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Abstract: In order to explore the differences in the main nutritional quality and sensory grades in whole soybean tofu under
different compound coagulants, dry-pulping technology was used to make whole soybean curd ( WSC). Calcium sulfate
(CaS0,) , magnesium chloride (MgCl,) and gluconic-delta-lactone ( GDL) were respectively selected to prepare for com-
pound coagulants with transglutaminase (TG) , and the effect of different compound coagulants on nutritional quality of WSC
was investigated with gel strength as evaluation index. Results showed that the optimal ratio of the three compound coagulants
was 0. 5% CaSO, +0.3% TG, 0.4% MgCl, +0.3% TG and 0.4% GDL + 0. 1% TG respectively. The essential amino acid
content of CaSO, + TG-WSC was 18.475% , total fiber content was 16.535% and sensory score was 75.3, which were the
highest. Fat content was the lowest as 9. 337%. There were no significant differences in water content, protein content and fat-
ty acid composition. To sum up, different compound coagulants had certain effects on the nutritional quality and sensory grades
of WSC, and the nutritional quality and sensory grades of CaSO, + TG-WSC was higher than those of the other two types of
compound coagulants.
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SV R B4 GDL 5 % % H il R 0. 20% ¢
0.15% , [RIBTAEER SN 0. 6 mL NaCl(0.1 mol-L™") &
3 mL JER SR T, T LAAS 406 PR T
BRI R T . FA A% BI9esiE GDL A
B SR TIR LU h 5:3:2 i, TS Y L R S 5
st s RS2 B 5T & B A 0. 07% MgCl, 0. 5%
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B PR 5 mmes ™ RS 1 mmes™,
NEAE 30% iR A1 EE S mmes ™', AR SRS R
7 EME 25 R,
1.3.4 22 2% RAo#H S GB5009.3 -
2016 SR A B TR I E K Sy fr . B8 GB
5009.5 —2016""*" R FHILEC A S0k 0 ML 2 1
. B8 GB 5009. 124 - 2016 | % FH & LW /0 r
A0 5 R IERR A . S GB 5009. 6 - 2016 %
FHZR DA B2 00 KBS 7 7 & B iy T 20 sk i) )
SES M GB 5009. 168 — 2016 | 5% I 2% [T 4l 412 12 42
Bt e 2 G s i , 2 il A A 1k vk 25 1T g
TR B F PR A1) SR AR €2 33 S 3 A A
A, R T AUE — AL dE T A E 5. S GB
5009. 88 — 201417 SR F il 7 gk v 0 B T 4 AT
VRS e 4

28 NY/T1740 - 2009 | 5% FH o5 2000 M €33
TR E R G S B A R, HAR I 2 S5 S BE Kao



140 KR 14

G IR IR SR BUMA
80% W) Lol A SR U, B0, I IO A
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Table 1 Elution program for the measurement of isoflavones by HPLC
fisf[8] Time/min 0. 00 16. 00 24.00 24.10 30. 00
A/ % 85.00 75.00 60. 00 85.00 85.00
B/ % 15. 00 25.00 40. 00 15. 00 15. 00
KT IRIE
500. 00 400. 00 400. 00 400. 00 400. 00

Maximum pressure limit/Bar

1.3.5 REFH S8 Zhang 5 W05 vk, 2
w2 R e s S S RETEEAN , BE RS E
KAl Ak BRI R g 10 A (B4 4%

5 ON) LSRG RE /N 2H 0 4 W R B 45 TURE 4B AR
PEAT PPy A B R BB (E

x2 2EEERBRERENSR

Table 2 Sensory evaluation table of whole-soy tofu

Bt 15 gt —, R e A EseE 6, EAOLE 11~15
Color B — , R R, — 8 TR 6~10
P I IR OO 0~5

SR 15 A WAR AW, TC IR R (AR 11 ~15
Flavor BATRIR LA, A —E LRk 6~10
TR, G HRIREE 0-~5

% 30 ELA B A AR, TR R R IR s JC R A 4 /MBURL IR 21 ~30

Taste FLA S B Bk 7 — S (IR IR AR ;7 R 14 200/ N DR I 11 ~20
LA G A R TR R VA R R T 5 A R At TR 0~10

B& 20 POE S, AN G0 Wi 45— 8 Ow) , EfLE 15 ~20
Form PUE5E% , AN G 0 Wi 35— B O6W) A7 di/NLER 8~ 14
YOEARGERE , Gy s Wi HLRE (ARG B R/ N A AN 34 57 B FLBR 0~7

T 20 b ST A, A SR 15 ~20
Texture TS AN, R S RO 8 ~14
Jo 3 T A sl TN, TE A R 0~7

1.4 HUESH

K Excel 2010 4bFREE , 5% A SPSS Statistics
22 Bt AT 2 AT (P <0.05) , K H Origin 8.0
fEH .
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Ty IR WE 1L (C) R, BT E
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B ARR/INE F8E5R P <0.05 K245 B,
Different lowercase indicate significant differences at P <0. 05
level.
Bl AREEARENHEZEHREEE
Fig. 1 The gel strength of tofu with different
compound coagulants
2.2 2S5 SBRRESHT
2.2.1 Ry Mk mAEEE SEoh K3
AT, 3 IR R C O i A B A T B B K ok VEE
SR RO E R S, K & Y 85% , A
FEEr 2 5. 7% 52 R B B 58
ZER —E MR EAERFEEESR (P <
0.05) , 5LJE AR & ity e BEAK YR - GDL 525
> MgCl, T J§ > CaS0, 5 JF,

x3 AREREENEEEENKS ZEERMEHRSE

Table 3 Moisture, protein and fat contents of whole-soy tofu with different compound coagulant (%)
A
C+T M+T G+T
Content
JK 43 Moisture 84.50 £0. 675 a 84.48 £0.294 a 85.34 £0.450 a

HIZE 15 Crude protein
HLAE W Crude fat

5.680 £0. 111 a

9.337£0.132 ¢

5.780 +£0.192 a 5.806 £0. 098 a

15.40 £2.274 b 22.22£2.318 a

AT AR )N 5 e R AR B 22 5 535 (P <0.05) . F L.

Different lowercases of the same row indicate significant differences between the two tofu samples (P <0.05). The same below.

2.2.2 RABAMSH HEAFH3FLGE
R LR AN — 2, 5 17 A WEERR . ©E
(R 0T R o 5 s BRIy - CaSO, IR >
MgCl, SJ& > GDL G, = F WA LR S EER D
F(P<0.05),CaS0, W JB 2 LR A i B = , GDL T
JE W ARG, BT 2 5 5 1Y 1. 06 4%,

2.2.3  JEMERZLR AT RS AL, AN [RIEE[E
HIVER L, AR I R 4 0 1) & A — E 22 572,
SHATGIEMARIIRRZE R AR, M 12 1)
TERRIR SIMER Y & i B IR T 50 4h 3 Fh g, BIR
RSl & 55050 3 Mg R A e,
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Table 4 Main amino acid of tofu with different compound angulants (mg-g™")
AR
C+T M+T G+T
Amino acids
REER Asp 6.651 +0.024 a 6.141 +0. 148 b 6.112 +0.057 b
IR Thr 2.238 +0.124 a 1.813 +0.036 ¢ 2.016 +0.054 b
2455 Ser 3.018 +0.020 a 2.968 +0.054 a 2.821 +0.056 b
BRIR Glu 9.995 +0.102 a 8.703 +0.305 ¢ 9.225 +0.030 b
HEm Gly 2.136 £0.042 b 2.248 £0.016 a 2.188 +0.019 b
A Ala 2.907 £0. 064 a 2.755 £0.051 b 2.301 £0.012 ¢
P R Cys 0.875 +0.009 b 0.965 +0.009 a 0. 880 £0.002 b
i R Val 2.677 £0.059 a 2.463 £0.109 b 2.057 £0.023 ¢
4 R Met 0.434 £0.019 a 0.357 +0.007 b 0.326 £0.015 ¢
SR ILe 2.472 £0.073 b 2.821 +0.084 a 2.598 +0.062 b
SERR Leu 4.347 +0. 060 a 4.159 +0.017 b 4.177 +0.068 b
i 2 IR Tyr 1.976 +0.048 b 2.534 +£0.139 a 2.538 +0.017 a
KAEMR Phe 2.940 +0.123 a 3.158 £0.209 a 3.090 +0.028 a
AR Lys 3.365 £0.014 b 3.522 £0.054 a 3.444 +0.073 ab
AR His 1.668 +0.025 a 1.636 +0.037 a 1.295 £0.020 b
AR Arg 4.413 £0.068 b 4.876 £0.083 a 4.301 £0.010 b
=N Pro 2.886 +0.016 a 2.348 +0.020 ¢ 2.561 +0.039 b
TR ITR EAA 18.475 0. 101 a 18.294 +0.326 a 17.708 +0. 135 b
SAILTR TAA 54.998 £0.089 a 53.468 £0.740 b 51.928 £0. 118 ¢
K5 BHEREKEEEEERBIEZAEARSHT
Table 5 The analysis of fatty acids in soybean and whole-soy tofu (%)
LAy RE 12
C+T M+T G+T
Content Nandou 12

SR Palmitic acid 12.09 £0.437 b

TR Stearic acid 2.875+0.348 b
TR Oleic acid 32.40 £0.357 ¢

Z & Linoleic acid 46.43 £0.944 a

12.83 £0.297 a

3.183 £0. 100 a

36.31 +0.413 ab

46.30 £0.171 a

12.72 +0. 200 ab 12.70 £0. 589 ab

3.313 £0.137 a 3.237 £0.802 a
35.40 £0.788 b 36.82 £0.760 a

46.32 +0.205 a 45.91 £1.268 a

2.2.4 RHYEFTEBBERA LS ES>N HER
6 TN CaSO, W J8 14 2 27 4k & M 16.535% , AT %
PEREE Al 4.078% , RIS A48 N
12.458% , ¥y , 5 MgCl, BJE  GDL o Ji i £ 4k

TRAMEDEEZER (P <0.05) , MifEGEHE G5
MBS BN R T% T2 G E5 ), FERN
R GG E R T S, S A 4 A
60% ~70% , it FF 4= 05 5 I8 o S S ) i 1 445 ) o
A1t

®o6 EEHREAEMAAMERFESESN
Table 6 Total fiber and soluble dietary fiber

of tofu with different compound coagulants ( %)
EEEL
C+T M+T G+T
Index
TDF  16.535 +0. 141 a 16.099 £0.030 b 16.048 £0.076 b
SDF 4.078 £0.042 a 3.997 £0.014 b 3.857 £0.045 ¢
IDF 12.458 +£0.099 a 12.102 £0.041 b 12.191 £0. 118 b
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2.2.5 FEmAeEoN BMETATHKEFHRE
T A iy 24. 691 mg- g™ I T L Y A
Pl 5 2, 3K 2 PR Ry S ) S A ] o R v B O
B S T R B IR O < CaSO, )

14.702 mg-g "' MgCl, & )& 14.305 mg-g ' .GDL &

JE§14.260 mg- g™, H=HFHFHERENEZEF (P <
0.05) .

R XEREEBPREMSELN

Table 7 Isoflavone content in soybean and tofu with different compound coagulants

(mg-g™")

PR ] M 12
Nandou 12

C+T

Soy isoflavones

M+T G+T

4.748 +0. 003 b

2.795 +0.057 b

0.201 +0.002 b

0.052 +0.017 b

6.906 +0.007 a

4.735 +£0.005 b

2.427 +0.006 b

0. 194 +0.003 ¢

0.048 £0.015 ¢

6.901 =£0.014 a

4.737 £0.016 b

2.419 0. 004 b

0.192 +0. 003 ¢

0.045 +0.015 ¢

6. 867 =0.004 b

DG 8.343 £0.041 a
GLG -
GEG 0.394 +0. 007
MD 8.078 £0.006 a
MGL 0.388 +£0.002 a
AD -

MG -

AGL 0.910 £0. 003 a
DE 6.549 +0.002 ¢
GLE -

AG -

GE 0. 029 +0. 002

SR

Total isoflavone content

24.691 £0.008 a

14.702 £0.013 b

14.305 £0. 183 ¢ 14.260 +£0. 204 ¢

2.3 AREBEFHEZEEREENSHT

H L 2 W], 3 b R A AU TG 25
MES e R JEZS i 4 5 T 477 7E B 35 Pk 22
o 3 P B MECE S O BRI CaSO, 1
J§& 75.3, GDL & J& 67.6, MgCl, T.J& 61.6. CaSO,
GIEAE DR TR e 3 07 1 vE 4 3 s, i
MgCl, &2 JE75 5k,

CJc+T
[ M+T
5. EE G+T

a
201 % b

ab
15 a a b | M {‘b
b7 & a
b2 :
10H
5—

0" it Wk Ok Bs B

Color Flavor Taste Form Texture

F8F% Index

JEETES The sensory score

B2 AREBHMEERS
Fig. 2 Sensory grades of different tofu
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MIBFTE 4 e A — 2. 53 5k, MeCl, ¥ JE KT 0. 4%
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TR U 10 45 10 T e PR S B T ) 4% A B
RS R O EULMR RN G
JREGFEABATT, 107 8 Bl b A KR JE AAABE F &
B AN A, th CaSO, 5 TC B I
B 4 R AT B AR S A B T e, A
etk WA EY RN E B B R &
HEWAL, Z 53 YRR RV 2
A S, T 3 RN T A A BRI R ) 2 R
WIS EIR & B, Hom s THEZIER. 3
TG DR | R = R 14 AL, TR Ik R
BEF | AR AR B BE R T AR S ter = o g B R ) 1
FIHC HE Y 22 S 23 B4R WA DR 23k i 35 SR A (EL A
NPAE WA o R 52 e T2 v I W R A oy 32
AENEIR(C16:0) AHJEHAR (C18:0) AR (CI8:1)
FIAEAHPR (C18:2) , & &k phy e BIMERAR YO MM AR | ith
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W HRNRTR RIS IR > . eAh, A Y B RE R 128-133.)
(4] SRLUHG, TBURIT, itk 69 5h oI I T4 9 WE S A

(C14:0) AEA R (C20:0) Db Ko ik 5 1) A e b 2
(C16:1) AH:RR(C12:0) Fl = —fiR (C22:0) 4%
T d s R 3 i S LR =t = SRl 10
SEIRAH LL , AR AF 57 R A6 0 21050 BR IR , T fEJ2 i T
IR ELAT 1o JE AN AR AN, W 5 SR A AR o, T it 6
FHEE & 12 FF R R) a4, 35008 SRR R 42 3 4Lk

CaSO, kb P 19 8% B 4 e =, ol B8 J2 o
CaSO, PE[H] 573K IHEE [ 3 B 5018, 727K s il B 4%
%, 7T 5 G OR8N, PR I T S i A K A e Y
BEIE LR, T 1 A 2 2 20 T A0, XU £ 5
IKHELF, MgClL, &b BEERE 34 fe X, Al fe 2 R
MgCl, ¥ [ 52 3% i s 7 8 B b LT B, T g 1) T 8%
ZHLVBORLAE , 9 2% 6] 25 kY HL MgCL, J& w5 Wk £k
8 UN Nt B s R R AR IR, B K AR,
) L 11 )k

N o

4% #

ARBFFE R AN 0. 5% CaS0, +0.3% TG i il 1%,
CaSO, i ;0. 4% MgCl, +0.3% TG [Jiff il i MgCl,
55 50. 4% GDL +0. 1% TG gl ik GDL T, 3 Ff
LT, CaS0, FIEMEE IR T5. 3, Ui
FR AR 18.475% |, a4 ol 16.535% ,
T MgCl, &) fil GDL & J85; A8 i & B Mk, b
9.337% , K73 & AN 8% , I & HLAN
5.7% JRWTR AL —3, Z 5 A B3 (P <0.05),
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