e Ao ﬁ M (7308 ca £ (ARFEIUE) FSTA
b ™ a ¥ AAE S BRI SR IS T HEFHIOBTICSTPCD

® B I 4 M =® SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY EABCET RCCSEEIZUFAREH
&ﬁ - B - ik - XTH - %E hEEYES R S inoMediEEIH hERHIZOERRA
hEEREET

T TR v e B T 4 A KB 0 T ) R

KR, ML, KBS, Tam, £, ELE

Effect of Different Thawing Methods on the Freshness and Volatile Flavor Compounds of Anchovy (Engraulis
encrasicholus)

LING Shengnan, LIU Teyuan, CHEN Xueye, WANG Hongli, WANG Xichang, and SHI Wenzheng

TELR R View online: https:/doi.org/10.13386/j.issn1002-0306.2021050273

T BRI A HAB S TR

Articles you may be interested in

AT 7 OO Y P TR £ 47 25 1 XU it e S ) ) 5
Effects of Sterilization Methods on Volatile Flavor Compounds and Texture of Xiangxi Sour Fish
B DAVAHL. 2018, 39(19): 237-242

B PP FUAT B 0] 42 e 00 JBE 4 R A XU ) T 452

Effect of Lactobacillus reuteri on Volatile Flavor Compounds of Fermented Surimi

B TR, 2021, 42(12): 240-245

HET R T RSB T 88 1 D 0 A 8 2 8 R P XU S ) 52 e

Effect of Cooking Methods on Volatile Flavor Compounds in Lentinus edodes Soups Analyzed by Electronic Nose and SPME-GC-MS
B TR, 2020, 41(20): 6-11,19

SPME-GC-MSZ5 ROAV 737 I il sf 18] X5 R 5 4% 422 e P XU 0 o ) 2

Analysis of the Effect of Curing Time on the Volatile Flavor Compounds of Dahe Black Pig Ham by SPME-GC—MS and ROAV

B TR, 2021, 42(18): 317-324

AN T OO RS A4 A 1 AU o 1) 5
Effects of Different Drying Methods on Various Flavor Compounds of Heat Reaction Chicken Powder

i TV RHE. 2020, 41(15): 53-58,64

ANV DT SO R PG 22 A8 A R I
Effect of Different Thawing Methods on Quality of Quick—frozen Broccoli
B TR 2020, 41(16): 266-270

KEMIRE AT, RAFEZ PR



543 % 4 5 i Tl B Vol. 43 No. 5
2022 4 3 H Science and Technology of Food Industry Mar. 2022

BT, XVRETT, BRI, 25, A [ AR 7 3O g £ 6 J3E R %8 e P XU S A 52 i) [0, B2l Tl B, 2022, 43(5): 322-330. doi:

10.13386/j.1ss11002-0306.2021050273

LING Shengnan, LIU Teyuan, CHEN Xueye, et al. Effect of Different Thawing Methods on the Freshness and Volatile Flavor
Compounds of Anchovy (Engraulis encrasicholus)[J]. Science and Technology of Food Industry, 2022, 43(5): 322-330. (in Chinese

with English abstract). doi: 10.13386/].issn11002-0306.2021050273

» IEREE -

ANRIFER 7 SO iR 858 Be 4425 1
RG]

R, X, BREM, T4, 582, I
(1.301F B £ B B A FRAE), #Adg ) 4100003
2. biiaE R AR, L 200000)

W EBEATHERARMAF X (BEBA, BERMMBA, LAKME, ABEME) F82& (Anchovy) 8%
FERERK R GH 0, P THSRLARRAES X ARE., HR7. AXREHAELHRELR (TVBN) ,
BT T REIRN . ©TFEoNFELRRAD R LT, RN HOLMAHNRAE (224 min) , HEM®
HRERBHRA, AEEHA TVBNAR K, BEHYMAMR S HELH A TVB-NMAR ), BREHEIRT,
ABRERAGEAAREECZMEERK, BERE., BHEME. BEHINBAE, HREA, AREMES
B HANEZE 36, 41, A5 F0 A3 MR MR, T EUARE B LN, £, TR, R, FBE, 28, R
BE. RCEE, 1-%-3-B5. 1-FH-3-88. RAe=F et iR A G52 & SARRRN A £ T dk, ZoMARE, &
BAGATA AR KRR R, RAHEARF I RR N A RR S OBSFNMAT R AARTAR G I, ZHA
2o R R — 2 0 LR R

KR8 & fRE T R, S, B E Rk R

hE 2. TS254.8 SCHEkFRIRES: A N EHS:1002-0306(2022)05-0322-09
DOI: 10.13386/j.issn1002-0306.2021050273

Effect of Different Thawing Methods on the Freshness and Volatile
Flavor Compounds of Anchovy (Engraulis encrasicholus)

LING Shengnan', LIU Teyuan"*, CHEN Xueye', WANG Hongli®, WANG Xichang?, SHI Wenzheng’

(1.Jinzai Food Group Co., Ltd., Changsha 410000, China;
2.College of Food Sciences & Technology, Shanghai Ocean University, Shanghai 200000, China)

Abstract: In order to investigate the effects of different thawing methods (microwave thawing, ultrasonic-assisted thawing,
saline thawing and low temperature thawing) on the freshness and volatile flavor compounds of anchovy, the thawing time,
water-holding capacity, total viable counts and volatile base nitrogen (TVB-N) of the samples with different thawing
methods were analyzed, and electronic nose analysis and detection of volatile flavor compounds was also performed. The
results showed that the microwave thawing time was the shortest (22.4 min). Samples thawed in microwave oven
maintained the largest water holding capacity, total viable counts and TVB-N value. The ultrasonic-assisted thawing group
had the lowest total viable counts and TVB-N value and highest sensory score. The electronic nose could distinguish the
odor of anchovy under different thawing methods. The odor of the refrigerator thawing was the biggest difference with the
other three groups and the freshness was poor. 36, 41, 45 and 43 volatile compounds were identified in anchovy under four
thawing methods, mainly aldehydes and alcohols. Among them, hexanal, heptanal, octanal, nonanal, decanal, phenylaceta-

Idehyde, 1-penten-3-ol, 1-octen-3-ol, benzene and trimethylamine played an important role in the overall flavor formation
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of anchovy after thawing. Combined with thawing efficiency, freshness index and volatile flavor compounds, ultrasonic

assisted thawing was determined to be a better thawing method for frozen anchovy. This study can provide a theoretical

basis for processing, transportation and comprehensive utilization of anchovy.

Key words: anchovy; thawing methods; freshness; volatile flavor compounds

ittt (Engraulis japonicus) J& T-HHE H, 2R}, i
J&, B ARAE R AL ER TR R TR, & —Fh o DL
RAEIE ™ i HoE S BN - e i s 1 i e o
5, figfn AR IR E AR B I AT 2, AR IR
E g AR R E Dy 70 Ty, AR & RS
(15%~20%) . ZAMANIE TR A P B0 . &
AP FELIR, EIMEBGS

P R TR R =1 G N = S i DA = P BN S
e, SRECOLIE R 5 KA AR RS, E ik, 7K
77 AR E R SR TR GS S5 SRR R SR L DR 4R,
JE SO AR IN AR LY 10 cm) . ZHEUNESS, i
GEFE . HBAETRES | B MR AR s Rk 2k
FEARPE R % BBk B8 BT . IXUR R ot 45
A ARE S ff R Y R R 1 fe 8N T 2 ¢
B, SRR S B 2 B SR R TR 2 —o IR
RSB REIATH e PR AN Z R R Z —, B
BB ST BT A EEERMIE . T4k, O A7 — L2 oE
T AR T A= T RUR IR, A SR )
FHHF BB AR Uk . KRR . ERAK i R4S
8 Pl v 7 2T RS L £ 35 kM XUBR 1 43 EA T R4
X3 BdaflSE fFoE & LA IRk E i R 5 B R S
VRTTEE PR 05 5 P AU BRI AL, RUMRRASF 14 B
U CALZE® HWH T REPE AN KL T 45 B o i 5
VA P ZE AR ARG F R o R 10 R a4 R P DRUIAR 4 Jot
FYSENA, 2% IR I SO &AL S AR LU, e T k2%
B AR PR RE S SO B T 2R B /N e SRR T
AR ZE ST IR TP SR T . 2508 . 2K
ARG A A AN R AR B 52 ), - S5UXUR) BT &
AR, RIS R RWBR, BEE SRR AN E
R, AFFEAN [RIAER 7 =X it XU A 52 i) DA T 3%
PEIE B AR T =0 R BT AT SO A E

FAEUR T R RV R BRI T AT A BEER Y, 1B
3 B AR R 7 O A BT A R G EREERIAE A o
H AT, 82OF5T 2L PR BRI B S| s
FURYU O R AR b s AR AR Y AT, SR, X
AN [ 2 £, BT e BRI SR A 45, T
RS T R T =0T i e fief 8 K2 72 7 A IXUBR (1) s i)
WFFEATI A o A SR H DU i V7R =X (ki i

Ui SRR DT 20 FROK AR RNV 56 25 AR ) 3 AT fid
fo AR R TR | TRVR . TVB-N S5 i A
1k, [RIR 2R A HE - 85 AR 2% T 2 - [ AH fk 46 B (HS -
SPME ) & & AH o3-S e FH B R (GC-MS) X4
KA R BT BEA TS, IRgE AR, B Sy fi
A0 S i i TIN T RAl  R As HR I S

1 RS

1.1 MRIENE

figfn 2020 4F 12 H 0345 b B pe i, 4
BiJa 12 h NERTR, 38 RIBPEEHEE T (-20+1) C iz
) IR A B AR, S R E T PR A
HBEAT 4y EE (& (489.21+£34.67) g; 1A FH: (753.75+
4.21)cm?®), WK T (—20+1) °C; EFRLUE . EIbah. &
fhBE  EZGHEH AR BRA A .

FOX-4000 H1, F 5 ¥ [E Alpha MOS 2\ w5
GC6890-MS5975 BEHAY 22 Agilent A F]; F3)
SPME i##£F44. DVB/CAR/PDMS #H24(50/30 pm)

22 [# Supelco 2\ Fl; RX6000C F# 4 o 4ic 1%
B e HALB AR BRZS 75 Kjeltec2300 B EGRE Al
X FFEZ FOSS 24 7] H2050R SR sl ol K
VORI A FRZS T M1-L202B #z T Mata ) 4250
J&F 5y HL g A RN F]; KQ-100VDE AR5 I 1% 5%
Bl BT B H] .

1.2 XWFHE

1.2.1 %Il KRR 20 °C wikeE P ELH B
BEJG WG BEAL B S AT A AR e 35 L, BERD
Phid st 1 A, EE AT LERE RS 4 °C, 8k
SRR R, W s Ea A v 1 3 B e R s 18] 1) AR AR
Olo SR 4 PR EAARERE IR 1 PR,
1.2.2 K 2% JIANG 25805 (53 01R
VEMERR . ST D FH AR T ff i o o 3 2% i fa I FR R
108 my, SZUEALEEEELCS 10 min (4 °C, 5000 r/min),
FREUESCJm BB my, 3% R IA I HK 1.

K (%) = % x 100

1.2.3 BEESEN TVB-N WllE  #:88 GB4789.2-
2016 Er i 22 4 [ AR EE L MU WA KO0 TR 7%

F1 bR 4 B

Table 1 Four thawing methods for anchovy
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P (43) 5 4 3 2 1
vk HAWSEROEE, TS, FEEFHIRHR, FEFIRHR, TotPE,

* ANy L8 AR £ PR AR A £ £0 M AR 55 K A0 AR A AR K PRI % K
REUBA i N e 3% i R SV R, AP N i N BUNE R AR NN
e WLEFHEE H 7 b @i B i HRITPAHEL EEUNTUIN
WL B LS B A, ILP RS LS4, g 22, LR AR, A 22, Toa,

£ Ry Ll | ERVARINE PR e 5 M BT Ok e i T e g T 2 e P 5 M B AN 2 TH R e 5 BB ATH R




WD |, 45 NIRRT O B e B B S R P USRI S i 5 ) - 325 -

5434 55 5
Se
O L I 1
0p1 0.1 1 10 0
S st ] (min)
b=l
E -0} PN,
. - SRR
. o R
“15p ~ HUKFRTR
oLt - VR TR
—ool= v

P g v Rl phh £
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Table 4 GC-MS analytical results of volatile flavor compounds for anchovy under different thawing methods (n=3)
P ( B (i FrE(pg/ke) OAVI{H
ng/kg) MT UT ST RT MT UT ST RT
PR 15.1 0.83+0.07° 0.80:£0.09° 4.21+0.99¢ 3.60+0.28° 0.06 0.05 0.28 0.24
(AL 4.5 30.33+3.89° 36.46+2.89 75.5742.90° 193.90+12.99¢ 6.74 810 1679  43.09
PR 3 21.21+1.47° 11.46+0.79* 28.87+5.71° 34.64+3.60° 707 38 962 1155
I 350 15.76£2.73° 4.38+0.94° 16.82+0.92° 22.12+1.01¢ 0.05 0.01 0.05 0.06
R 0.7 ND 7.43+0.87" 24.62+5.37° 34.2343.04° - 1061 3517  48.90
T 1 10.95:0.48" 10.560.09* 11.57+1.66° 31.29+2.93¢ 1095 1056 1157  31.29
e 2 6.04+0.74° 4.15+0.99° 7.03+0.43¢ 11.42+0.85¢ 3.02 2.08 3.52 571
i 5 ND 0.75+0.29° 2.66+0.61° 2.1120.66° - 0.15 0.53 0.42
RO 4 ND 8.96+0.89" 3.54+0.12° 17.70+0.65° - 2.24 0.89 4.43
(E,Z)-2,6-T- )it NA 2.63+0.17° ND 2.00+£0.46° ND - - - -
FREL 2T B NA ND ND ND 3.82+0.62 - - - -
(Z2)-4-BisieE 42 3.14+0.44 ND ND ND 0.75 - - -
S -2-2E T NA ND ND 3.62+0.27 ND - - - -
2 NA ND ND 1.03+0.09 ND - - - -
JeX2,6-T NA ND ND 2.35+0.07 ND - - - -
T NA ND ND 2.28+0.16 ND - - - -
DU NA ND ND 2.01£0.27 ND - - - -
/N 90.89 84.95 188.19 354.83 28.64 37.62 7842 145.69
2,3- )3T NA 72.81+2.97° 79.19+3.07° ND 114.63+8.56° - - - -
2,3-2F il NA 15.75+2.27° 9.72:+0.84° 21.7242.86° ND - - - -
A TR 60 ND ND 1.25+0.09 ND - - 0.02 -
2,5-3F NA ND 3.71£0.42 ND ND - - - -
/N 88.56 92.62 22.97 114.63 - - 0.02 -
170453 40 112.82+6.02° 198.41+19.87° 91.75+6.33" 216.61+13.22¢ 282 496 229 542
173 i 400 ND ND ND 4.730.19 - - - 0.01
-2 S -1 - Pt NA 31.51£9.94° 16.98+0.16" 24.78+5.23 50.54+5.24¢ - - - -
R -2-BE k- 1P NA ND 2.74+0.75° 11.23+0.08° 10.62+0.87° - - - -
R-2- -1 40 5.51+0.79° 5.23+0.31° 7.40+0.99° 14.64+0.84° 0.14 0.13 0.19 0.37
1IEC B 250 4.73+0.69 6.810.70° 4.45+0.86° 26.43+1.74¢ 002 003 002 0.1
12705 -3 - 1 84.1249.87° 43.60+6.66" 45.1043.11° 136.70+9.45¢ 84.12  43.60 4510 136.70
2-2HE W 27000 15.98+2.12° 0.84+0.06° ND 9.31+0.80° <0.01  <0.01 - <0.01
ISR NA ND 2.48+0.17° 2.01+0.47° ND - - - -
1-PEls-3-f NA ND ND 4.87+0.44° 7.10+0.29 - - - -
-2~ NA 9.74+0.78" 1.93+0.35° ND ND - - - -
2,7 NA 158.37+12.60° ND ND 239.73+3.70° - - - -
5,7+ b1, 12- NA ND ND ND 0.26+0.05 - - - -
2-(F %g%@)% 11 NA ND ND ND 0.32+0.06 - - - -
2- 7 bl NA 1.33+0.03" 1.00+0.03* 2.44+0.57¢ 8.75+9.14¢ - - - -
2,7-3F ZJf-1-1 NA ND 87.46+3.84° 177.44+16.14° ND - - - -
J-2- B A NA ND ND 1.80+0.11° 2.310.06° - - - -
MR -3 - Js T NA ND ND ND 3.56+0.17 - - - -
K -4- s 1 NA ND ND 6.07+0.52 ND - - - -
3,7,11- = H B 1 it NA ND 1.00+0.03 ND ND - - - -
4-Z - 1-2F -3l NA 4.48+0.33 ND ND ND - - - -
/Nt 428.58 368.49 379.34 731.60 87.10 4872  47.60 142.61
3-HH A NA ND ND ND 2.31+0.05 - - - -
FECHE NA 7.68+0.28" ND 10.79£0.85° 27.78+1.17° - - - -
+pugE NA 7.66+0.10° 7.72£0.99° 9.18+0.58° 12.24+1.02¢ - - - -
Tk NA 210.74+8.92°  312.132+£30.47°  432.89+10.12° 519.09+9.12¢ - - - -
RVAY NA 117.99+5.98¢ 7.56+0.18" 10.76+0.09° 15.83+0.64° - - - -
Tk NA 14.74+1.33" 19.08+2.84° 20.37+2.42° 25.36+0.33¢ - - - -
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Hk 4
- ( EEd it (pg/kg) OAVTH
perkg) MT uT ST RT MT UT ST RT
2,6,10,14- P4 FF JE+ ke NA 68.42+4.25° 79.25+2.11° 100.29+7.57¢ 173.02+3.45¢ - - - -
1+ Hiks NA ND 1.76+0.06 ND ND - - - -
9,10-HA-1L5-H+H M NA ND ND ND 2.65+0.60 - - - -
AN 427.23 427.51 584.28 778.28 - - - -
|- vam: P e NA ND ND ND 11.48+0.11 - - - -
FyAR R Y g NA 7.68+0.92° ND 2.60+0.50° 8.39+0.07° - - - -
Ty TE R T NA ND 2.38+0.38 ND ND - - - -
1-$%—4-(£?§%ﬁ%%)%6 NA 10.83+0.60° ND ND 7.11+0.38° - - - -
3-FHE ) A T NA ND ND 1.71+0.51 ND - - - -
AEA: DU P iR NA 0.48+0.07° 0.65+0.09" 3.42+0.02¢ 2.14+0.70° - - - -
(Z)-F75 0 P iR NA 1.27£0.19* ND ND 6.12+0.31° - - - -
14-H 31 TR H NA ND 4.01+0.69° 4.70+0.07¢ 3.61£0.24° - - - -
12-H B =R H NA 5.40+0.64° ND 3.03+0.25° ND - - - -
AR W R IE T S TR NA 0.610.06 0.34+0.08° 4.45+0.54° 6.46+0.20° - - - -
TR S5 R Y T NA ND 10.02+0.42° 8.97+0.11° ND - - - -
AR W 5 TR NA ND 10.20+0.23 ND ND - - - -
9-- ISR £ e NA ND 1.41£0.45 ND ND - - - -
= BRI LR NA ND 0.57+0.09 ND ND - - - -
10-F B —J e F NA 1.16£0.63 ND ND ND - - - -
| DU B s NA 11.18+0.82 ND ND ND - - - -
BEZE/INT 38.61 29.57 28.87 4531 - - - -
g 8.8 28.0242.36" 38.39+5.25 62.23+4.43° 174.17+8.27¢ 318 436 707 19.79
3-C IR NA ND 2.66+0.60 ND ND - - - -
LR S NA ND ND 3.57+0.19 ND - - - -
=R 0.37 4.18+0.25° 1.56+0.23" 0.83+0.03° 5.95+0.12¢ 1129 422 224  16.08
He/hit 32.20 4261 66.63 180.12 1447 858 931 3587

TF: MT., UT. ST. RTSMIMCIRABDE A =5 W R . SRk R | Y2783 7R ; NA (not available) 26/ BI{EIZ AT 2 2; ND (not detected) 7R Ak 5
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Fig.7 Effect of different thawing methods on percentage
content of volatile flavor compounds of anchovy
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