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Table 1 Standards of sensory evaluation of roast shrimp
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Fig.1 T, inversion spectra of Penaeus vannamei baked at

180 C (a), 200 °C (b), and 220 °C (c¢)
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Fig.2 Changes of transverse relaxation time T,

of Penaeus vannamei baked at 180 C (a),
200 C (b), and 220 °C (c)
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Fig.3 Peak area percentage and Pseudo—color picture

of Penaeus vannamei baked at 180 °C(a),

200 C (b), and 220 °C (¢)
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T, B 0 B R] A BE RESE L RTER Y o (B 2
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1) AEAHIR 3] 7R, RV SRR
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Fig4 a" (a) and AE (b) values of Penaeus vannamei at different baking temperature
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Fig.5 Changes in the relative extraction rate of myofibrilar

protein of Penaeus vannamei during baking
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W52 SRR LR 5 % 8 Bk o B AE 15 L
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CH i 12,15,18 min 1Y g 3 X UFHE 17 8 H PF
Hr . 200 CH i 12 min F1 15 min B9 75 3 3 XFER

T i

22 A e T B T P AN R g S R L R Y
F AN (P<0.05) , B J 11 nEL ngg 4 448 o A 3 D IA
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W4 B T A2 RS PRI R e A A (U A AR
B, Ak 0 T Ao R v AR RTORG SRR A
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Fig.6 Changes in texture of Penaeus vannamei during baking

H B 52 AL T 200 °CH5 1 18 min, 7EXT [T #4) 22 4k,
FIWESE Y, 18 min 9 A B FTIE 83 32 B 18 2% = T 12
min F1 15 min(P<0.05) ,3X 7] e & T80T B
JRA X TEEA AR R UL, 9 R 1S
min BT 0im , S5 5% 8 o 6 AE, 1 %
DR R R 2 R R 20 R S 200 CL 0%
18] R 15 min BHECE S e fd:

R 2 N[ G E] B 3£ B A AR AR R R S

Table 2 Sensory score of Penaeus vannamei at different baking time

F A o R =k Ak G
200 C.12 min 3.63+£0.74 425 +0.46 3.00£0.76 10.87 £ 0.83
200 C.15 min 3.63£0.52 3.88£0.99 3.87+0.83 11.00 = 1.77
200 °C.18 min 2.88 £1.36 3.63+£1.19 3.50+0.75 10.00 +3.12

2.6 HF GC-IMS &4l M = A IR IEL
MERL 5>

X GC—TIMS A8 H 1) e 3% 14 R 45 ) 15
min ¥ & MR8, R IR 2R AL A W A A
o L R e AL R TR OO B 3
FETRER 2- W BE T RE, BRSSP iE IR T U
AR B AR A TR S P s I, L B (A A

B L, A SRR 00 A OR  J T AR A A A
JXUR B8 By, PRI TR SIS 1 00 1 0 T ) o R XL
T INA % B TR, B2 A S ot e i A
A R FR TR 5 T A i A B I A LB 7=, Xt R
£ PAYR AR R JC LA E 2 TR, 7 0 0 rp A
FIIREY A LR BE LR OBR . A 5T A B
LR LT AT LT 77 il R A RIPT291 D5 B v A
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F£3 BWEBXIFES 15 min PELZHLSYHE S
Table 3 Volatile compounds identified by GC-IMS of Penaeus vannamei baked for 15 min

%7 RI ¥ L& AR E A CAS & 25 X &E
1 1103.9 E B n—Nonanal C124196 CoH,s0
2 903.8 J B Heptanal C111717 C,H,,0
3 794.9 Y3 Hexanal C66251 CeH .0 AR
4 794.9 T B Hexanal C66251 CeH 0 ZRAR
5 710.0 TR A B Propyl acetate C109604 CsH,,0, DS
6 709.2 T bR A B Propyl acetate C109604 CsH,,0, Z Rk
7 694.8 S Pentanal C110623 CsH,,0
8 662.1 2 T B 2—Methylbutanal C96173 CsH,,0
9 646.1 - TR 3—Methylbutanal C590863 CsH,,0
10 602.2 LB LB Ethyl Acetate C141786 C,H:0, RS
11 605.5 LB LB Ethyl Acetate C141786 C,H0, — R
12 474.9 LB Ethanol C64175 C,HO
13 512.0 77 BF) Acetone C67641 C;HO

BT LEEANBA SR T RS A A 2
PP AR R, Xk IRV 1) B AR BT ik e /NP
AT BIF 5 3 W R U P o 1A 7 R 22 oh iy R R AL
Y7 L 70K U DAL AR OR B E P 1 T R RE R it
MRS, T LA T 5 0 PA) 5 PR A RO

3 it

AHF5E R LF-NMR LA & MRI £ AR W58 T
95 O IR AR o R P K RS . SRR AR
A, AT R 56 O R AE % i o R oK 4 i B8 A0
H o T, S 2 B 4 FhoK L5y 530 i 2
Ai%%ﬁ%kf%m@mﬁﬁmﬁa%ﬁﬁﬁ
2 X R s IR I 8] T, 28/, B A [0 22 7 5
Eﬁj¥%%mﬁmm@@?w PN ALK
u%ﬂ@%uﬁ%*ﬂ%mﬁ%%%ﬁﬁ@%
BN AN V4 JBE B3 388 3k 43 B AN ] 7K 21 430 T
A7 L, & B RE 36 X R AR A 7K 414 E%ﬁT%m

AR R I [
Measurment run/s

o AT Bk e R B e R 5 W B K A KRG A
T " . KA AL, 3 EL i T T LUK 4340 5 9 e 2s . 7E
0 1 [+] shrimp-15

|.ooq mrtm H shrimp-15 Rethl B rh, IR o B R 5E ETHE PR
BUo00Q " w [+] shrimp-15 po .

% M L0 D9 05 & NN 3 ‘1’“ 200 CHY o {HAN AE {H =T 180 °CAHl 220 C,

intattotiot 1l 1 latr” -} - 7E 200 CHE 2 44 R K5 ) 15 min B 19 o A

SoET in mR AE {835 55 , W12 200 CRE I 15 min 1)

v s ) 1 ) N
B 7 RS 15 min B GO_IMS £ 47 B %%Eﬁ%@#i%iXMT%ﬁ9mmﬁm@
o7 CO_IMS analveis di - : ESRURIDINGE S 4 Shr e AL L
12, - analysis diagram o. enaeus vannamet .
baked for 15 min T AR BI RY RE SE O IR 58 4l o 3 i X
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AL 5 1 R S 6 IR A A i BCRE AT 0 A HE B
T BHLRSE EE 1 WEL R 52 2 [ 25 095 ol s T 4 96 o i 39
(P<0.05) , i 5 ¥ 15 2 AL BA 0 5 V2 1k (P>
0.05) o X J5 il B B 5 FI W SR B9 o fRL VAE D 5TH
E VPN AT SR G M, e B 5E X IR AE 200
CHE i 15 min I e fd:, I 0 8 R 3 W S R g
RACE Y, J IR B T HRER A AT

(1]

2 % x #
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Xof T ot 5 5 AR A2 R T b A, 2009, 9
(1): 165-169.

CHEN H J, GAO HY, DAI Z Y, et al. Effect of
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Chinese Institute of Food Science and Technology,
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Moisture Migration and Quality Changes of Penaeus vannamei during Baking

Liang Rui', Lin Songyi'??, Diao Huayu', Chen Dong'?*?, ~He Xueqing', Sun Na'*¥*
(“School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, Liaoning
*National Engineering Research Center of Seafood, Dalian 116034, Liaoning
‘Collaborative Innovation Center of Seafood Deep Processing, Dalian 116034, Liaoning)

Abstract In this study, the low field nuclear magnetic resonance (LF-NMR) and magnetic resonance imaging (MRI)
techniques were used to investigate the changes of water state and content of Penaeus vannamei during the baking pro-
cessat different temperatures, and the water migration rules of Penaeus vannamei during baking were analyzed. The
changes of color, texture and flavor of Penaeus vannamei during baking were also investigated using colorimeter, texture
analyzer, and gas chromatography—ion mobility spectrometer (GC—IMS). LF-NMR results showed that the transverse relax-
ation time T, decreased with the increase of baking time, indicating that the moisture fluidity decreased with the increase
of baking time. Pseudo—color picture of proton density obtained by MRI gradually changed from red and yellow color to
blue color, indicating that the water content of Penaeus vannamei presented a continuous decrease during the baking
process. Moreover, LF-NMR results also indicated that there were four water populations in Penaeus vannamei, including
strongly—bound water, lightly—bound water, immobilized water and free water. The distribution of water components and
water migration were analyzed by peak area percentage. After Penaeus vannamei were baked at 180 C and 200 °C for 9
min, and baked at 220 °C for 6 min, the proportion of the strongly bound water and the lightly bound water significantly
increased (P <0.05), the proportion ofimmobilized water significantly decreased (P < 0.05), and the proportion of free
water significantly increased (P <0.05). It showed that the immobilized water was converted to the free water and bound
water in the baking process, and high temperature could accelerate the change of moisture distribution. In addition to
changes in water state and content, the color, texture, and flavor of Penaeus vannamei also changed greatly during bak-
ing. AE values reflect the overall color difference and @ values represent the reddness. In the process of baking, the
AE and a values of Penaeus vannamei baked at 200 °C were higher than those baked at 180 C and 220 °C. During
the baking process at 200 °C, the relative extiraction rate of myofibrillar protein of Penaeus vannamei showed a continuous
decrease trend; it reduced to less than 10% after Penaeus vannamei was baked for 9 min, indicating that the shrimp
meat has been fully matured. Moreover, after bakingat 200 C for 9 min, the hardness and chewiness of Penaeus van-
namei increased continuously (P <0.05), while the cohesiveness and springiness did not change significantly (P> 0.05).
Combined with sensory evaluation, it was found that the premium quality of Penaeus vannamei was obtained when it was
roasted at 200 °C for 15 min. GC-IMS analysis showed that aldehyde compound and ester compoundsformed the character-
istic flavor of the baked shrimp. This study can provide the theoretical basis for deep processing of Penaeus vannamei
and the industrial application of Chinese cuisine.

Keywords Penaeus vannamei; bake; low—field nuclear magnetic resonance (LF-NMR); water migration; quality; flavor
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Table 1 The sensory evaluation standard
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Table 2 The design and result of response surface methodology

BTN RE A

IR E RS BRELZA

wppy ORERCREREE ok e | mmy ORRRRREE % a0
Y€ (B)min Y€ (B)min
(C)/% > (C)/% >
! 4000) 120000 5(0) 80.6 10 4000)  150(1)  4(-1) 722
2 35(-1)  90(=1)  5(0) 70.1 1 4000) 120000 5(0) 81.7
3 45(1) 90(-1) 5(0) 74.4 12 35(-1) 150(1) 5(0) 77.7
4 4000) 120000 5(0) 81.4 13 4000) 120000 5(0) 85.5
5 4000) 120000 5(0) 82.6 14 4000)  90(-1)  4(-1) 69.4
6 3[(-1) 120000 6(1) 71.8 5 40000 150(1)  6(1) 84.6
7 40(0) 90(-1) 6(1) 70.3 16 45(1) 150(1) 5(0) 86.6
8 45(1) 120000 4(-1) 77.0 17 45(1) 120000 6(1) 83.1
9 35(<1)  12000)  4(=1) 70.8

XoF ] A A TR0 R AT 5 25 40 BT, S5 R ANk 3 TR
MFE3 AT LLE W, BIAE P{E R 0.0004, 255
F MR P AE A 0.5790, 25 5 AN B 3 A
JE R R?=0.9721, H5 AU I BB E R AL R%,=0.
9124, VL WIZ AL AU & B B wm g iR 22 5N R
HH 12 455 70 B A% o 0 b S e O {1 A8 4k . PAELY

/N H G DR 0 350, i FE A RN AT LA
EWERMEWARRE, RR 3 RIHBIR T 25547 ]
HL,A B.C.B.CCHWMBENER BC HRENE,
ABAC A* AARERZE, FunfRE E Iy H
B>A>C*>C>B*>BC,

®3 MPABBFENN

Table 3 The variance analysis of regression model

&R R B WL ¥ F A& P14
el 561.92 9 62.44 19.51 0.0004**
A 117.81 1 117.81 36.82 0.0005%*
B 170.20 1 170.20 53.19 0.0002%%*
C 52.02 1 52.02 16.26 0.0050%*
AB 5.29 1 5.29 1.65 0.2394
AC 6.50 1 6.50 2.03 0.1970
BC 33.06 1 33.06 10.33 0.0148%*
A? 13.72 1 13.72 4.29 0.0772
B? 47.39 1 47.39 14.81 0.0063**
c 100.27 1 100.27 31.34 0.0008**
2% 22.40 7 3.20
%k AR 8.03 3 2.68 0.74 0.5790
®E 14.37 4 3.59
¥ 584.32 16
R*=0.9721 R*,;=09124

ok P<0.05, 35 22 5 0%, P<O.01, M i35 25 5%

FIH Design—Expert V 8.0.6.1 K4 X} i 5 4%
SR S5 e R W) 7 TR (R T 5 — S BRLER A o e
FHH PR RIEE L5 IT 0 M5,

K5 g HrP AR B I R S BAR IV R 2250
35 T 4 25 e 2 AR L T, 1 5 T LA Y TR
B CMEELZE W B RE, N
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Table 4 The determination results of main nutritional components

%4 b EI% nE G4 E% L A1 % R4 %

it AT 63.80 = 2.08 32.57 £ 0.88 0.82 +0.02 1.98 +0.08

i 61.26 = 1.74 33.83 = 1.05 0.88 +0.03 224 +0.07
222 BARMERT OB TEEMRERT. JAEKE AT LD A RERG N 5T RE 2 TR S

FE 0 ZIAL A W) 25 B B AR AR I 5L, 43 )
SE T 025 AR TR R M XU ) 5 S
bR, s RN 5 £ 6 FIE T Fim,

26 5 (0 22 A RUCIR B 0 I A 45 SR vl 0, 4
Z TR, W S 0 K A 4L SR ) R
M2 L EH N, o R b EHIH, X R

HH ) i 21 R SIS W) S5 15 T 4 A 1 S A B AE
il 2 B RGP I 2548 (i e, O HL A R R
i ] GEPEAT D R SRR B I KR, e
A5 il S B BA DR AR A A ROR
WS AR, X AT RE SR T 0 S A B e o A
R S AR 1 7= b ) pHL{HL

x5 BEEVEHBRENELER

Table 5 The determination results of color difference and valid acidity

& Z .
EXi A R E
L a’ b”
R AT 63.88 +2.08 4.96 +0.12 19.98 +0.79 7.96 + 0.03
REG 47.03 +0.87 8.61 £0.21 21.66 +0.74 6.85 + 0.02

2% 6 BRI 45 SR a4 B 2 TR, W
5 1 e K 43 BT e 2 SUAR A ) B 1 A 1) A
JUE 8t R REL W A T A AT T s e A 3 A 3 ]
FE AR BT R T2 B T R R o AR A AR K 4345
SRR IS | I AR T A R

Y R K o B R H LA B RO RE R | R T
T EL M AR K, DA 1 A 25 06 B RE
JR0 U L R o P AR A, L T R o O B BT
WHELERZ

x6 FHMERNELR

Table 6 The determination results of texture index

%3 J AN A AE A
A /N # % /mm Jx /N B /m]
i R AT 18 459.71 + 599.92 0.86 + 0.03 14 402.10 + 528.78 12 443.88 + 323.11
Y 16 267.38 + 356.24 0.94 +0.04 12 411.47 + 343.80 11 618.22 + 289.36
HIZ 7 R MERRY) BRI S5 SR AT, Bez AR R P XU ) S5 ) Ao 2 R X 5 B 90T — S e

TR, WS B K B R S E A

JEMARAL SR, G RS I 1 B (RN 5
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1.707%) , B2 9 ot 1 Fh (A5 5 3.266% ), fik 26
PITR 1 Fh (R 55 B 2.642%) , BR2EW BT 1 Fh (M
X 32.447% ), PRI 2R W BT 1 R (R X E
2.971% ) Mg k&2 W) i 3 Fh (A XS % 1 8.481% ) ;
T 5 Ay 2K 0 5 FP (R & = 17.668%) ,
BRI 4 Ff (HEXT 5 5 8.582%) , 2K it 2 Fif
(AHXF & i 0.821% ), kS W i 1 A (AH XS & &

8.262%) , EiZE W 51 2 Fp (AT & i 1.034%) , RIS
YRR 2 B CHERE 8 14.795%) , FEZE W 5 1 Fh (K
Xt 0.448% ), WK 2K W 5 2 B (A X &
1.137%) , ek 2 i 2 F (FHXE 55 0.344% ) , il
WIS 3 Bl (FHXT % & 0.991%) , LY 6
b (R 55 i 2.224% ) A W5 1 (A 5
0.542%) .
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Table 7 The analysis results of volatile flavor compounds

‘ A3 A E /%
B (X - e IR R
B % 2-W A A4 KX H - 6.350 F &
3-W i - 1.475 -
2-F R A -3-H A A KB - 3.548 T A
A-T K 20— AL KBy - 2376 TA& FAH B EA
2,6-= 9 A KB - 3.919 P L
e Tk 1.707 0.139 HEE RAE
313 - 5.576 B A AR
E S - 0.600 F A=k
5 Jh vk v B - 2.267 B A
By % 3,6,9,12-m &+ w12 3.266 - -
[y - 0.269 B A
e B2 - 0.552 oA
BE % 18- B -6 2.642 - -
EE] - 8.262 i Aok
LEES K ER R, M B AR - 0.248 BAEA W E ek
3FA-6-(1-F R T &)-2-3% T H—1-FA - 0.786 -
i %3 - 0.543 B BR R
A5 A B2 32.447 14.252 B A
B % S9N AR S - 0.448 HEE E
vk v 2—iE % Ak vk v 2.971 0.513 25 FEA
2- T A vk v - 0.624 B A
R % AP R = AR 5.306 - A=k
NP AL IR A AR 2.111 0.104 -
+ WV R R A A AR 1.064 - -
F AR - 0.240 -
M & a4 KW - 0.159 -
S—He A i - 0.227 -
a—% F - 0.605 -
A 2,5-= WA 3-(3-FAT )% - 0.249 -
2-W bk - 0.204 BRA EREF
2,5-=F KA - 0.811 B IR R A
2-Z -5V bk - 0.467 B R A
2,3,5-= F fkuhvk - 0.316 B A
- A-3,6-=F ki - 0.177 -
e LSS S Vi - 0.542 -
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Table 8 The determination results of microbiology and benzopyrene

o B .
<5 £ 3 ing-ke
% % EH/CFU - g X # 80 BEICFU - g e
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Processing Technology Optimization of Liquid—smoked High Moisture

Extrusion Textured Plant Protein

Li Jialei', Guan Lijun', Gao Yang',

Li Xiaojuan®, Lu Shuwen",

Yan Song', Wang Kunlun', Wang Chunli?,
Li Bo', Zhou Ye!'

("Food Processing Institute, Heilongjiang Academy of Agricultural Sciences, Harbin 150086
“Harbin Examine and Inspection Center for Agricultural Products Safety and Quality, Harbin 150070
Biotechnology Research Institute, Heilongjiang Academy of Agricultural Sciences, Harbin 150028)

It was to develop liquid—smoked products with high moisture extrusion textured plant protein as the raw mate-

rial. On the basis of a single factor, the response surface method was utilized to optimize the liquid—smoked process as

using sensory comprehensive score as the indicator. The optimal conditions were concluded as follows: liquid —smoked

temperature 45 °C, liquid-smoked time 150 min, and volume fraction of liquid-smoked 5.7%. The actual sensory compre-

hensive score was 87.4 under the optimal conditions. The prepared liquid—smoked high moisture extrusion textured plant

protein had the characteristics of smoky color with luster, tightly organized, rich in elasticity and strong smoky flavor.

The product quality was analyzed by investigating the changes of the main nutrients, physical and chemical properties
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and safety indexes of high moisture extrusion textured plant protein before and after liquid—smoked. The result showed
that there was no significant change in the main nutritional components. But the physical and chemical properties
changed to a certain extent. The L value of color difference decreased, @' and b value increased, which was showing
smoky color with luster. There was a slight decrease in effective acidity. The hardness, stickiness and chewiness of tex-
ture were decreased, but the elasticity increased slightly. The volatile flavor compounds increased the six compounds in-
cluding phenolic compounds which were 17.668% , and other compounds had certain changes in the type and relative
content. All these could improve the quality of products. There was no significant change in safety indicators. The total
number of colonies was both low, and the coliforms and benzopyrene were not detected. Therefore, the prepared liquid—
smoked high moisture extrusion textured plant protein has superior quality. This study can provide reliable data support
for the development, utilization and market promotion of high moisture extrusion textured plant protein.

Keywords high moisture; extrusion textured protein; plant; liquid—smoked; processing technology; quality analysis



