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Comparison of Gel Properties of Tofu Prepared with Different Amounts of

Physalis

ZHANG Zhiheng, CHEN Zhenjia', LI Yu'e, WANG Xiaowen, ZHANG Xuebing
(College of Food Science and Engineering, Shanxi Agricultural University, Jinzhong 030800, China)

Abstract: After preparing soybean milk from soybeans of the same variety, different proportions of physalis (20%, 23%, and 26%) were added.
The influence of physalis addition on the gel characteristics of the resulting tofu was analyzed by determining the texture, chemical force, SDS-PAGE
pattern, microstructure, infrared spectrum, and other metrics. The texture of tofu was enhanced with increasing amounts of added physalis; the hardness of
tofu reached a maximum value of 3.53 N when 26% of physalis was added. Under these conditions, the water content, water retention, and yield of tofu
decreased significantly (p<0.05), whereas the protein content increased from 13.09% to 15.28%. Disulfide bonds and hydrophobic interactions were the
main forces driving tofu formation containing physalis, accounting for more than 90% of the total forces, whereas the contribution of ionic bonds and
hydrogen bonds was relatively low. Hydrophobicity in 7S proteins was the main force driving gel formation. Some A subunits of 11S proteins were
connected by ionic bonds and hydrogen bonds to form the gel. In contrast, macromolecular protein aggregates as well as B and Az subunits of 11S
proteins mainly participated in gel formation through disulfide bonds. As the amount of added physalis increased, the gel network structure of the resulting
tofu gradually became rough, and the o helix content decreased from 16.00% to 15.83%. Random coils decreased from 16.04% to 15.80%, and /8 turns
decreased from 34.12% to 33.57%, whereas /3 folds increased from 33.84% to 34.80%. In summary, the amount of added physalis significantly affects the
gel properties of tofu.

Key words: physalis addition; tofu; gel property

E[BEEW

R G RIR A, 2 T I S8 AN (R R e ) 4 PO S S S 2k B (0] DA T i FH,2022,38(4):161-170

ZHANG Zhiheng, CHEN Zhenyjia, LI Yu'e, et al. Comparison of properties of tofu prepared with different amounts of physalis [J]. Modern
Food Science and Technology, 2022, 38(4): 161-170

WiksEEA: 2021-08-20

HEWE: WAAESHETRIBIE (2019030221035) ; WAERIASFETRTEE) (20162206)

fERE T KEH(1997-), B, WL, HARAE: REMNFS5TIE, E-mail: 18335462754@163. con

BIVEE: BRREK(1981-), 5B, tEL, BIEdE, AR EYERRRSERIEMHE, E-mail: 134532163500163. com

161



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

SR E RSO RE A i . Halid
KGRI WHE 8. Ik, e AR 4 T 2
i, EEAERET, KREEAKREARNE. MRS
SEATH, A =4 a2
U GBI B, P scitic#™, MEaR
FEmT 8%, i —iE IAEEE RN AT Bk, (5
M FIREEIRT 8%, DUER INFATCIETE BRI
i A B IR LB T A e, R R AR
FEART 8%, PRILAE &2/ (] i R v b 20 i e
o ARPEHEFEINLIL, SR BB =3, A
FRISBEIEN . FRISBER RIS BRI 77 o R IHE R 711
2% IS SRR DG 3w, BAWRIKIE AR,
EORIFUIRE LR KR 2 Bt i 77 &5 P45 L
FAPELE. TR, JCFRuR, (EHAEEE AR, HARA
s RIS 7 % T A5 ELJE PB4 . OR/K Ik A
SAMEAFE N, HE RS, BRI,
PORRE HIR KB AR B R (RVERH) W] LA
N R G, RIONRRIE S, BRI SRR
o B, BAMREREFRIME, HAlfEL R
FINES, BSERRE T, PAERCRKE AR KR
VEJBERE IR A, 8 7 XRIAEEERSEE, Rt
PGB e — MR RRTCTS R B o R TIRHK
BRI HOEAR Z, AR, B A
R, SRR SR AL AR, AT
I FEA LR SLIE ST ARSI A, LI i
SEIEMFIL T HAL A HUR, R —GHRER N
TREHEE RN, SRR AR N E, REHSE
IRt RS MR R, (EHERR TR ART. KAr%%
SEMAL, TE TR SR IR ML R, (H2
TEA TR IS BT SR K ) ] BEAFAE
M4BT (Ca’' Mg™") TEE AR I BTk,
Qiao SR SRR BERR S I A LR % L-FLI,
UERT T LR R R I A . R BPmd, 3K
AT CAHE R 2T B [ ATL P R R v FLIRR A
ANURBEE R, BT RERS M B ERRBEE LR, Rtk
XoF T I 0T 1 gk [ WL B 5 Ak — 2B I 5

FERRIE IR, S 2 BB Rk R PR 3R AR
%, BEEUKEL, BRI, AR BRI AT
B, Hoh, BRGSO E R BT
XTI I 7T 3 AR rR R I E I 7y B 5 45 5E
DT, SRR GBI TR, ARG R
FEMBRLAN AN BRI SR At i, K7
ANTEIBRE I PRSI R IR S R KA o

1 RS

162

L1 A5 R A

K&, W8 K, KFERAEZHGARA
F][pH 3.9, g fE=4.14(LAFLEZTI)]; 5 S Wi G-250.
AMiEEE. TAKEEE. B-ME. FEBRE. H SR
WA T e IERRIREN (SDS). IR . AR %L «
KA TFREOWEE. WURREL . =R EEER
Bt (Tris). &N, JRZE, 4.

1.2 RIGPLE

H B ERNL, TH R BESERAR; $
BRI AL, RESMYUAERA A
TMS-Pro HY Jii #4 1¢, 2% Food Technology
Corporation; DYY-7C B HIKAC, IS —XE) s
AR, R EERE A RS AR HH
RYVECRIEIR AW B HETINASERERS, S mRWT
A HBR AT HC-2064 S B Ol KA RRE
Ol LR R ERPAAEE AR AR B3
JRAL, TR Z MR EIRAF: CM-5 B
ZAN, HAMJER3EREIA; Tensor 27 Y BLIH-AFHa 2T
MR, 18 Bruker; JSM-7500F ¥37 & 5 H
TEME, HAR TS SCIENTZ-18N 274 5
TEHL, TR Z VR AR AR .

1.3 R F =

131 BREIE &

Fi#E Kamizake!™. Khoder 277300 LAk
HERHSIREEE . BARPEN: KO3 Ik, =
IR 12 h, WK G, BRE 5K 1:5 (/v
BEH, HHZE 200 Hidifi b il fE, m#GEWE 5 min,
AHIZE 85 CIRIMABRIEE, BRI HIA:
20%- 23%- 26% (V/V), 85 C/KUHAE 10 min (J8
i), FrfGAcE B R ET, R (60 MPa,
30 min), FEHIGFHISEUIEIBGEE R, T4 C
RIS
132 BRI ZJE A a2

W S T S B VIR 4 emx4 emx 1 em [R5 514,
KHI P Z R (TPA) W T8 AR ),
MRS E R : PWGERE: 60 mmys, MHRJEHEE: 200
mnvs, BELEFEE: 15mm, FEEE: Smm,
WIERE: 3 s, #HEN: 04 Ny FEMEEREENE 10
W
133 BRRZFFER. SRKEEMFKEG R E

%18 Kang 5Tk E GB AR, K fFEar
MISE =R TEE S min JFFRE, 15 100 ¢ Tk



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

SR EER R EEEE,
TR/ (g/100g) =%><100%

2

KF:

W—— 2B,

W,——FXKERE.

Z 8 GB 5009.3-2016¢ & i 22 2= H FbniE i
AT E ) v B TR T e S A K

(MC).

R F 2R S kel o SR K o A
F— PR R A0 I 50 mL S50, A TRHR
PR, 7EPNE N —3K B4R, FREGEACH FIN
IR my, R | g SIETAENEAR b, SR RRILET
WA I my, 3500xg 5.0 10 min Ji5, BRI
B my, SERRKEIEIE LT A

G =2 T

(m, —m, )xMC
134 BEEBFEROR2ZHNZ
AR EES% GB 5009.5-2016,
1.3.5 BRR 2R BIRAVER el 2

Z# Gomez-Guillén 7538 HI/NJIYIEL 3 g
GIFERIINEE A N 435 20 mL ) 0.05 mol/L
NaC1 (SA). 0.6 mol/L NaC1 (SB). 0.6 mol/L NaCl+1.5
mol/L JKZ (SC). 0.6 mol/L NaCl+8 mol/L JX& (SD)
A1 0.6 mol/L NaCl+8 mol/L Jf Z+0.2 mol/L f-ME (SE)
RIS, SE A 10000xg B0 10 min. A% Dy
SLHEENE FIERPEAR A E. BTk
T SB WS SA P ER AR & B2 ERFOR,
S TR AR R T SC AT S SB IR R A i &
ZEERFTR, BUKMEA AR DTk LR T SD i
W5 SC P EAMR S B KRR, hstruT
R AV T SE VAT 5 SD VP EE AR & B2 22 kK
TRe
1.3.6 SDS-PAGE ®.k

RS % HERRFREL 5 mg S IINEE S AL

(0.4% SDS. 0.2 mol/L Tris-HCl, pH 6.8+ 2% R4
JRED B, IZEKAN R E SRR 1 mL, EHIRAE
AR s AR S RS I AR S 2 IR PR
B AR P R B IR FE TR 2 | mg/mLs

SDS-PAGE H13k%FH] Backman 2521771, #i15
(1) 53 B R FEE N 12%, WA ISR S 5%, A 6 pL,
TEEHPK, AN 40 mA, RYERHEEN 100 V, 45
BRI 150 Vo HLIKSEEE, [E5E 2 h, HfA3 h,
e 2 h, SR EE, HotrERE.

13.7 4244 T SRS

x100%

A Guo S I i 4R it o Hs bl S 4 1) 5 18
PIEK 2 mm*2 mmx1 mm PR, FH 2.5% 1% B3
W4 CTEE 14h, FHBERERZ MR (0.1 mol/L,
pH 7.2) ¥E=IK, £FIK 20 min, ZRJGHRIK 30%- 50%.
70%- 80%- 90%- 100%H] LEEATMIK, SRFETER
RHAE, FFHATESAE TS BT SRTE
FEf G b, ERE R 4, 6 B 2 AEE (10 kV)
NSRS o
1.3.8 AFEet RIS HIESHT

2% Shin ZEPNR 7RI R S I S5 K
A ARG EA TR . AREUA TR
10mg, fIA 1 gKBr, {EWMEFITEES], fEHER
MR AYERGEH IR (EF7: 10 MPa, Ff[A): 1
min), %5 E AT E . WK IEE R E RN
4000~400 cm™, MFERAN 4 em™, SRS 24 1K,
FIF Peakfit T PFxt IR THE AR 1E LA RURN i
LA ALEE, ARPEE S RS R R, R ST
T AR RS R AE R B &

139 #3EH

FIF Origin 8.0 A1 Excel -4+t 1
K, F SPSS #AF W AS Rl Ab R [A] () 22 ek, K
PN p<0.05.

2 ZR51He

2.1 BRAA B R TR A R e

R 1 BERRMEN T ERAGMERRR
Table 1 Effect of physalis addition on texture of tofu

E R =73
BWEY%  BRE/N AT M /mm eEEM/mI

20 1.24:£0.08°  0.4+£0.03" 2.54+0.30° 1.27+0.23°

23 1.89+0.15° 0.38+0.02* 2.68+0.25" 1.99+0.41°

26 3.5340.15°  0.4+0.05" 2.83+0.42" 3.63+0.53"

E: B8 FEAREATLREFEE (p<0.05).

J AR VPN IR K L SR B R —,
JEUABIASC AT LUASEAT 1 s MELRS , 725 8L IS e g ) R R »
X S8 R A A b i R R IR R AR, R
i EAR R EIE R fE, IREIRA SRR A E,
HEHE N RIS, AR B A A 2k,
HI TPA phek!"™, SEFRAERE. sadE. pySRPEAE gy
NS, BRI FEE s I I 24 S5 AL O AT UK A PR SRS
A DL R FAEBR S AHBTI NI R AR IR /T, & Sk
TEEST R EAER RIS S B 2D, &
TR A 2 RO T TE A R B SRR IRAS R RE T,
B DU A RE RS RV SO mh ikt

163




MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

S AT T HARGUER — AL, WH g
SE SR [ A 4 ML g 38 T A M R A P 7 B A
B, BRI BRI B R B i 5

MR 1 AR, BEERRIRISIE RN, SRt
FEFIH I B E K (p<0.05), SR AL R
fHIREE, AR, G R KGR A
JR=LEM B AR AMER I, = ZEMI 8 ZE R b
HIsRISHCR T2 5 A BEAERIEROT e AN FIRR
FRMESPRERE R H N2 D, REES
SFEOCHEE BRI R . BRIRIEBR, 2
SRR RRIR R i, FAf EAE It 2%
VIR o BER PRI LR 10 52 T R RVREE FEEAH ] (A A
%, VBRI RN, MR SR HIHTATE
RETIREZ 35, TARKE RE e (B P B4
EORPEIARTR, AR SRR LI B A ) 5 55
9, W I I P TR R/ S FL B D i ) 38
IMTERENEAAL (p>0.05), RIIRIK G R BYREE T
55 H— € JE BN IR IR AN I H Lo, 125
Cao PRI — 8. BAKE, MIIRINEXT
TEEAORERE . FREAIH RS B, T B
JE FA N BRI AN K

22 FREBEAMENTHEEKELRAKE

H % v

220 a
200
180
160
140 -
120 |
100 -
80F a
60
40
20

0

CO&KE
b Rk
| ?TE:KC

TR EKE ROKTE. 5%/ %

20 | 23 26
BRSEASINEE 1 %

B 1 FRERAMEH &N EIEEE. SKERRKME
Fig.1 Yield, water content and water retention of tofu prepared
with different levels of physalis addition
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Table 2 Effect of physalis addition on secondary structure of tofu
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