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Effects of the transglutaminase treatment on the quality of duck blood tofu
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Abstract: In order to improve the quality of duck blood tofu, the
effect of transglutaminase on the duck blood gel properties was
studied. The effects of transglutaminase dosage and holding time
on the water holding capacity, texture and color of duck blood
tofu were studied by means of physical property analyzer, high-
precision spectrophotometry color analyzer, low-field nuclear
magnetic resonance analyzer and scanning electron microscope.
On the basis of single factor experiment, the optimum enzyme
treatment method was determined by orthogonal design factor
level of enzyme addition amount and holding time, and the
steaming loss rate was taken as index. The best enzyme
treatment method was determined as follows: the amount of
transglutaminase added was 0.25% and kept at 40 °C for 30 mi-
nutes. The results of relaxation time, water distribution, texture
and microstructure showed that the addition of transglutaminase
could significantly improve the water holding capacity, adhesion

and cohesion of duck blood tofu at this level.
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I OREAEBBREESHELEINGMEE RN

LGN T 57.40%0 o JB A VR R AR SDURE A AR A R 25
IR T e A RE T L B B Y R ) T IR 45 A T A B 5 B
FAE M EIRPT N AR IR I LR B B 58 R PR RE ) . % AR
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Table 1 Effects of TG dosage on WHC and stewing loss
of duck blood tofu %

TG % KT HEBRE

0.00 73.00£5.00 12.434+0.66

0.10 70.97+5.20 10.93+1.29

0.15 71.5041.65 13.20+1.58

(2) 2JFEM AR EINE R TG REGE RIS i &5 i 0.20 82.95+5.45" 10.1840.82
TR R o A R LR L P SR L B R 5 AN 0.25 81.7442.08" 10.0641.05
2 (BB 2 Pk 0 B 25 T OO0 A RGN T S e o (32 2, 0.30 82.7042.98* 11.81+1.47
P<C0.05) . £ M 4k 0.25 26 I 3% 3 f5 & 691,99, 48 %5 H T« RR G2 AU P<0.05,

®2 TCHRMEXNBNIEEEREAZME
Table 2 Effects of TG dosage on the texture of duck blood tofu
TG Wit/ % s /g Pk N R T EIR=K
0.00 534.104+53.79 0.96-0.05 0.8240.03 439.62+438.47 0.3540.01
0.10 660.27473.51 0.94-£0.04 0.84-£0.02 552.44+86.67 * 0.390.02
0.15 709.934138.40 0.9740.03 0.83-0.02 587.64+88.10" 0.384-0.05
0.20 764.65+112.66 0.96-£0.01 0.83-£0.04 633.42473.04" 0.38£0.04
0.25 839.44+92.74 0.94-£0.03 0.83-£0.03 691.994+59.79* 0.36£0.04
0.30 529.024+104.65 0.970.01 0.83£0.09 441.09489.38 0.38+0.01

T o« FREE A4l . P<<0.05,

(3) L7 Fla b AR EE 52 w55 %% T, Y
PR PR 10 508 5 T 1 B S BR8]
MW TG J5 20 R B3 36 hn, i & A8 0.15 % LA S 20 F
i TRE. B TG G848 A 2k # M &8 5 6
% L 15 A

R R 55 R 01 DR A S A DG P SR S G 1f S

#3 TCHRMEMBMEEEENHEME

Table 3 Effects of TG dosage on the color parameters

of duck blood tofu

TG W/ % L~ ar b+
0.00 40.96+2.02 5.31+1.78 7.03+1.35
0.10 43.16+1.427 8.04+0.56" 8.1340.91
0.15 41.5140.34  10.660.61* 9.8040.66"
0.20 40.76+0.26  10.2240.14* 9.0440.12
0.25 41.034+0.57  10.55+0.19" 9.4840.29
0.30 41.1440.54  10.41£0.22* 9.2240.33

T ox FREGE AU K, P<C0.05,

W SERME B R e EE SR, TG RIng
0.25 Yo i 5 i, 55 JE Jof #4) R M A A € V3R IR IO Y [l R £
VLW 320K F T WS i G 5K O T s 1, B e
0.25 Yo fF Ay fe (LB AL B AL
2.1.2 {53 B [0 X U aff, 7 S I 5

(1) FpaR Iy MZE BB R 4 AT RpoK 78 &
PRI AT AR R — L, ZH FE40 min B 2 I
Tl 4k 5 60 min I T4 B T M B2 B AR

x4 TCHRIER EIEMEFRFKAMBEERKOZ N
Table 4 Effects of holding time on WHC and stewing

loss of duck blood tofu

PRI ]/ min Foktk/ % BAMRE/ Y
0 77.54=£5.20 12.43+0.66
20 80.54+5.37 9.02+1.48
40 79.48+1.45 9.74+1.81
60 75.7846.45 13.21+1.72
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W& (P>>0.05) . 5t B4 35 i A x5 7 i 58 5 7K Iy ik
BRI AR,

(2) &JFith . th 3% 5 AT, 5425 A ALH B R R4 3R e
V) T A 0 Il S E M SR M R 4 AR
B 13 TC B 3 2% 5 (P=>>0.05) . 3 B 78 V% m AH 7] B 28 4 15k
o % S 1 15 00 o PR R o T 5 2 o RS, R R
F e IR A S e R K. {ELTE 3 B R IR A )
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TG K 540 min B 35 B dg K {H (869.70) 440 min DL X
[ TR TR A R A K R B 4 e R S R Y B
F IR B I 45 Ak DAL AR E A T R I

(3) (o .l % 6 AT, 2k 06 20 W . 55 Y 40 B Y
FE T A4(P<0.05), I 0.20% TG F 40 CHAHRE
AT 40 o £E 40 min 2247 38 3 B R (E (10.22) , BE AT
(ERES S 3Rl

x5 RENEXMENERESREHEH
Table 5 Effects of holding time on the texture of duck blood tofu
PRI ] / min s /g A R Jie 5 [EF=R ¢
0 534.104+53.79 0.96+0.05 0.82+0.03 439.62438.47 0.35+0.01
20 758.71+59.32 0.91+0.05 0.85+0.01 645.614+56.07 0.38+0.02
40 869.70+125.69* 0.91+0.16 0.87+0.04 659.754+99.54 0.40+0.08
60 833.051+49.42" 0.97+0.02 0.84+0.02 688.174+51.87 0.34+0.04

T % FRE A A4, P<C0.05,

*x6 REREMEODSEEENSN

Table 6 Effects of holding time on the color parameters

xS EXRBEBITEER

Table 8 Design and result of orthogonal test

of duck blood tofu e A B HEFF R Y

{3 S A] / min L a” b 1 1 1 8.58+£2.41

0 40.96+2.02 5.3141.78 7.03+1.35 2 1 2 8.3141.84

20 36.89+2.32 8.704+1.42*  7.5340.89" 3 1 3 8.7140.87

40 40.764:0.26  10.2240.14*  9.04£0.12* 4 2 1 8.99+1.81

60 35.9643.00 8.8741.42*  5.6040.91* 5 2 2 7.21%1.21

P 2 A P<0.05. 6 2 3 8.90+1.52

7 3 1 7.6741.12

R 95 B 0 00 FEE T AR DG A A L PRI 40 min A IS 1 2 7 g 3 5 9 882,81

i BT et (0 T I A a4 2 DR £ O R () 3 4 40 min SHEC, 0 s 5 0.5341.02

2.2 WmrEsH4mwEA€ T K e P

2.2.1  IEZEARARIRES Sy — 25 O Ak o Ak R i O K, 8.37 8.47
B A 20 AR B TR 33000 45 AR % B 0 I L R TR e K 9.03 8.81
() e 5 PR R =K P IE B3 (3R 7)o 43 B 1E 38 40 PTG I R 0.73 0.40

Joi AR T i R 28 A8 B O R, AT — 20 1 0 A i Ak TR
TR WV AR IR 8, diEk 8 AT, R R
FIRKFR B > R 0 R L G A B, BIER
Jin0.25% TG,40 ‘C FA#i& 30 min,
2.2.2  IAEH G R IIE LT

Q) 3t TG 8] 5 7K 43 43 A5« AR 5 B e A Sy — o
Y TG A I 5 T DA I o 8 K A3 RS TS B

x7T EXHEHEKTE
Table 7 Factors and levels of the orthogonal test
K A T/ % B LRI ] /min
1 0.20 30
2 0.25 40
3 0.30 50

B R 3R R R MR T A I ARED . SR 9
AT, AN [ Ak 23 5 2 0 05 il 58 BE RS AE 1~ 10 000 ms Py
To A 7 4 DX 4 DIERRT 4 D, To (<
1 ms) Ty (<<10 ms) & e MEIT B A K B 5 K40 7R %
G55 K AR B 45 6 7K IR AR S R T LA R 4
45 4 K RV B 45 6 7K T oy 200 B T 8 BT ) 45 25 1 v R
D R B K s Ty G il 58 PR A K .

Ty b TS [ J2 Xof A0 ity A 980 0 5 i Ak A 27 PR 358 1) '
BLESERTHZRG RN HEEHEARK, HE
ST T 2 R AR w B B U T s F I ) e
1E T LI BB/ s IR T, b B i,
U7 R A o I S R R T2 St TR B ] R A
A A AR X U TG B AL #1519 1l 58 N
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Table 9 Effects of different approaches on relaxation time of duck blood gel ms

215 Ta T Ty T,
KB TG KRR 0.56+£0.03 4.64£0.43 49.7740.00 1 002.43£80.63
0.20% TG+30 min 0.25+0.03 3.05+1.73 37.6540.00* 811.13+0.00*
0.20% TG-+40 min 0.75+0.20 4.33+2.47 37.6540.00* 811.134+0.00*
0.20% TG-+50 min 0.447+0.08 1.6140.25 54.7444.30 811.134+0.00*
0.25% TG+ 30 min 0.31£0.11 2.24+0.46 43.2940.00* 811.134+0.00*
0.25% TG-+40 min 0.35+0.05 2.02+0.28 43.2940.00* 811.134+0.00*
0.25% TG-+50 min 0.57+0.16 4.64+1.98 43.2940.00* 811.13+0.00 "
0.30% TG+ 30 min 0.27+0.11 3.07+1.56 43.2940.00* 811.13+0.00 "
0.30% TG-+40 min 0.37+0.06 2.37+0.65 37.6540.00* 811.13+0.00*
0.30% TG-+50 min 0.557+0.10 1.9140.68 62.93+5.81 811.134+0.00*

T ox FR5 5 H4H . P<0.05,
TR 7K oy 2 B B SR A e FHoh A TG B AL BRAE T,

ATy W AR X RIS 5 3 3K 70 7R A Bk B9 8 3
A S A DT I B A Tt e A% g 1 i A AR i K o3

G4 T R .
W 1 958 e K M T e TR S B Bk . i 5 ﬁ
1 KA 75 Al T R B b K L 55 A K T T 5

R . 3K F] R A A Ik R v AR R R K A R R L Al
Al KRN RSB, WA 1 PR, 0.25% TG+
40 °C TR AL HE 30 min BT I BE A B K & R
DL AEKERGBHK S IR B, XEE R
TG B34 7 2 8 2Z (8] 1 2 B T8 B0 19 N 2% 25 4 L
G Z MRS GG i T R R Ee A .

(2) 4 JRFI A2 - th 3% 10 AT, 55 4 40.(0.25% TG+

40 min

K IMAZ R EhK B8 A Ak B a5igs 4ok
%

1001 p

90
80
70
60
50
40
30
20
10

Proportion/%

oL=

0. REIN TG R A ik

TG+ 30 min
30 min) 5 i 5 JE P 5 R (8142 1 4 ) A 0.90 il 0.42, 3 M1
5 BB K S B ERN 0.25% TG, 4£7E 30 min {2 # T Figure 1

AL ESOR 2 T a4 22365 B0M i 58 Bk ok

various peak areas

1. 0.20% TG+ 30 min
3. 0.20% TG+ 50 min 4.
5. 0.25% TG40 min

6 7 8

205

Group

2. 0.20% TG+
0.25% TG -+ 30 min
6. 0.25% TG + 50 min
8. 0.30% TG40 min
2 2 75 X ot &k &

Effects of different methods on proportion of

7. 0.30%

9. 0.30% TG-+50 min
S S D]

k1o ABARXMNBOEELHEHRHZME
Table 10 Effects of different approaches on the texture of duck blood curd
4153 /g o N R I Il &2
KR TG AR IR 935.36+41.11 0.9640.01 0.8240.01 764.14424.90 0.2840.01
0.20% TG+ 30 min 1224.50£152.18 0.98-+0.03 0.8640.01 048.234+103.89 * 0.38+0.02"
0.20% TG-+40 min 1091.294136.46 0.99+0.02 0.8740.01 946.174+17.42" 0.37+0.04 "
0.20% TG+50 min 1 268.27440.68 0.97+0.04 0.85+0.02 080.49+150.89 * 0.35+0.01

0.25% TG+30 min 953.954-138.37 0.9840.03

0.25% TG+40 min 1 439.83+141.78 0.96+0.03

0.25% TG+50 min 856.341+132.58 0.9940.01

0.30% TG+ 30 min 1267.51£155.61 0.9720.02
0.30% TG+40 min 825.09+97.89 0.98+0.01

0.30% TG+50 min 743.15+184.14 0.974+0.04

0.9040.03"
0.86+0.03
0.87+0.01
0.87+0.01
0.847+0.01
0.8540.06

853.14482.69
225.08£100.49*
748.76£74.46
107.14£107.57*
129.214+52.29*
703.30+£68.72*

0.4240.04 "
0.3440.01
0.4040.02*
0.3540.03
0.3140.01
0.4040.08"*

T FRGEHA . P<0.05,
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PR b 12 Ak B0 30T 06 9 i 5 A R SR A T LA AL

(3) TRl W25 49 + 45 7 Bk J 5 52 T L 174 JIE IR) 2 A7 7 00 DO
PSSR . Bl 2 AT LS B K AR RS TR T 1 S, 95 e
PR Z I AP 4l 2 TP B B 25 2 2 1 IR 854, FL AR B
KZRELTLT KT F GBI, X RE A 00 1 bk
S S FECORNEAMEE R, A 0.25% TG.40 C
TR 30 min (R M 5E K AR B BT AC B G HERRTE B B 5
JBE 1A 8 T TR B 1 — | SR Y I 4 5 R TR 4
FLAE /IS RERS A 50 A0 B 7K 43 5 B 1k 5 it 588 6 K a4
T > 7 b A 1 T B

(a) mHAH

(b) 0.25% TG+40 CA£IE30 min

B2 mhg/Feiadsil
Figure 2 Scanning electron micrographs of duck blood
curd by different methods (X5 000)
3 s

R TR PR R A UF 5 0 R IR () X 8 o S
B B SR B R K PR S R AR Y R Il P R R =K
- TE A2 oF A5 AT A AL B S B A ) Ak B 7 XN
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S AT AT S R R I+ i 2 T ARG I T A K PR AR LR
Ak 9 RS TR R AT B R . TR AR
HE A AF R BEI B0 R )T 2] B — 20 IR A R
e A Tt 55 PR IR 5 I X Y 1. S A BT R

S % Tk
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