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Compound Additives Proportion and Quality Evaluation of Frozen Tofu
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Abstract; To improve the processing and quality of frozen tofu,the effects of compound additives on the quality of frozen tofu
were studied by screening the contents of soy protein isolate , modified starch and carrageenan.The results showed that the soy
protein isolate,, modified starch and carrageenan were 0.5% ,0.03% and 0.03% ( w/v) , respectively, based on the water
retention and rehydration of frozen tofu as index. Combined with the results of single factor test, the effects of compound
additives on the quality of frozen tofu were studied by means of sensory, texture and microstructure analysis.The experimental
results showed that when the compound additives ratio was 0.5% (w/v) soy protein isolate + 0.03% ( w/v) modified starch +
0.03% (w/v) carrageenan , the frozen tofu has good gel property and good heat stability , the protein structure was uniform, dense
and has strong boiling resistance.lt showed that the quality of frozen tofu can be improved by changing the concentration and
ratio of additives,which is beneficial to the large—scale industrial production of products.
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B il T i SR I 5 B8 1, I s v AR 1 431t 45 T
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o AR I 5 e F 3 R BE O T, F S A4S B Bp — Bk 2 A
AT 4 5 0 8 SR B w2 ), DA AS B AE S
S V& VR B AR PR S TR, SR v R S B RS AL
Tolb A=t s
1 #elEF*®
1.1 5N

WERILKRE  WASE TAREWAERAF;
FRTAEE A (B EE) SPT b 50 2 B U5 A= W Rl 4
AR RP ke s B AR YR A R A\ 5 AR
PEVERY AR VT AE PR A BR A w5 S A EE TH Y
7l R E s AR B R AR A R A

HT-N(S) B 7R JR N Al 45 A IR A
F]; WK2102 BRI REYT T 43 35 00 2B 1 HaL 25 1 3 A BR
AT CTKISOR B ML Kb @ B R 7=l IF &
DX AR B O WA #5 A BR 2 =] 5 TA - XT2i # 5t 44 5347
1  FL[E Stable Micro System 2y ] ;J— AD16N ¥4 1%
FUREHL U AL B A 24575 BR 2 F] 5 SUB010 %l
KRR BHEE FE Quorum 457,

1.2 ReH*E

121 AEESHEMTTZ Xazosik->ize(12~
I5h)y>#Z—->BER(2:K=1:7) > E>mMmKEH
(0.01% ) —># (£ ¥ 5 min) — 5 i (ke 7 B Aegk B
)= (10~15 min) — R A (2B AR & & ) 30 min) —
A (=18 C 48 h) K&

FRiE 100 ¢ (RS A % 0.01 ¢) 5, 391 10 h
(0.5% 1) NaHCO, 59 ) , #Z 5 min (3k7K) , 5588 7K
BN (K 1:7,pH6.5~7.0 , 5% 90 °C) ,100 HZb
ik wE I 25 22 0, N A 0.01% 4 .7 /5 15- 4= 5. 3%,
95 C & JBE W He4s 5 min,80~85 °C Rl A B hn 7 #n
B ], AR FRE 15 min WS AL, 75 548 2 A
HEH] 30 min GRS S EIE IR, BEUIL 5.0 cm
x5.0 em x2.0 ecm 1EA—18 °C 44 R %% 48 h,
1.22  FAPESL
1.22.1 KRESEEARNENIE RS RIEE
80~85 °C , BN HASHEVERY 0.03% (w/v) (L 400 mL 2
W), RPLIE 0.03% (w/v) (LA 400 mL & i o
W) FEHAL SR AN AE B IS LR, B UK F 4 B R
B R 01% 02% 03% 0.4% .0.5% (w/v)
(LA 400 mL 23k 238 3) , i ad kP (% ) (kP
(%0 ) 53T 2 R .43 85 2R S i o o TR 3R 1 e

&1
1.2.2.2 5 A S A8 0 My 45 i B 1) B DR 3R A R S

B fRiF UMK IR R 80 ~85 C, KU 4B E A
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0.5% (w/v) (L 400 mL 2 ik & 3K il), K P ik
0.03% (w/v) (1L 400 mL 23k 93231 |, 78 Hofth & 42F
ARAR IS LT, B BRI R AR PR I o 0.01%
0.02% .0.03% .0.04% 0.05% (w/v) (L) 400 mL &k
ST LR (%) Z KM (%) 53 HT i e R
4y B R SN B R R i I AR AR

1.223 RIFBINEWRLEFEMELS REFE
WU 80~85 C, KA E&EN 05% (w/v) (L
400 mLAE W ST , R EAEMETE AR 0.03% (w/v)
(LA 400 mL 2 3 &3 1) , 78 H A 554 A8 48 19 1
T, % B B R A i & S 0.01% L 0.02% , 0.03% .
0.04% .0.05% (w/v) ( )k 400 mL & 388 T3 3) , @ ot
PRIKPE (% ) IR (% ) S B e K G 53 H T
ne R Rt &M

123 & & FEFWE RIS &I g
(g/400 mL) ARKMPE(% ) ZAKRME (%) BB A
S AL AL ¥ 55 R 5 S8R b, 38 B 2B IR 9 B
A VG BBl R A T3 B 5G4 T, 0 S 52 TEC % i 5]
M BAERC L, A3 I BC LR 1,

F 1 AR RESINREC L

Table 1  Additives ratio of tofu
e KOKHEE  REFESER el RRR
(g/100 mL) (%) (%) (%)
1 1.00 - - -
2 1.00 0.5 - -
3 1.00 0.5 0.03 -
4 1.00 0.5 - 0.03
5 1.00 0.5 0.03 0.03
6 1.00 - 0.03 -
7 1.00 - 0.03 0.03
8 1.00 - - 0.03
1.2.4 45650 E
1.2.4.1  WEREE T RENE  SERT RN N

400 mL G A T TR 2R . T Ky
TR,V UR L R ey, HRE RS R A
1.2.42  TGJERKME(WHC) E  BRECEDS TR
i 3 g CRFf %) 0.0001 ) MR, FESRDIIE 3.0 em
x3.0 cm x2.0 em FRE(W,) , B TR FTIE 2 = G
FMEEY 50 mL B .08 b, ¥ 4 °C .9000 r/min E5 0>
20 min, RITGIE RPN, 57 LIS, T4
B B8 AT /)N 0 M 5 25 ) 2 T Ak B o AR . PR R
(W) FEAR Y T =X A kaE ™Y R E L
3 Ko,
W, -W

BORIE(% ) =—

1.2.43 ABHEEEERENE KL 15 g BHEHE,
P 4 em x4 em x3 em @S G0 0 M, FEHERG R
ORI E 0.01 g) , SRIE 4 Uk S JERE S i Tk
A 10 min, BUH B P7K 5 min J5 AR ECE 2 104F
M, FAEFFRE R Z 0.01 g) , B /KM F =034,
AR P E A 3 ),
SERHE(% ) = 100

2

- x 100
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1.2.44 BHREEZEIENE B0 GEREMYIR — R PR 10~15 min \100% 1% Z LV 2~3 ¥R, F5 UK

2.0 cm x3.0 cm x2.0 em WSS IR HITR S, Wk
B 0.5 h, F A S I SE R M R B, 1O SR AR
T IR R (I )RR R

1.2.5 WIRE/KGENRETE #iF 10 A1 #5200
R Ve B U [R] 4 20 VP 2 /N2, 1 S D A AR
5y B R LD S8R P E I e bR FTE S I,
XV R K 3 5 1 S T IRCE PP, TP E S BUR
JH 10 43, B RV i ARV E B 0L SR AT, A
RS, BRSPS 22 A Ak

1.2.6  WUREJEFMIE  BEE TPA B9 i 2
BTN C1 M 4 iz shad 2 o B e 58 Ay
GEAE 4 CHM FIRAL 12 h FEH/NIDE RS
JEWI N 1.0 em x 1.0 em x 1.0 em FSE 5, FII ] TA-
XT2i T4 53 B A HgEAT 0 Ao fE ] P/36R FREF
FERE T R 48 IR 2 50% A8 IE fih & 1 5 g, TOUI 2
5.0 mm/s, M 32 3 1.0 mm/s, M) 2K J5 RO
10.0 mm/s™ o MG 9V R S RRE T 4 C R ARAF
12 h JE g o AE TS Ta], ) a2 B 2 AR A 0 BT
b SH, L FERE R SO R &5 P R JBORS M 45, E B R
150 Z DT 3 ik

1.2.7  SEMORESH I e RIS LN BT
AU UL V2 R L I AOUL 45 ), Y8 R R B RE
P27 0.8 cm x0.6 cm x0.1 cm 3, 2R )5 #E47 [E 2
(pH6.8 [ W 4 CURFETPEE 1.5 h LL L), v
Ve (pHO.8 B MR 22 vh ¥ WK, vk 2 ~3 IR, § ik
10 min) , 7K (R EEARK IR S 50% (70% 90% £ B 4%

10~15 min) , B (100% Z. B AT BE = 10 1 F4lim
TREAS—IK, BEK 15 min) , T8 (-20 CpKFH7% %
30 min , 2R T 1 4 h) R AR, U &k ()R B N
10~15 nm) ,FESHARERSE RS , 76 5 kV 2544 g
gogk
1.3 HEE

SRR IR =) W S W 3 1 ) G T
VEEIZR A Origin 9.0 %4, % ¥s b ¥ FH SPSS 20.0
A BEAT 7 22530 Mo 25 7 W R T o
2 RGN
21 BEEIXW
2.1.1  RESFEEATMENREZELLE  nE 1 pr
R, 24 SPL ¥ M 0.1% (w/v) B8N E] 0.9% (w/v)
Bk, ¥ VR S TR A AR AP R R K P i SPT 8 & 14
BN BN (p <0.05) By, 45 R FPI%
VR AR e S T3 oML AR RIS PR S =
ERFIEMIG, S EE A ZEIE R 240 =48 ™
LG R e OB R R 5 SPT RN i X v R S Y
SOKMEEUMNRVER ZER IR 0.5% (w/v) B, % TR
TS KB ATy 23.42% , ik Sl T K R A
TR s A P ) o R v T B B X 45 235 44 HE TR 4 Y 45 S
KA SR ARSRhn SPL BRAN& , ¥ Uk B AR f
PR PR A2 KR S B0 R a8, 40 iR 3 08 45
AT RE R T 0 AL & SPI 5, ¥ 55T K 4545 &
15 % SPT AR | 3 1 3 4 S0 | B K AR A R B A T
RN R AR 24 % 1, Be P e fE SPI

K2 RUHREKGIEMREIE

Table 2 The sensory evaluation of frozen rehydration tofu

Jebr % S N
IMBAR e He 7~9

SMIL(A) AL B T RV R 6 T ) 5 SEHEFE RLUF 4~6
RS RE WA B 1~3

B 3 e 7~9

B (B) o 45— O e TP RE B B ) ) Rl A 4~6
Bl Ak 1~3

N S R e 7~9

Z1HHE(C) el S b 4-6
e it 1~3

AT T AT 1 T A, A0 bk VA ) 5 7R R , TC vk 7~9

Kk (D) A7 VAT T 75 bR R R | T S AR RS , TS 4~6
TR | 30 2o ML AR S SR 2 T 5 Ak K vk 1~3

‘ R W EHTEIA 7~9

H JRCE A § _

@ (E) Rkl LA 6 B I 4-6
EPRATE N B — TR EHE 1~3

S Jaf Ji% LT YRk . -

e S B 7 1 AR, SRR S 7~9
IR (F) Ui boipiringl BRI, A Ok 4~6
” e TR AR RS , ORI 27 44t R i 1~3

IRTHE% 7~9

BARTTHEZAE(G) SO R R A S e w2 4-6
s el LI 1~3

T(E47) =01 xA+01xB+01xC+01xD+0.1xE+0.1xF+0.1 xG
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Fig.1 Water retention and rehydration of
tofu with different addition of SPI

2.1.2 EVEFERASINGE BRI R SIS B 2 TRl
AR E AT S I X ¥ VR RS R K RN AR K P Y 5
M, A VEJE R AR EE A 0.01% 3N #) 0.05% i), ¥
Ui SLJE A B ORI P AN SZ K P B SPT 8 in - 8 184
1o 5 L e N S T R R e, A R T T A TS n
9 0.03% I}, ¥ PR S JEE A il B PR 7K P T A UK 1 SR A
FRABST 3 18.43% F1 22.75% 45 R R WIiE s
JASPEGERS 51T SR K FE, 15 58 JC E T XA I K B
J1, WA BT 1 BRI B K, N EE R B9 PR K BE
YRR | T4 R S B R R L
SR NI — 5

20 425
19 124
18 — 123
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il

T 15 120 &
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Fig.2 Water retention and rehydration of
frozen tofu with different addition of modified starch
2.1.3 RPBEHIMEAAEZESE  E3 R,
RRLBAS I 0.01 % B4 0.05% 0, -~ Hr e
XV UR S B AR OK M AN R PR PR RIVE . BEEE
FRRLBEES I EIIN, ¥8 VR S8 1 AR K e AN 52 oK vk 2 3
I (p <0.05) 1y %, 2k L2384 i SPI s+,
VR JERE AR AR AR AR 35 (p >0.05) . Kk
P HES 0"~ 0.03% B, ¥ 1R W05 (A AR ACPE AN A Ak R
WS B KAE 43 5 Ry 26.82% F1 27.02% . iX 7] GBS
TEHINATEME 28 R PRSI A T SRR K Y 5T, [RIET
RPLBAR I i g, By 1k H W B, 00 AR 1k AR %
U ARG R TR G A4 T P9 B R TR R SR
eSS, DT P2 2 AR K VR
22 REEBHFFE.RAKME. S KR MENE
2% 3 WoR T LA K Sy EE E 5 9T 3 A i o5
il #5 B9V VR R i SRR, AR R T e B (L
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B3 AR XT V& VR B PR K PR A A KA 5
Fig.3 Water retention and rehydration of
frozen tofu with different addition of carrageenan

400 mL BRI IT) PRoRYE S AR P S FE A o
FPTR, HIE A 2 SR, th T a1 SPI-A8 P
TEMYFN SPI-—-RI B Z FC s ), i 40 3 .4 S iy
ORI K S JEE B AR KA S KPR AN Ak 2 B
BEHIN(p >0.05) iR Al GEJE H 2y SPL 5 A8 Pk
VEMY Z RN FEAE T, & 5E SPT i I A 3% bk %
PR S RGN, v B R AR A A ) = 4E
LKA, RIS ARPEGE R AR RS AT 5 KI5t
IR L =AML T O B A, RO R
FOST ARG AL, $ 2 S I BE IR 5 R K B T o

Siku 2 6 ‘SAH L XSG 7 S A AR VEGE K -
R AL B AN TR, ¥ R S 7 i R OK A K
PN B AR 22 (p <0.05) 3. M4 R th T
R AT AT S i R ek R X S R 2 4 A 1 A
IR, RR B T S 7K 53 B IE A%, B AR UK A 9 2
£ YaS H T oAl 2R R i A T A 1 R 2% 45 R Y
MR, AT PR 3 1 Y A 4 1), [R) B 22 A A e 1)
RSz 26 1 eSS IR 6 4 8 S A, i
Y2l 4 S U T SPL— R 7K 52 e ds 50, v VR 5L
B AR S R T & M 3 (p < 0.05) 1F
e 3R Hh T A R R AR 2 R R A ) = 4
S AT SO R il S S VA o 7 7 1 40 | S T
R A A A B TRV, A 7 JBE SR 7K BT v it 1 B
EEZIK Iy, R BE 454, 5 8 B sl g
AR

5 HAWCI AR L, [RS8 SPI- AR PEGER -
B B 1 2 B v R S 5 e AR OR AR SRR VR A
FNER R (p <0.05) B, X T AR ThoK T
HEE SN, m ¥ E H Z B U A8 59— 4E )
ZREAE AR VETE R TE 5T SR K Ak B[] I 54 Al B Jie 2
Vi) %) 24 &4t bl 20, i R OB S X /K 43 F) A 2 R 4 i
SRgsi (] S 7R 23 R B AT v iR T AT B 220K ),
PREFEABE N S5 , 5 5 B s B 42 v S5 A AR
PEPTR L RG4S ST 5 5 VA VR KL B AR R

et
2.3 Iviﬁﬁﬂ(_;}ﬁﬂ’]ﬁﬁﬁl:l:ﬂi
ARV R I 7K 5 BB VT 43 SR B Y 85, 286

K4, K4 ﬁﬁﬁi, 5 H A X 56 2H AR HE LJﬂ/‘QE 55
A (R A= A =S 2 S =N D =N 1 55 2
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Table 3 The yield, water retention,rehydration and boiling resistance of frozen tofu
S 71 (7400 ml.) FRIKPE(% ) BKME(% ) ifi 7 1 (min)
1 70.78 +0.08" 14.18 +0.13" 17.2 £0.23% 6 +0.11¢
2 76.99 +0.10° 22.19 +0.29° 25.13 +0.31° 12 £0.13
3 80.83 +0.15" 23.89 +0.58" 29.57 +0.27° 13 £0.09°
4 100.27 £0.03" 2271 £0.11" 28.69 +0.35" 17 £0.12°
5 105.98 £0.11° 21.93 £0.37" 18.91 +0.19" 22 £0.22°
6 81.27 +0.17* 18.67 £0.17" 19.97 +0.21° 14 +0.14°
7 98.59 +0.23" 20.59 +0.13° 19.98 +0.28° 18 +0.23"
8 81.23 £0.43* 16.52 +0.15¢ 21.02 £0.43" 13 £0.21°

T PR PRI 22 5 .35 (p <0.05) , 3 4 [A]

I (p <0.05) , AHXF V& R 52 7K R JE A ity ) XU 5
PR AN 2 (p > 0.05) o X J&E i THs i SPL- 72 1k
TER— RIS BCAS NGRS , S 3E rhok s PR & A
HEIN, v A 1 = (A A 2 1 = AR 28 254, R
P HAT 0 8 B0 1 () R B AR, ME A
(5] X 285 25447, [R] A, A P A3 SR S 7 2 P I 2 1] 19 245
Hh S R O I X K A3 A A A R A i bR

—s—ll
—e— itk

—a— xR

—v— {5
——GilE
—a— MR

—— 4

K4 RURE KSR
Fig4 The scores of sensory evaluation of frozen tofu
RIHEEKEEFRMNE

L TPA U5 S R 5218l BRI 2 5 vl 4
ZAHER AR A MBI 2. gk 4 Fros, S BC S n )
ATV VR K FLE B A AR R AR A . S5 R oR,
5 H ARG ZHAH L, 50 20 5 5 9 R B2 K TR
BEH /N A SPI=AE M 3 M5y — = 37 )8 52 Bl s 57 )i
Vo VR LSRR S B AN AR, 2 TR A OG220, 18 11 v
s G 2H S 5 Y SRR ORG 4 e A RELEE G DG,
A SPI-ZEMEFEN — R PR BC IR LK b

2.4

WL R IR Bl = 4 25 8] I 2% 25 44 g Bl I, 28 P 3
AT A B0 2 BE I A9 PR K BE I, Il R
i S OAER R ks S i B sl L1 N 74 2 17 N SE A (S =
FUS AR 28-S VR, Fas ol a0 SR B 5 B8 31, o5t vk i B9
S PR S SR AR ELAE R, AT R e A
FIESZ AN A A58 P, (00 v 7R 520 K S JB8 A i B AT 552
b B e o (B TC S 0 500 X ¥4 R 52 K KB R O
T FNEREVEAS AL B R A AS 35 (p > 0.05) o Z55 R AY
R VP S0 BT , S SPT—A5 P ey — R L ie 52 e s
s 24 S S e, v YR K KR A R RE s
A2t e Rl 1 PR S FRAR
25 REEBHRHUNLEH

B S il s 1 A Bk R s i 52 10 oS 59 ) 4R
BV PR S 52 K S A B T S OB AR, R AR
IR ) L B e T 25 AR AL FLAR R, 4 e B B
JZIZZ NN 8 S5 A BB 53, S8 BE R PR A S , 1 EOHL
Bl 55 TR P E AU AY 25 R A — 30 S5 E] Sa AHEE IR
5b 5. 5h FEE R 45 B R B, 25 B ELAR /MBS A
AFYLY, ER s AT BIAR LR, 2% 12 7 )= R0 A1
L B BRE M 5 R W AT 3, I AR Gy e R R R
P B 5t e B LB % 14 = A DX 246 45 0, B s SRR 13
FEAEER FIBE =4k N 28 2544 vh | G540 BN 3505 5 X 1
l 5b 56 5h M7, €l 5¢.5d 5S¢ BEM R 45 F 48N
U AR AR, FLIR BN B A B 1 2] o R
R 2R P 2H 43 1 328 20 X 28501 Jl T RGE 852 1) 3 e A
X BE SR BE A B T — i A SR AR R P SR AR
TR AN P 7 A2 S R AS A A 3 38 5, R RRFN AR
P22 TADJE B A ek VB ol 45 A O i s ™ 5 LR L3k

®4 ZBCIINRNE R K LG B AR AR

Table 4  Texture index of compound additives frozen rehydration tofu

FE ity fifi BF P bivE RS NEL g 3 RE T RV
WIREKEE 1 110435 £0.28°  0.921 +0.45° 0.706 +0.15° 70.783 £0.53° 0.354 +0.03° 127.799 +0.29°
BHREKEGNRE 2 88536 041" 0.978 £0.28" 0.799 +0.19* 69.210 £0.21° 0.458 +0.09* 146.681 +0.08"
BREKENE 3 174998 +0.34"  0.892 +0.13" 0.670 +0.09° 104.608 +0.23" 0.305 +0.19" 130.949 +0.24"
WIREKTGIE 4 137336 £045°  0.858 +0.10° 0.681 +0.14° 80.257 +0.39° 0.307 £0.32' 122767 +0.11¢
BUHREKTIES  122.161 £0.27° 1.588 +0.23" 0.753 +0.11" 146.002 £0.18"  0.434 +0.12" 129.991 +0.18"
WIREKGE6 119368 +0.48'  0.950 +0.17" 0.691 £0.11° 78.394 +0.09" 0.345 £0.14° 122.472 +0.09¢
BIREKEET  57.200 +0.31¢ 0.777 £0.29¢ 0.488 £0.20"  21.674 +0.011"  0.363 £0.31" 117.273 +0.18°
WIREKEE 8 157.872 047"  0.879 +0.15° 0.734 +0.19" 101.83 +0.081° 0.384 £0.23° 123.539 +0.37¢
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Fig.5 Compounded additive frozen reconstituted tofu scanning electron microscope image
Fa: %18, b:0.5% wt/wt SPI,c:0.5% wt/wt SPI +0.03% wt/wt 254 JEH) ,d:0.5% wt/wt SPI +0.03% wt/wt FHiJiK,
e:.5% wt/wt SPI +0.03% wt/wt ZEPETEN) +0.03% wt/wt KRR ,1:.03% wt/wt ZEHETEHRT,
2:0.03% wt/wt ZEVEFERY +0.03% wi/wt RHIBE,h:0.03% wt/wt FHIK .
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