B gl
H—F,
29 EYMEBRANEXSES T

XPAS[R K A3 G s Al 420 26 1 RSB Aa Rk L £
25 HREER L AR VRIS | AL S R TR D S
B, &R E 5 fise s frs. ME 5 a4, 12.5 F
12.0 kg/h /KAFAHHES 105, 11.0, 11.5 kg/h /K53
iy AR TE, 3 H 11.5 keg/h /K535 HAth
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JHACR 35 . RIS A2 An 0] UG Y, 685 S5 IH G 3
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A, —aREEITAL \EE Ty ], FREH T ARk, o oA
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Fig.5 Loading plot and scora plot and biplot correlation
analysis of soybean meal simulated meat
e AT B L B B 7R 95% By B AR X (8] R i ZE IR
FRAF— WK S IR AL 2 (A AR 3R 105 ke/h, 4L (AR
11.0 kg/h, 75 (04855 11.5 kg/h, BEEOALFE 12.0 kg/h, 1 A4
% 12.5 kg/,
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Table 4 Effect of water addition on the secondary structure of plant protein meat

KB (kg/h) Rl
Jil y;7) B iE P TERLI) A h
10.5 11.68+0.06° 20.07+0.04° 20.51+0.01° 26.37+0.04¢ 21.37+0.04°
11.0 11.53+0.03° 19.99+0.03% 20.26:0.06° 27.77+0.02° 20.45+0.11°
115 10.75+0.05¢ 18.97+0.01° 19.91+0.09° 30.36+0.03° 20.01£0.09¢
12.0 11.46+0.08° 19.85+0.03° 20.35+0.02 27.95+0.06" 20.39+0.03°
12.5 12.34+0.07° 19.89+0.03* 19.65+0.19° 27.33+0.08° 20.80+0.05°
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Table 5 Correlation analysis of soybean meal simulated meat
Eiztas T MR 7 B L a b K S
il -0.735" -0.521" —0.552"
)7, —0.689™
AR TiE 0.556™ 0.556"
PEf 0.692™ 0.542"
JCHILIE: —0.648™ -0.577"
A RKE AH 0.536"
L -0.671" -0.670" -0.659™ -0.555"
-0
B KAH EAEH —0.688™ -0.859" -0.714™ —0.768" -0.527" 0.743"
S TR -0.789"
SR KA AR
TR BKAR B —0.841" —0.630" —0.749™ 0.620
AU KA BAE 0.622" 0.575"

HE: #TEP<0.01 905 (WU ), AHOGHE 8355 *7EP<0.059¢ 53 CBUR ), AHOGHE 3

Ko P<0.01 B, L' g R IEAC, L™ A
Bt T B A TR DG HLR IR R B RO . P<0.01 |,
Rk e g1 B 5ASE, P<0.05 B Rk S g% fA
AU+ A+ K AR EAE S ARG . SRl
P<0.01 W 5B /KAHE A S TEAR G B 2Rk R 80
KoM 0.743,

25 R, AR N BT R R A S
R h g SR . . SR O B B g
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B2 FN B EE S AR A AR Y EE 1 P A S BE S 2
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Sk S SRR (R AR [ DESTE SNTITE Sl i ea
B2 KAH EAE R
3 it

AR SC LI NG R SRR IEORE, #R5E T /K 3%
S X i K S EAR ) A P BRSO 4 A4
BRI o WFFEAS IR, JK IS N & e 55 R
A ) EE BSOS ) A A ) AR P SR
B2, BEE BT R AR oK S ES N R N, AR
PRIRRE L | 58ME | MELER PR S 2 I, TS BEAELL fF
IR RS B e T S R . K ashn
TE 11.5 kg/h BsF, AEYPEE 3 P HA B 59 5 5 S
LrHESS Y . YR SR T IN A )T a-BRIE | -
Y&, JOREHh 25 m] p-5E M aaFeAk, Rl fesidt
Hrid SARS B SR, XA E AR
LRGN, T2 LBAT—E M B9 B HES 5k BAT
PEFEVE o 7K G355 AR A HA B2 T3 N
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