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ABSTRACT: Objective To compare the quality of prepared grass carp fillets under different heating methods.
Methods The sensory, moisture content, cooking loss rate, chroma value, texture, microstructure and volatile flavor
substances of prepared grass carp slices after different heating methods (water bath, steaming, frying and microwave)
were compared. Results  Water bath and frying heating significantly improved the sensory evaluation of prepared
grass carp fillets compared with other heating methods (P<0.05). Water bath heating and steam heating were more
conducive to the increase of brightness value. The moisture content after steam heating was significantly higher than
that in other groups (P<0.05). Different heating methods had significant effects on the cooking loss rate of prepared

grass carp fillets (P<0.05). The hardness of water bath and steam heating was significantly lower than that of other
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groups (P<0.05). After steaming, the fibrous tissue of the prepared grass carp fillet was compact and clear, which was

more similar to that of the control group. A total of 86 kinds of volatile flavor substances were detected, among

which aldehydes, alcohols, ketones and acids were the main volatile flavor substances of conditioned grass carp

fillets. The types and amounts of volatile flavor substances after steaming were superior to other heating methods.

Conelusion The quality of prepared fillets after different heating methods is different obviously and steam heating

is more conducive to the heating of grass carp.
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Fig.2 Effects of different heating methods on moisture content of
conditioned grass carp fillets
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Fig.3 Effects of different heating methods on cooking loss rate of
prepared grass carp fillets
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Table 3 Effects of different heating methods on chromaticity
values of prepared grass carp fillets
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Table 4 Effects of different heating methods on texture of
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Fig.4 Effects of different heating methods on microstructure of prepared grass carp fillets
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Table 5 Effects of different heating methods on volatile flavor substances of conditioned grass carp fillets

- o
% kA% REEEmn CAS i e
A B C D

| 3.922 16630-91-4 2-F e HE A% 3.98 4.43 2,06
2 6.127 66-25-1 R 6.81 5.56 6.55 5.31
3 9,257 111-71-7 HifiE 7.76 5.28 5.72

— 4 341 123-38-6 Hﬂ% 3.05
5 3,952 638-37-9 . 2.18
[ 13.057 124-13-0 IE T RE 1.90 3.99 3.02 3.61
7 11.514 100-52-7 HHIEE 1.25
8 17.011 124-19-6 TR 6.13 5.48 3.37 4,94
1 2.214 64-17-5 ZAF 7.04 518
2 4,671 71-41-0 1-1EEE 345 1.41 424
3 5.376 71-41-0 TF G EE 4.38 3.86 208
4 4.06 110-63-4 14-T -8 0.9%
5 42.224 55261-00-2 ATk 4-S{RL I S mEmy-3 2.51 1.18 1.58
[ 13.152 817-91-4 4-Ff L - FEE 0.84

(5 7 3.75 4415-82-1 BNl 4.6% 3.45
t 3.757 1576-96-1 FiE 2 N - 1 -8 4.74 312
9 2.842 35301-43-0 2-ZIEF T RE 2.16
10 4,751 1565-80-6 §-2-M k-1 - T8 2.34 3.49
11 6.665 16369-05-4 2-G{ B3P L - TRE 2.80
12 5.043 6117-91-5 2- 1 H- 1 0.53
13 12.249 26001-58-1 IE-2-3E -1 - 2.09
| 42.431 3032-55-1 =L 2 A R 3.08 511
2 12.392 3050-69-9 L 6 2 L 2.23
3 4.743 625-22-9 i ®E T ER 1.53
4 2,962 141-78-6 P TS 5.99 7.50
3 6.827 543-87-3 iR Ve LR 425

- [ 42,712 123-86-4 ZHE TR 0.39

) 7 4315 52195-40-1 1,2 436 = HE il = il 3.15
8 9,132 122-70-3 PiR-2- 4 2 s 0.14
9 6,865 16466-61-8 Tl R T B 3.29
10 5,143 2438-20-2 PRE 2- T RR 2.62
11 5,023 2399-48-6 P 1 O S AL 312
12 5.124 1002-16-0 il % e 2,66
| 3475 6152-89-2 S-ERdE A 203
2 3.087 72-18-4 L5 4 0.98
) 7.105 144-62-7 T 4.34
4 6.87 6737-24-2 2PRE2I-AR-2TRE) 0.50
Ha 2

5 41.896 54699-35-3 1,2.4-% = iR 2.45 0.99 2.77




330 B 9 A A 9514 %
=58
EH1 fbAM  BEEEHE/min CAS i 4 it
A B C D

i 4,858 133-379 DL- 47 % 1.48
7 6.927 107-35-7 il il 2.75 3.76

[l & 42.609 645-88-5 (LI L 0.37
9 4,636 42848-06-6 E-1-WIE R -1-4 1 197
10 12,324 557-24-4 P v 1.30
1 5.499 513-35-9 22T 0 1.19
2 3.63 1691-13-0 1,2- 20 24 0.00 4.01 3.79
3 4.698 3769-23-1 4-F-1-C 4 2.17
4 4,38 52195-40-1 Z-1-WVE - 1 -1 465 4.64
5 3.462 75-02-5 Ak &4 2.85 3.66
6 8.916 100-42-5 E 4.21 2.65 3.71 161
7 11.056 79-92-5 HUHG 0.93 1.02 1.38
% 7.085 75-02-5 il AR 4.84
9 6,722 75-38-7 110 24 6.75
10 42,481 381-61-3 213 T 218

7 G 11 14.158 99.83-2 A 0.98

12 6,507 541-05-9 A AR i S 402
13 6.705 53229-41-7 12-FR 4 a5 3 2.30
14 19.625 62108-22-9 2,59-— B 1.51
15 15212 16747-50-5 1-2 BE-1-F BRI 6 1.92
16 13.005 111-84-2 T 0.49
17 20.721 62108-22-9 2,59-= B BBy 1.59 0.79
18 14.011 515-40-2 1-G8-2-F B2 8 BN 0.38
19 19.558 1002-43-3 PRk 149
20 15.462 1071-26-7 22- B (.62
21 20.676 921-47-1 23 4-=HREE Ok 0.73
| 7.858 100-41-4 LR 437 2.90 4.22

- 2 8.136 106-42-3 A 1.98 1.09

G 3 13.931 535-77-3 fE1] 55 P A e 1.53 1.33 1.35
4 5.206 108-38-3 fi] = 2.11 2.06
| 14.221 54410-98-9 4,6,8-=H R - 0.34
2 4,205 666-52-4 AT 6.32

({26 3 20,749 5405-79-8 22- PR .54
4 2249 39795-60-3 5= JHL 1o 4 P - 2- il 3.04
5 3237 590-90-9 A-FFHE-2- 1 1.43

fiE 3z 1 4,505 3299-32-9 i P P B 3.50
| 13,936 §24-86-2 AL P LR R 2.33
2 3.61 3226-65-1 L2 S P i 6.69 5.00
3 3.965 14094-11-2 A~ 1 IR LW
4 5.086 7446-09-3 AR 2.76 2.41 6.56
5 2,319 10102-44-0 —FAbE 2.61
6 2,849 14610-37-8 N T 4 i 1.66

Hedlls 7 42419 5823-51-8 1,25 1 1-— S (k4 0.85 7.15
8 6.997 s3005.053 4R Egi’:i:; = 1.45 6.74
9 7.903 100-41-4 P 5.43
10 2.284 75-12-7 P 5 e 3.13
11 42,186 6921-35-3 33- " 0.50
12 3.117 13961-37-0 2-&, KRR 207




H 28

B I MR T | SR R T e i I
VAR RE ALY, B 41K R0 2R 2, AR5 L
e TP A ) T A R ) 2

A 44 IR - S S RO ) A e Ry 5 T,
HUL R R, B 4UF D dRYRRA T &
o A B 22 B R, PR A AR T R
A AR

1 245 0 T — MR A AT ot R S AT LT i 9 S AR A
2R B PR MRS . 5 2L 2K 0 o 1S AR R 5 e T
K, AH B AL & SRR B T AL R
FRIER R A T M Y A

Ltz i ok A BRI ARG A AR R, B B
FEFRW, BerEB At — B A IF T AT LA MURE F AR, A
R B, — AR MR TR AR 4 AN,

AR SN T M 3 R R AE & R R ok, RMERAf N R
A7 R R Y. A LA B 2L A IR A R
-HE, {0 B HIAYHDN & B T A 41, C M REE,
D ZH AN AR e BT B PR A AT R S R Y
£l

G At IRURA: Sy S5 050 38 R B ) KU R 52 /s, fELR

R e e A 2 e AT R AR
35

AT AL X A Oy oK e . FEE . kR
I b BN R A O L RUEE(E . AR R BT
SR A ROULEE A A KU R Y A e R
IfA R 0P R ) SRR B ) S (P<0.05), Kt
T 8RB A ROR AR AR AR A E A
) HE R Tl RE AL, b A A S AT R R TR e EE R I
iy e O A R K A Y B ) 8 (P=0.05); AN+
B8y 2R IR A R A A R B B 35 (P<0.05);
AR A R B A R R AR e e D, TR BN A B
SR ILBEAE, bk AR 75 S A 4R R (P<0.05), T
B O T B L MRV R s AR A AR R e
2T off 4 2 E R, SRR 86 BhE A PR R R, H
PRESE 8RR, R 13 Rh. EES 12 Bh. BRE LORP. MR
11 FP, A2 10 Fh, AR5 4 b, @2 S AP, BRI RPAE
fln 12 Fib, WS, FE2S | AdSSANMEHE R IR BR At e f) S
ek RUBA

L FRRR, POAE IS A A s PO KA
frig-A U E O S NS B s e I R D o o S 2B
SRR, LT LR L, W R e, R, P
hn A R R B A N, ARRFRE U EE T R
Jrat s EEE L ] F AN [E] I S0 IR £ e R
oA XU 4 A e, i e o O AR [l E S s
e ] of ] P A £ i O A 2 o 3 9 A — AL

2]

3]

4]

(51

[6]

7

el

[£]

%]

[10]

(11

AR, S LR A R A ] O AT AR A 331
&3 300k
(1] Lz, 0 QTN % AR TS s fih e i)

Trdh Tl FHE, 2023, 4401 362-368.

WANG ZY, LI T, LIU ZX, ¢f al. Quality changes of grasscarp visceral fish
oil under different storage temperatures [J]. Sci Technol Food Ind, 2023,
44(1): 362-368,

edk il R, PR M. JER R R, 2012,
Ministry of Agriculture Fisheries Bureau. China fishery vearbook [M].
Beijing: China Agriculture Press, 2012,

R, P, S, i A i s 8 A R AR S 1
EEI[T]). eh o Ao, 2022, 2T02): 164-172.

TIAN L, ZHUANG S, LUO T, er ol. Effects of drying on the storage
quality and microbial composition of fresh prepared grass carp
{Crenopharyngodon ideflus) fllets [1]. 1 China Agric Univ, 2022, 27(2):
164-172,

JSEE, BREE, EUEHBE, SE. W Ry 2O b R R RERN
FIREWI[AOLY 8 op ol R O B FHE R 1270 [2022-12-01).
http:/kns.cnki.netkems/detail’/42. 1181,5. 20220613, 123 7.002_html

LU L, LU §, WU RL, e al. Effect of the second heating method on the
edible quality and fat content of fish cake [/OL]. ] Huazhong Agric Univ
{Nat Sci Ed): 1-7. [2022-12-01]. http://kns.coki.net’kems/detail’ 42,1181,
5.20220613.1237.002_htm]

PATEIRO M, LORENZO IM, VAZQUEZ JA, et of. Oxidation stability of
pig liver pité with increasing levels of natural antioxidants (grape and tea) [1],
Antioxidants, 2015, 4(1): 102-123.

AL AR FEAN AN T A R T (R R S (D).
H 5 RaE, 2021,

LI R. Effects of different thermal processing methods on tilapia fillet
quality [D]. Yantai: Yantai University, 2021

AHE, AL, U, S I R A e £ e R
TERFPERREmILT]. HERRT I A, 2020, 35(4): 577-583.

LI R, SUN ZL, YANG X0, ef al. Effects of heating methods on texture
and protein physicochemical properties of Nile tilapia fillets [1]. ) Dalian
Ocean Univ, 2020, 35(4): 577-383.

ZHANG H, WANG W, WANG H, ev ol Effect of e-beam irradiation and
microwave heating on the fatty acid composition and volatile compound
profile of grass carp surimi [J]. Radiat Phys Chem, 2017, 130: 436-441.
FRET, MM, ShRL, S Rl e ] () i R (A R AR e
TE B fridFlE, 2018, 39(23) 6.

ZHENG H, SU XB, MA L, er al. Effect and underlying mechanism of cold
storage on textural properties of cooked monopterus albus [J]. Food Sei,
2018, 39(23): 6.

T, AU, W), S5 SR b e A P A2 (AL T). i
55 4 FE 1k, 2020, 46(9): 171-175

DING B, DAl ANN, GU L, er al. Study on meat quality changes in the
process of marinating [J]. Food Ferment Ind, 2020, 46(%9); 171-175.
IR, dvicon, TR %, AS[E A AREL I R R O A
IR [OL]. foah TalFHE: 1-18. [2022-12-20]). DOT: 10.13386/
J18sn 1002-0306.2022050168

XU RY, XUE J¥, WANG M, er al. Effects of different thermal
treatments on tendemess and volatile flavor compounds of beef [J/OL].
Seci Technol Food Ind: 1-18, [2022-12-20), DOT: 10.13386/ 1550 1002-0306.



332 B BAE R A o5 14 3
2022050168 [23] HER, W1, B5E, % Jbnihas i b aim A e k.
[12] VAUDAGNA SR, SANCHEZ G NEIRA MS, et al. Sous vide cooked beel [H2ERT5E, 2021, 35(10): 25-32.

[13]

[14]

[15]

[1é]

[

[18]

[19]

[20]

[21]

[22]

muscles: Effects of low temperature-long time (LT-LT) treatments on their
quality characteristics and storage stability [J]. Int | Food Sci, 2002, 37(4):
425441,
CHRISTENSEN L, ERTBIERG P, LAJE H, er af. Relationship hetween
meat toughness and properties of connective tissue from cows and young
bulls heat treated at low temperatures for prolonged times [1]. Meat Sci.
2013, 93(4): TR7-T95.
CHANDRASEKARAN 5, RAMANATHAN S, BASAK T. Microwave
food processing-A review [J]. Food Res Int, 2003, 52(1) 243-261,
ECEAL, Ao, TR, . R R ERG R BRMLe
ShEEI AR [JFOL). £ B SE: 12200 [2022-12-05]. hip:/ikns.enkinet/
kems/detail/11.2206. TS 2022111001 747.006 html
ZHAO YH, YIN WT, WANG XD, e al. Effect of microwaving sesame
seed on the flavor, nurition and safety quality of sesame oil [1]. Food Sci:
1-20, [2022-12-05). http:ikns.enki net/leoms/detail 11,2206, TS, 20221110,
1747006 html
BERES, WO, FASE, WL ASRLAEN S SR A S
ErdbFleE, 2022, 43(11): 39-48.
XIONG YW, HUANG H, LI LH, er al. Effects of different boiling
conditions on the quality of tilapia fillets [J]. Food Sci, 2022, 43(11)
3948,
CARLEZ A, VECIANA-NOGUES T, CHEFTEL JC. Changes in colour
and myoglobin of minced beel meat due o high pressure processing [1].
LWT-Food Sci Technaol, 1995, 28(5): 528-538.
THIANSILAKUL Y, BENJAKUL 5, RICHARDS MP
characterisation and stahility of myoglobin from Eastern little tuna
(Entlynnus affinis) dark muscle [J]. Food Chem, 2010, 124(1); 254-261.
hERE, HEVE, FME, S AR S A L R O T EIRERHT]. £
[alk, 2022, 43(3): 5.
BU LI, YAD Q, WANG B, e al. Effects of steaming methods and

Isolaticn,

steaming utensils on the guality of mandarin fish [J]. Food Ind, 2022,
43(3) 5.

BELL W, FARKAS BE, HALE SA. Effect of thermal treatment on
moisture transport during steam cooking of skipjack tuna (Kaisewonas
pelamis) [T]. ] Food Sci, 2001, 66(2): 307-313.

REEERE, AT, B, B INCRLRLEE S S PRI, R
MR (RREmI LT, SEETRTSE, 2020, 37(4): 6.

TANG JH, ZHANG XN, HE XL, er al. Effects of heating temperature on
the physical and chemical properties, texture profiles and microstructure
of grass carp [1]. J Res Die Sci Cult, 2020, 37(4): 6,

Lfh A, WAL, VRSO, FE. RN ER R A R AN R LA )
T MR REmAT]. fTRhTHAR, 2021, 42(8): 40-45.

JIANG JD, YANG MY, XU CH, er al. Effects of salt concentration on
texture, microstructure and quality of grass carp muscle [J]. Food Sci,
2021, 42(8): 40-45.

[24]

[25]

[26]

(271

28]

[29]

[30]

[31]

QIN CQ, YANG WF, LV XZ, e af. Change in the flavor of Beijing-you
chicken brath during cooking [J]. Meat Res, 2021, 35(10): 25-32.

DING A, ZHU M, QIAN X, ef al. Effect of fatty acids on the flavor
formation of fish sauce [1]. LWT, 2020, 134; 110259,

ERAERE, REeddh, B, 5. BN SGHE H TRl Rk S
TeUERELT]. Foab B, 2019, 40017): 36-44,

GU 50, TANG J1, ZHOU XX, e al. Quality change and aroma formation
in cured fish dunng traditional processing [J). Food Sei, 20019, 40{17)
3644,

SELLI 8, CAYHAN GG Analysis of volatile compounds of wild gilthead
sea bream (Sporis aurara) by simultaneous distillation—extraction (SDE)
and GC-MS [1]. Microchem J, 2008, 93(2): 232-235.

HZ A, KH B, HC A, er al. Characterization of flavor active non-volatile
compounds in chicken broth and comelated contributing  constituent
compounds in muscle through sensory evaluation and partial least square
regression analysis [T]. LWT, 2020, 118: 108786,

T, BEHEHE, DUWER, S CRIRLEh AR EL S M S A A L
FE]. JbE TR A H SRR NR), 2010, 28(3): 17-22.

FENG J, CHEN HT, HUANG M0, er al. Study on volatiles in diffent
pixian pea sauces [J]. ] Food Sci Technol, 2010, 28(3): 17-22,

BEET, BRORET, R, SF. OO SU7EM AR IR BE L B P e R e I
SRFTEFRLT]. frahFeE, 2021, 42(20): 138196,

JA Z, CHEN XT, PAN N, ¢t al. Changes of volatile flavor compounds in
takifugn bimacelatus during refrigeration storage [1]. Food Sci, 2021,
42(20): 188196,

SEE, FIEE, EW, S AR T i f
fiaEm ). €5aIFSE S 0T %, 2022, 43(6): 75-84,

ZHANG Y, LI HH, WANG I, er al. Effects of cooking techniques on
volatile components and sensory characteristics of shiitake mushroom [J].
Food Res Dev, 2022, 43(6): 75-84.

B, A, EOR R, SR B b B e R R T AR
FhURECER AT OCHERTSEL]. Frbb ColoRHE, 2022, 43200 152-162,

DU ¥, FAN LL, OU CR, et al. Correlation between volatile flavor
components and bacterial population succession during  mackerel
fermentation [J]. Sci Technol Food Ind, 2022, 43(20): 152-162.

(TriEsms: & FAE 54

fE& BT

BAF WL, BIHE XEEWEAE
AEEREZE.
E-mail: 610100tgsenia163.com



