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The influence of thermal treatment on grass carp quality

and volatile flavor compounds
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Abstract; The changes of quality, protein composition and volatile
flavor compounds of grass carp were studied at 60, 70, 80, 90 and
100 ‘C, shape, texture, nutritional value and flavor were set as the
evaluation indexes. The results showed that the weight loss rate of
fish increased with the treatment temperature, and the L * value of

*

fish increased. but the a * value decreased. The hardness, cohesion,
amino acid content, E/N ratio showed an upward trend. 87 types of
volatile compounds were detected by SPME-GC-MS, including 24
kinds of alkanes, 19 kinds of aldehydes. 14 kinds of acids, 12 kinds
of esters, 9 kinds of alcohols, 4 kinds of ketones and 5 other com-
pounds,. Among them, alcohol and aldehydes substances in all sam-
ples relative content of were the highest.
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Figure 1 Effects of heating temperature on rate of mass and

moisture loss of grass fish (n=3)
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Table 1 Effects of heating temperature on brlghtness, red-

ness and yellowness of grass fish (n=5)

TR B/ °C L~ a” b
Xf HE 4 42.4240.341 0.36+0.04¢ 2.09+0.16¢
60 63.66+0.23¢ —0.1640.26" 8.2240.15%
70 65.50+0.48¢ —0.2140.07" 9.0740.19%
80 67.124+0.11¢  —0.2340.14" 9.2641.32%
90 68.130.57> —0.4240.30>  8.9940.19%
100 69.64+0.26* —0.8840.06¢ 7.54+0.06"

T RS ) B 3R 22 5 i 3 (P<C0.05)

HiZe 1 AT, Bt YR L B A AL B B B T e 2
TR, 025 B3 (P<T0.05) sa " B 25 AL H13E BE 19 T
R R = o A N D VR NS R TR OB T A R
FAR R 3 2 o A0 P R BR 1 SRR L T Bk
ARANMPRENFEW . ANERLE. EEERBEH
MaEEMnILER. Lo RES. LEEAE
B AR R R B A 0 AR LR S L
THE T
23 RNITTEE&&GARMAHFEZN
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Table 2 TPA properties for grass carp after heating (n=25)

S gz /C WA /g Fitk/ (g Gk N R NELVE 1/ g [ 52 1
X R 41 214.333+97.36" —26.70840.72% 0.61+0.01" 0.578+0.01° 75.326+33.14° 0.22040.047
60 239.197+52.69®  —27.139+7.75*  0.81+0.02¢ 0.609+0.04% 116.569+16.23 0.227+0.01%
70 501.467+£68.25% —23.41445.83¢% 0.6540.08" 0.569+0.08% 212.709+40.86* 0.22840.01*
80 234.041+105.40*  —18.73744.79¢ 0.66+0.04" 0.55740.03° 88.428+46.71° 0.19940.03%
90 236.409+58.21>  —21.266+2.61° 0.69+0.06% 0.57840.04° 76.978+34.45% 0.20840.03%
100 252.508+41.134 —16.00242.41* 0.6740.06" 0.60340.04% 103.483+30.42% 0.22840.02¢

T B A R TR R R 25 5 1 3 (P<<0.05)
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FTAE Ak . B AR PR B 22 R4k B S TR B 09 AE Ak e o B R, 7E
70 °C 5 3 B i {8 AR LT BRAL 38 T 1.5 £, X 2R
NG 0 N AU &K R I, R s VI L TR
LR T o R ISR R Y R, R R AR R IR P A R
JET R R A LR B L3R I ) S R P R A R IR T 45
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Table 3 Amino acid contents in grass carp after heating by
different temperatures (n=3) g/100 g
HAER X4l 60°C  70°C 80 °C 90 °C 100 C
KA H R (Asp) 1.563 2.183 2.157 1.851 1.949 1.879
IR (Thr) * 0.689 0.935 0.945 0.810 0.849 0.814
24 5 ik (Ser) 0.677 0.883 0.894 0.770 0.801 0.776
AR (Glw) 2.589 3.572 3.543 3.036 3.183 3.026
fili & 82 (Pro) 0.652 0.608 0.612 0.533 0.531 0.579
H & ik (Gly) 1.113  1.000 1.018 0.863 0.893 0.922
W& R (Ala) 0.989 1.210 1.190 1.021 1.071 1.051
AR (Val) * 0.675 0.976 0.959 0.826 0.873 0.835
EHE M (Met) © 0.510  0.657 0.664 0.590 0.611 0.577

Sl * 0.616  0.891  0.875  0.758  0.797  0.765
LR (Lew) 1.194  1.718 1.708 1.465 1.545 1.469
AR (Phe) * 0.476  0.649  0.576  0.551  0.525 0.527
R R (Lys) 1.369 1.987 1.976 1.682 1.778 1.691

2 H R (His) 0.473  0.747 0.729 0.608 0.640 0.618
K &R (Arg) 0.984 1.224 1.236 1.047 1.098 1.067
EWREME 6.251 7.965 7.908 6.771 7.096 6.878
7 B IR 5.529 7.813 7.703 6.682 6.978 6.678
e Ts EFE R 9.040 11.427 11.379  9.729 10.166 9.918
E/N 0.612 0.684 0.677 0.687 0.686 0.673
JuNie 14.569 19.240 19.082 16.411 17.144 16.596
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Table 4 The composition of volatile flavor components and relative percentage content

[(ax7] 4 1 ] / A& i/ %

Wﬂi@ fes e i ! min 60°C 70°C  80°C  90°C 100 °C
1,3— 3¢ 6.492 — 2.52 — 3.48 —
B2 Wap 6.724 — — 7.66 — -
F b 11.830 8.45 — — 18.15 10.74
Tk 13.257 1.43 — — — -
Tk 13.246 — — — — 1.34
1,30 20 13.259 — 0.15 — 0.16 —
b 13.268 — 1.65 1.01 1.30 2.50
1-fif O o 13.746 1.52 — — - —
B b 14.224 — — — — 2.49
B 16.026 — — — — 0.42
2505 16.221 — — — — 0.37
-4 16.320 2.52 — — — -

I2ES + =k 18.614 0.42 — — — —
et 21.580 0.42 — — — —
+ 21.584 — — 0.65 — 1.00
=k 21.589 — 0.29 — — —
E-1-+— Bk 23.048 0.16 — — — —
T e 24.394 0.14 0.08 0.34 — 0.15
K -4 24.860 — — — — 0.09
25 25.756 — — — — 0.03
Rk 27.039 0.17 0.07 0.45 — —
9-+ A\ Jis 31.417 0.15 — — - —
+ Uk 31.421 - — 0.19 — —
-k 31.916 0.20 0.11 0.93 — 0.16
/it 15.58 4.76 11.23 23.09 19.29
[N 5.548 10.94 5.63 — 22.41 38.96
2,2- " H -3 FR LN R 5.695 — 4.97 — — —
BEE 7.195 — 3.92 2.78 — —
S -2 B I T 10.700 0.60 0.21 — 0.20 —
HE R 10.860 — 0.27 — 0.22 0.94
IEE 12.294 — 2.33 6.45 — 1.83
S -2-9F s 14.171 1.45 0.88 0.88 0.86 —
2- B0 PR R 14.509 — — 0.59 — —
T 15.674 5.82 5.40 9.07 6.05 3.47
R -2-T-f 17.467 0.49 0.27 — 0.36 —

S
+ 18.872 0.47 — 0.17 — —
Sk 18.875 — 0.37 — — 0.76
2% 20.581 0.80 0.22 0.53 — —
(E,E)-2,4-T 1 22.250 — 0.32 — — -
2~ — W 23.522 0.70 0.31 0.80 — —
J-2- R 26.271 0.15 — — — —
= 27.430 — — 0.08 0.01 —
A i 1 29.957 — 0.06 0.34 — -
+ N 32.350 — — 0.11 — 0.07
N 21.42  25.16 21.80 30.11 46.03




E33EHFEIH Wi S AR T X B g A TR R R RS 5
gk 4
1R B I [A] / XA/ %
4??%% et " min ! 60 C 70 °C 80 °C 90 °C 100 °C

1= Jf-3- 10.651 — — 0.33 — —
2,33 10.942 — — 2.94 — —

il 24 2-FF 5 i i - 1T 23.944 0.15 — 0.43 — —
AP 25.925 — 0.02 0.09 0.04 —
/it 0.15 0.02 3.79 0.04
1- 1 4.927 — 1.88 — — —
iF O 8.170 49.39  33.98 35.82  38.50  21.61
1-F -3 11.676 — 17.07 0.36 — —
1-3 14.957 — 5.10 — — 2.61

- z-m‘%-l-%ﬁg 15.o§1 - — — — 2.85
U 4, 3 AK 5 16.650 — — — — 0.08
1-T-F 19.563 1.52 5.88 5.20 2.98 —
1-Bfi it 19.820 2.11 — — — —
+ 21.350 — — — — 0.09
/Nt 53.02  63.91 41.38  41.48  27.24
gamma- ] N 10.346 — 0.05 — 0.74 0.30
2— LT BRI R 15.454 — — — — 1.61
PR 2-2 3 O g 19.575 0.10
kiR — 2. 1is 29.664 0.16 — — 0.09 —
AR R S TR 35.878 — — 0.48 — 0.05
5 R H s 36.914 0.20 0.06 0.41 0.11 0.14

e R R 5 T T 38.900 — 0.03 0.22 0.07 0.03
Tl 5 12 s 40.892 0.09 0.02 0.20 0.05 0.06
+ N 2 TR 42.785 0.12 — - — —
v SR 7R TR 46.328 0.09 — — — —
T I R H S 46.733 0.07 0.01 0.15 — —
1,3- W BE R H g 47.513 0.16 0.02 0.95 — 0.06
/Nt 0.89 0.19 2.41 1.06 2.35
=Y 9.663 — 0.07 — — —
BB 15.125 0.49 — — — —
T 18.161 0.15 — — — -
SV R 18.200 — — — 0.39 —
T2 21.038 0.32 0.56 — — 0.34
3L HEEPEIR 21.087 — — — 0.26 —
J=R:317: 28.891 — — 0.20 — —

i7ES CEEAN 33.531 - 0.03 0.27 0.05 —
F BRI R 37.425 — 0.03 — — —
R R 37.799 2.20 1.22 5.42 0.78 1.16
T\ R 40.422 0.32 0.96 0.95 0.21 0.24
R 41.285 — — 3.59 — 0.85
I 2 /B A R 41.299 1.72 0.86 — 0.47 —
T fg 2 41.692 2.40 1.14 4.79 0.69 1.18
N7 7.60 1.87 14.82 2.85 3.77
e O i 7.642 — — — — 0.15
2- 13 35k i 11.127 — — 2.82 — —

ot N N-Z T 35 i 21.858 0.32 0.21 0.47 0.35 0.33
O R R R 24.166 0.90 0.70 1.22 0.74 0.90
()1, 2- kMG 44.052 — 0.06 — 0.04 0.09
/N 1.22 0.97 4.51 1.13 1.32
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Figure 2 Total ion current chromatogram in GC-MS of

grass carp at different extraction temperatures

W A T A it R ORRGE 5 R R A TS A AR R T X

WRA IR 208 . HoHp, 90 °C Ak B B A A R BT A I H Y

K S R AR 5 ke o BV £ 238,09 065100 °C Ak

14 e DAY v T ) A4 R A R R e e s o LR A Y

460396 570 °C b FIf) B £ PA) o O R DXL ) 5T R
58

s LR Y 63.91%0580 °C Ak A HE 0 Py o S S K BR 28I
R R T i 0 s )RR Y 2. 4196,14.82% .

B2 g B SR AL o A 2, — M AR R T R L
BT S T A 2 R BTk A K5 TR 2 Ak 5 ) — el
TR T A T B 2 P R A A R P B R AR R
PO Tad AR 3 2 AW 5 5 B A A I A 3 I S 1
JE D A AIAE 70 °C (BEZS T 80 °C (E ) Bt ik #I) # {5
L — s 2 I T KR A T T LA S L T AR A T
MR FEAR Y 13- AXAE 70,80 CHEHK H A &
T RITT SO 25 BRI 2-pe sk ket AR 80 C Ik
i o TR 70~ 80°C Ab 3 1) #6170 I 1L PO & B VA S
AN Ry L M XU ) T3 4 AR R B R XUk . T 60 °C
AL PR A A A T R AR A AN R R R 0
I A IR IR B VR A L A el A A T A R Y D Y I B
P60 °C AN 38 JH AR 0 £ A B4 T A 4k T BE . R R 2 A K
W I {1 A 16K o B i T KU 7 A R TR H —
RS (O R S5O B TR T v & S B b, A3 4 o
Al F A 100 CAMG R m A b R RS RERE,. W
A Sy H X B 0 P 1 XU A K BTk .
3 B

(1) #m 5 B L~ 8 BE #4040 38038 5 04 T 1 7+
1R sa " (LB A A BT O T N R AR L 6 B AR AR U 5
ETEIE R R A TR (0 S b d R W R Ok R 4 2 3
BT 15 R PR O A AR bR A SR A — B0 H
FIN T4k S B 0 0 BB SR IR LB U R LA R
R A .

(2) FIH SPME-GC-MS, 1£ i T 5 (9 2 48Py s il o
87 Rl &Mk BLAY L Beda 2 24 Bl WESKS 19 B, BR2K 14 R Fig
12 Fh BESS O Bl W2 4 B, Hoqth Ak & 4 5 Bl L R S
W R AE BT A BE AR S B e B R YR

ML 20y BE &, R O T NECR 70~
80 C iEAT 4B, A AR UE T 5 IR R R R RV R L
17K,

S % Tk

C1] X0erse, 5 RA, k. K™ mom L5 M]. Jbat.: /b2 Tl
HRRAE . 2006 1-4.

(2] =20, xmete, HIFEmR, 5. mHud #0855 ey
BT, £ & Tk A, 2014, 32(12); 104-107, 112.

(3] XUHEWs, WA, MREE 4, & Rk 3 f0 A ) 5T A9 52 R AF 5% F
JELT]. 2R R, 2012, 40(32): 15 891-15 893.

C4] BERs B, £8) 5. JRA0 3 J7 2000 2 V5 1A 25 £ b 5% o () 10F 5%
HERELT]. B i DR, 2016, 37(9): 388-392.

(5] P . 530K, 78R 4t fa ) S FL R (A R VR s L) ).
M5 HLE . 2010, 26(1) . 22-25.

L6 WAy, Z=/haE, AEEA. . 5 FhIR/K 7 0 b k&% 5 8 3%
JROT AR ORPE A BT LT, iR, 2011, 32(11): 69-73.

07 Wi . s e A0 38 0 8 309 i) i ) B RV 4 Jo A2 AL B 52 [D]. K 1
WIm Al K, 2014 13.

(F4#% 68 )



E33EFEIH

/0N B A 3 A 109 5T R AR R KUK gy

W 5P

HhRE S A R B S R R R B HL XU R 4 R 28 R
L, X A & A T R TR LKL S R ) S R A 4R AL TJE
BHE AT

(2) 3 FRER A KB B o B BRI 2R e R T & 1
KON EERY RS BB L BRI T 6500 &4,
T 5 5 R KUK 4 5 v T 25 5 A R 23K 68.8 %0,

) EFE T2 K Py it £ 22488 Wi — TR, 5
BRIk M XU T 58 % ~65% ., I TABE W R = T s
ST — B LA R BRI B AR TE M E L (R 2
FEAT A PRI . R R LA B R T £ X 35 R 0 2 4 Al
JER W I B — 2B AR

S % 3k

[1] fekE=, B, NALHE, % WA % 8 E 7= 5t e 90K A&
L), #idege B2, 2011, 50¢19): 3 934-3 939,

(2] G ERE, B30k, B IR I 4 — Gl ) 08 110 3 48 37 (o 1 FH 1 BF 5
(1. & S5HL, 2011, 27(4); 129-132.

(3] BEz, e, BUAE, 5. 70 T4 TR IO ff fef ) 34 38 19 BF
2017, &SP, 2010, 26(1); 145-147.

[4] sk, # T 80, ZFER, % 5% Uk kB AR X e b) 35 38
SR L)), &SI, 2013, 29(1) . 170-172.

(5] XU/NTF . &, v, 5. fof 1) 35 58 % et 7 v £ 35 5
AEE%EN], BR5HLM. 2016, 32(4); 148-150.

L6 JMIF, FHME, fkisk. % HMEAHGFRLZMRD]L &
SRS PR, 2015, 31(6); 190-192.

[7] tRaede, IhAS, PRAEST, 45 HEEMEIR L2 R H Ak
WEERFSEL)]. &SP, 2016, 32(2): 128-132.

[8] W KE, & 1 7. Mrh A is W ot kR[], | A4l B
2 2010(10) ; 129-130.

Lo XUZE0E . ok f, ATARAL. RL4H0 O JFURHIN 188 v i e o B X

BRI frd 5 A AR, 2011(2) : 228-233.

[10] sk3CH . T3, B/AR T, . SPME-GC-MS ¥ i Wl il 1F # Jc 35
BRI fri B, 2012(14) . 228-234.

[11] YANGA W J, YUA J, PEIA F, et al. Effect of hot air drying
on volatile compounds of Flammulina velutipes detected by HS-
SPME-GC-MS and electronic nose[ J]. Food Chemistry, 2016,
196. 860-866.

[12] BUEA, HEFE. 22000, 45, BT H T A GC-MS W A [
’H‘%ﬁ?ﬁ%lﬁun TR R A B AR LT, SRR RN 2015
(11): 290-297.

[13] GIOVANNI P, LORENZO C, GIUSEPPE P, et al. Composi-
tion of commercial truffle flavored oils with GC-MS analysis
and discrimination with an electronic nose[ J]. Food Chemistry,
2014, 146(7): 30-35.

[14] CHENG Huan, CHEN Jian-le, CHEN Shi-guo, et al. Charac-
terization of aroma-active volatiles in three Chinese bayberry
(Myrica rubra) cultivars using GC-MS-olfactometry and an e-
lectronic nose combined with principal component analysis[ ] ].
Food Research International, 2015, 72. 8-15.

[15] XU Li-rong, YU Xiu-zhu, LIU Lei, et al. A novel method for
qualitative analysis of edible oil oxidation using an electronic
nose[ J]. Food Chemistry, 2016, 202; 229-235.

(161 Be/NB gkl s W RUF - 45, TR 3 b B R K #0150k 1% 580

[ KBk A A L F S e AT [T, & 5 Tl BB, 2015, 36(6):
325-330.
[17] Rz s SR, (AR, %, KRR T2 R R F R T

SRICTT. P E SR, 2012, 12(2): 207-212.
(18] BRI A, WM, AR, S5, v -7 SR I el 14 3R WRUBE - ity
AL gL . rhl_lﬁ*uu%éi& 2010, 10(6): 199-203.
(197 2=, T alis. XIEZ, & b F Ry m b & R 0] &
R, 2013, 34(8): 236-239.

(k3% 58 )

[8] Rk, B&AW. AF=fin T T8
4. 2011 58.

[9] BE, sk, WHMAEKERIFZRLIT] &MEB2, 2000, 21(4) .
23-26.

ML dEaT: Rl R

[10] LIDA H. Studies on the accumulation of dimethyl-propiothetin
and the formation of dimethyl sulfide inaquatic organisms[J].
Bull Tokairey. Fish. Res. Lab, 1998, 25(124); 55-63.

[T AR g, o e JUL P A T 3o 78 o B B AL IR 9 (D] K. K
BTl R, 2014: 28.

[12] XVBRFS . T3 a5 . 2500, VR0 i £ | 09 £ £ DY
Wrgel)]. &S ML, 2010, 26(2) . 13-18.

(137 SFIEHE W SCAE . 320 45, R Tk 6 40 5
[7]. &R R, 2011, 27(5) . 144-146, 150.

[14] Z=RUpk, sk, R E. A EFR¥IMI Jont:
¥, 2009. 24-49.

[15] FRANOIS L, FREDERIC K, BRUNO L, et al. Differentiation

PR R

A B R W T 5

b2 Toll R

of fresh and frozen/thawed fish, European sea bass (Dicentrar-
chus labrax), gilthead seabream (Sparus aurata), cod (Gadus

morhua) and salmon (Salmo salar), using volatile compounds

68

by SPME/GC/MS[]]. Journal of the Science of Food and Agri-
culture, 2012, 92(12): 2 560-2 568.

[16] JIANG Jin-jin, ZENG Qing-xiao, ZHU Zhi-wei. Analysis of
volatile compounds in traditional chinese fish sauce[]]. Food

. 266-271.

[17] RIVAS-CANEDO A, JUEZ-OJEDA C, NUNEZ M, et al. Vol-

and Bioprocess Technology, 2011, 4(2)

atile compounds in low-acid fermented sausage “espetec” and
sliced cooked pork shoulder subjected to high pressure process-
ing: A comparison of dynamic headspace and solid-phase micro-
extraction[ J]. Food Chemistry, 2012, 132(1); 18-26.

L18] BBk, MoTa, RiEHE. 55, PRHUR BE 4 22 f0 45 2 P XUk i 43
B SPME-GC-MS # #l [J]. £ & 5 Bl K. 2009, 25 (6):
102-105.

(190 Thifp g, B SCIE . R, 5. i A 3G 46 46 P JXUBK 490 J52 1
)], AR MR, 2016, 32(8): 204-212.

[20] X822, #fd, Phifh. 4. HS-SPME %5 & GC-MS ¥ 43 #7 8 £
PN AR JE 45 & MRy R LT ] ' dh B 2E. 2012, 33(14).
242-246.

[21] F8. WiSCIE. 5% AT, 5. B 5 X o 6 4 g ROk i 52 i
(0. & & Tk RHE . 2014, 35(24); 107-112.



