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x1 BRETOTE

Tab.1 Sensory evaluation criteria

R A score

evaluation 9~10(1k) 7-8(E) 5~6() 3~4(%) 0~2(%)
F0.3) color BRALM, FHE  ERWEGHEG, BE ot JOLE W, JOLRE B, W
ABR(0.2) smell  FHARSKRA BRI SEARAES, TR SEERAWE, Bk AR, ZRARKRE BRIk
WR(0.2) taste  ZAMEATEEIR W A R TE 5k UEERIUR Toid F A
JiML(0.3) texture £5SE, BEL, WIMESR &5, PIMERUF AT, Wk — A FABRERIE, PIERCZE  RaECERUIREE, §IMEZE,

£ 2
N _ N \ Ln 4
s Ao b BHBPRWILRAKF 5 ¢ IR A (d); OB SLy = A 5)
N - N N RSN N 15

ke R B ATE R ko AIEEATIN T3 Ea 9364k " RT

fiE (Vmol); RWKRHEL, 8314V(molK); TH 16 BIRSHF

AR (K). R
R KB TVBAN 4B 2 I AcBe %Ogﬁzggggiﬁﬁﬁwg’*msws

T HAN SRR T, U AR s S ‘ :

Petn TR ALA R AL, SR F 25 M 35°C o gEE

R 2 JE AR IOREHEAT R X

TVB-N (H ) SIS et AR R MBI . Ak 21 EE2HS5 TVB-N EHEL

FE R IR R WA S A (R — ), lETT R IR A R, BV S BORT TVB-N (R 7
SRR Rk, 4 Arrhenius BURTTELTE s (15 1), 2/ S 4100 B IR IR RS, RE L T
B A R 0T LIRS [ X (4) N (5)]M, BB 2.56 1g (CFU/g) 1 K 1 4.33 1g (CFU/g),
TR . SLy = 4 _fElj @) TVB-N {H M 9.153% Jin 2= 28.57 mg/100 g, H.7
koe J7 S, CO, Y 3 AL S MBS TVB-
32 ¢
=8 =
5 8 S
= © ~
o ° an
53 z
5] = fE
B, | #H
%52 B 8
E
1 - - - 0 - - -
0 2 4 6 0 2 4 6
b3k i 1) /d ek i 1) /d
storage time storage time
(a) (b)

E1 FEERLERFARETEEDBIEPEZEH () 5 TVB-N A (b) HIEL
AP. FS A, VP HFEELE, MAP. RiHE%, CP.CO, 8% BT ARTREXREREE: TH
Fig. 1 Changes of total bacterial count (a) and TVB-N (b) of dried E. japonicus during normal
temperature storage with different packaging treatments
AP. air packaging, VP. vacuum packing, MAP. modified atmosphere packaging, CP. CO, packaging; different letters indicate significant differences; the
same below
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N KEAH BTSSR, FErEod
G, BT H AL i B YR EBUR TVB-
N 18 5543 591y 3.5 1g(CFU/g) F1 15.12 mg/100 g,
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R 5.81 Fl 2.66 mg/kg, 7=A RN S i EHAk
Yo (5 2),

23 BRARNNHARE TEFNFIT

B 7 R R B G, AN TR A i H
At IR LHME T B, 208 o B A2 B b*
BIRWF e, o oo EXGIEE O 3, SRR
FE S PHEHE N T 0.53, i BL A5 AL %S RE A (1
MR/, AR 034, XPH R 6 d J5 H A6E 14
T a2 AE HTHEY : B2 (0.64)<<IM (0.66)<
CO,(0.85)<%57,(0.96) (3 2), FHIE AR
AR/, RERARIESE H A 0 T (5 1k

24 BERFANHARE FANFESHIZ M

25 °C I 1 JE 5, A3 551 T H A
o+ ) WLET 4 25 1) IF 4R ol A8, SEM 45 31 R,
HBRFRE R . H 25 <CO,<TM <R, a5k

6.5 r —o— AP
—&— VP
—0— MAP d

AR L2 R/ (mg/kg)
TBA

4.5

0 2 4 6
I N [ /d
storage time

(a)

FAF N RS B A, WLET 4R e RLEE
SUMERRATE W, BRI ROK . Bk
F T AR LT 4 SO . HES R 57, 454 B
AR (B,

25 BERFANHEARRETELMERXKES 0

K H GC-MS X A [7 621 ¢ b B ) 1 AR 5 £+
Bl IR AR v S KR S AT AR, D
P BR BsF TR R A7 A o Ak Ak R A 31 9 2 M ) B 48 2L
(linear Retention Index, LRI) K HE 1T € PE o3 Bt
Wb G . ARBFSEIETT N 4 Fifw 4 ab B H A i
iR 2 26 %Y, R IR ZE 3,
R ALY REEE (OVAE) 5, #tE—%
i e A% ] 7 A ARG PEY) BT (OVA (B >1), HAik
FAGCRE . 3-HAETRE . PEmE. FmE. BRE. 2%
BEA 17 4 -3-B (3R 3). WRITEGE R, HA
0 P R A I BT A AR A R A A RN S
B SRR & ORI, MR, =R
B2 AURE B 5 S W) ST R S ORI R
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Fig.2 Changes of TBA (a) and POV (b) values of dried E. japonicus during normal temperature

storage with different packaging treatments
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*2 TREELERAREFTERINEIETEENTL
Tab.2 Changes of color difference of dried E. japonicus during normal temperature storage with

different packaging treatments

s . W R d
R CEIEN ctorage days
color difference packaging treatments 0 5 4 6
L* =5, AP 40.00+0.12* 39.81£0.23"¢ 39.64+0.13% 39.26+0.1*
BT VP 39.84+0.20"° 39.76+0.13*% 39.58+0.23"*% 39.35+0.12*
S MAP 39.80+0.15" 39.58+0.11** 39.45+0.12* 39.31+0.12*
Co, Cp 39.86+0.11* 39.53+0.17* 39.2240.10* 39.13+0.20
a* =5 AP -0.07£0.01" 0.05+0.02** 0.08+0.01** 0.23+0.03"
HZ VP 0.02+0.01* 0.10£0.21** 0.21£0.01¢* 0.25+0.02"
S MAP -0.12+0.01a* 0.01£0.01*® 0.13+0.02" 0.17£0.01*"
COo, Cp —0.08+0.02"* 0.05+0.01*® 0.12+0.02° 0.15+0.03*
b* 5 AP 0.67+0.02** 0.86+0.02*° 1.01+0.02" 1.20+0.03°
H%$ VP 0.70+0.04** 0.82+0.02" 0.93+0.02°¢ 1.04+0.01°
i MAP 0.71£0.06** 0.83+0.03* 0.92+0.02°¢ 1.05+0.01°°
CO, Cp 0.73£0.02** 0.82+0.03* 0.93+0.01*¢ 1.09+0.02"°
AE TS AP — 0.29+0.01" 0.52+0.02" 0.96+0.03¢
BT VP — 0.16+0.03* 0.40+0.03" 0.64+0.05*
K MAP — 0.28+0.05" 0.48+0.02"" 0.66+0.01°
Co, Cp — 0.36+0.06™ 0.70+0.07°° 0.85+0.02"

H ARNGFRARE —FIBER R BG B EEZ R, ARKSFRMER R — 7R 0 B 317 57 (P<0.05); “— 3R LB AR IR,
G

Notes: different lowercase letters indicate significant differences between means in the same column, and different capital letters indicate significant
differences between means in the same row (P<0.05); “—”means the relevant value is not obtained, the same below

3 50 um

B ARBX4EHARE TEENEENTERMBERRK
LA, 2 HEad, 3. AFE%, 4.0, 0%

Plate Scanning electron microscopic images of dried E. japonicus during different normal temperature
storage days with different packaging treatments

1. air packaging, 2. vacuum packaging, 3. modified atmosphere packaging, 4. CO, packaging
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®3 TERERAEBAXRRE FERILBEEFELMENKARNETH
Tab.3 Changes of volatile flavor compounds of dried E. japonicus during normal temperature storage with

different packaging treatments

‘ . ?%E%iw;f/@g/g) %ﬁﬁ#@ﬁwa‘rﬂﬁ
&%ﬁfﬁ WA a4k (ng/g) : concentratlo:lf of Volanl? gompounds SéVs of vr(‘)ﬂlanlerzA:(‘)mpounds
e compound name odor §/ﬁ ﬁi ﬁ}H CQZ /I\/:\ E\i\ K LH CQZ
LRI threshold %% f%E (RS {5 ke Ak AF g
AP VP MAP CP AP VP MAP (P
B9 aldehydes
660  3-HIFET#*  butanal, 3-methyl- 1.1 3.19+0.10°  2.98+0.13" 3.97+0.15" 3.01+040° 290 271 361 274
804  CE* hexanal 50  7.46£045°  3.84x0.15° 591023 621x031° 149 077 118 124
901  4-PEffE  4-heptenal 42 L15£0.11°  2.35£0.16°  4.05+0.13' 3.26+040° 027 056 096  0.78
907  PEEE*  heptanal 28  830+027° 593+043°  N.D. N.D. 296 212 0.0  0.00
972 #H  benzaldehyde 417 9.91%0.39"  11.57+0.77° 13.4240.70° 12.23+0.87° 024 028 032 029
1005  “¢F@*  octanal 0.6 5.14+0.23"  4.38+0.06° 4.23+0.18" 4.85£0.09° 876 746 721 8.26
1110  T®* nonanal 1.1 6764025  3.1240.13°  5.05+0.33" 5342024 615 284 459 485
1211 %#*  decanal 02  0.83+0.06" ND. N.D. N.D. 339 000 000 0.0
1264  WHEEEE  cinnamaldehyde 750.0  1.8440.13°  0.97+0.04°  1.29+0.07° 1.32+0.03" <0.01 <0.01 <0.01 <0.01
/I subtotal 44.58+1.99" 35.14+1.87° 37.92+1.79" 36.2242.34" 2616 1673 17.88 18.17
BK@3F)  alcohols
689 1-JJ#&-3-BE  1-penten-3-ol 358.1 30.76+1.98" 27.75+1.36" 29.12+1.30° 31.29+2.20° 0.9 0.08 008  0.09
984  1-¥ME-3-FE*  l-octen-3-ol 15 4058025  4.02£026"  4.08+0.32° 4.14x023" 27 268 272 276
1070  “FE octanol 1258 7.35%0.16" ND. ND.! ND.! 006 ND. ND. ND.
/Nt subtotal 42.16£2.39" 31.77+1.62° 33.20+1.62" 3543+2.43" 284 276 2.8 285
Hi2K(5Pl) ketones
791 3-Cfd  3-hexanone 41.0  0.90£0.02°  0.97+0.01° 0.87+0.01° 0.67+0.02°  0.02  0.02 0.02 0.2
989  HIJEBHMAMA  6-methyl-5-hepten-2-one 68.0  2.44+0.11°  1.98+0.22° 2.32+0.13° 2.56+0.23" 004 0.03 0.03  0.04
992 3-%[ 3-octanone 214  345£021°  3.57£0.13*  3.43x0.21° 3.67x022° 0.16 0.7 016  0.17
1079  ZKZHi  acetophenone 65.0  2.07£0.05°  1.02+0.02°  1.99+£0.02° 1.56£0.02° 0.03 0.02 0.03  0.02
1089  2-Tfi 2-nonanone 41.0 948025  857+0.23"  9.01+0.36" 8.67+0.49' 023 021 022 021
/I subtotal 18.34+0.64° 16.11£0.61° 17.62+0.73" 17.13£0.98" 048 044 047 046
FEFERKGM)  aromatic
670  # benzeen 36300  7.30£0.34°  7.82+0.46"  835+0.52" 8.06x0.46" <0.01 <0.01 <0.01 <0.01
776 HZK  toluene 1550.0 11.45£1.06° 2.86+0.15°  7.97+0.57° 6.66£0.69° 0.01 <0.01 <0.01 <0.01
875 L% ethylbenzene 22053  1.05£0.12°  1.00+0.05°  1.80+0.03" 1.83£0.05° <0.01 <0.01 <0.01 <0.01
/Nt subtotal 19.80£1.52%  11.68+0.66" 18.12+1.12" 16.55£1.20° 0.01 <0.01 <0.01 <0.01
$&28(4%) hydrocarbons
1200 Tkt dodecane 10000.0  0.98+0.10°  2.60+£0.05'  1.79+0.02° 225+0.11° <0.01 <0.01 <0.01 <0.01
1400  +PU%E n-tetradecane 5000.0 0.850.12"  1.51+0.07° 0.67+0.02" 0.67£0.02" <0.01 <0.01 <0.01 <0.01
1500 +F%E n-pentadecane — 1.18£0.12°  0.78+0.05"  0.47+0.09° 0.37+0.02"° — — — —
1700  +-tké heptadecane — 431£0.03" 4712023  4.57+0.13* 4.15:0.08° — — — —
/I subtotal 7.3240.37°  9.60£0.40™  7.50£0.26"  7.44+0.23' <0.01 <0.01 <0.01 <0.01
HAh@Fr) others
572 =H% methylamine, N,N-dimethyl- 8.0  3.44+027°  1.56£0.03  2.08£0.26" 2.69+0.13° 043 0.2 026 034
609  ZMRZME ethyl acetate 50  2.57+0.23° ND: 0.80+0.06° 1.14+0.11° 051 ND. 0.16 023
/Nt subtotal 6.01£0.50°  1.56£0.03*  2.88+0.32°  3.83£0.24° 094 02 042 0.7
Bt total 138.19+7.41° 105.86+5.02" 117.24+5.84" 116.6£7.42" 3043 20.13 21.57 22.05

e ARRIZ AW E A TRE R (OAV>1); “N.DFRRVFRAR L FATFREF A RIRRZRZE, P<0.05; FIH
Notes: " A" indicates that the compound is identified as an odor active substance (OAV > 1); “N.D.”meas the compound is not detecteds; different letters
in the same row indicate significant differences, P<0.05; the same below
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x4 TRBRLEAARS FIEIEPRETFINEN

Tab. 4 Changes of sensory score of dried E. japonicus with different packaging treatments

wETT i LA Ek JFi O
packaging treatments color smell taste texture total score
TR AP 1.7+0.1° 1.9£0.1* 1.8+0.1* 1.9+0.2° 7.3£0.5"

HEAR VP 2.1£0.2° 2.140.2° 2.0+0.1°% 2.2+0.1° 8.4+0.6°

SiAfE MAP 2.0+0.1° 2.120.1° 2.0+0.1° 2.1+0.1% 8.1+£0.4°
Co,fu%s CP 2.0£0.1° 2.140.1* 2.1£0.2° 2.0£0.1° 8.2+0.5°

AP EATE R R BB
LR ¥ Ak, B, EaE . co, i
B3 AL I AR o A R AR
S 2 T EAG o ms R, EEON 8.4 7 (B,
R IR E R IE RO B

27 HMBRFALER KRS A LTI

K= A2 OB AF B Z R . — PR B
F12% 0571, 454 Arrhenius J7F2, 7] BT i
AN R S5 1 5 7K i Ak 2 S 1 7228 AL R
ZEA IR A B AL A AR X AS [ A 36 ) B AR BE

AU R AR g St (TR g ] BN e 15 NN
R T AR BAFAEFHER, WhAESA
$EXF H A A0 T I RR E P O L B
B, DR E3Nmiid, =X,
R 3 v H A6 f6 7E 25 5 35 °C T IV 72
HIE 7 S BRI TVB-N 128 s 5, AT LA R H
A i £ T BT AR

P S ge g5 R AT R E AR L MRS, A
[ Yk B2 2% 1 T A5 2 1 9 S B0RT TVB-N B X B (19

12

Ki/[lg (CFU/g)]

total bacterial count

B

0 4 8 12 16
D5 [7)/d
storage time

(@)

AR MY E RECR (R 5)e BRI 128X
N P PRE REL R P SEAR R T—2%, AT DL HAU
HET—%, e RHERS)J2EwR, LT
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Fig.3 Changes of total bacterial count (a) and TVB-N (b) of dried E. japonicus stored at different temperatures
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Tab.5 Chemical Kinetics parameters of dried E. japonicus quality change stored at different temperatures

(L Bzt TREE/C zero-order first-order
packaging index temperature i REEHE r R RIS
TS AP B 5 B4 25 0.501 3 0.984 7 0.986 4 0.109 4 0.980 6 0.949 8
35 0.543 9 0.988 0 0.103 0 0.9189
TVB-N 25 2.1887 0.991 7 0.986 1 0.080 3 0.992 2 0.944 7
35 4.604 5 0.980 4 0.1109 0.897 2
%S VP [ER35844 25 04775 0.9719 0.982 6 0.109 2 0.983 7 0.980 1
35 0.528 3 0.993 2 0.108 9 0.976 5
TVB-N 25 1.771 1 0.979 9 0.977 1 0.070 0 0.9917 0.946 7
35 45921 0.9742 0.116 7 0.901 6

*o6 ETTERRNIHAFHRMTMNRESE

Tab. 6 Parameters of shelf life prediction model based on zero-order reactions

BRI/

s fetx Arrhenius i1 £k 75 £ FRETIH Tk 1AL g Ea/(J/mol) shelf-life
packaging index Arrhenius curve preexponential factor  activation energy 25 0C 350
A AP %S TVB-N Y=—749.34X+1.82 6.19 6.2x10° 5.72 5.27
Y=-6 833.00X+23.70 2.0x10" 5.7x10* 6.75 3.19
HEGE VP WS TVBN ¥=—928.86X+2.38 10.76 7.7x10° 6.07 5.49
Y=—8 753.30X+29.93 1.0x10" 7.3x10°* 8.31 3.23
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Effect of different packaging methods on the quality characteristics of
dried Engraulis japonicus

GU Saiqi "**,  ZOU Lin "**,  ZHOU Zhenyi "**, LI Junhong ¥, BAO Rongbin ",
WU Lijun ’, CHEN Yufeng ’, ZHOU Xuxia "*’, DING Yuting "***

(1. College of Food Science and Technolgy, Zhejiang University of Technology, Hangzhou 310014, China,
2. Ninghai ZJUT Academy of Science & Technology, Ninghai 315600, China;
3. National R & D Branch Center for Pelagic Aquatic Products Processing, Hangzhou 310014, China)

Abstract: Engraulis japonicus is a small-sized economic fish with high nutritional value, which is widely distrib-
uted in Western Pacific and Western Indian Ocean. Fresh E. japonicus is highly perishable products due to their
high activity of endogenous enzymes. Therefore, dried E. japonicus is processed directly after fishing and then
sold after transportation and circulation. The storage stability of dried E. japonicus can be improved by selecting
appropriate packaging methods, such as air packaging, vacuum packaging, CO, packaging, and modified atmo-
sphere packaging. After packaging, dried E. japonicus and other aquatic products can avoid secondary pollution,
and slow down the degradation rate of product quality. In order to investigate the effects of different packaging on
the quality characteristics of dried E. japonicus during storage at normal temperature, air packaging was compared
with vacuum packaging, modified atmosphere packaging and CO, packaging, the total bacterial count, TVB-N,
POV, TBA, color difference, volatile flavor components and sensory score were determined and analyzed. The res-
ults showed that VP, MAP, and CP can effectively inhibit microbial growth. After 8 days storage at 25 °C, TVB-N,
POV and TBA values of VP group were 47.08%, 4.13% and 25.49% lower than those of AP group. The VP group
had better effects in slowing down the color change of samples, protecting the structural integrity of muscle fiber,
retaining volatile flavor components, and maintaining sensory properties, which confirmed that vacuum packaging
is the best choice. The shelf life prediction model of dried E. japonicus was established based on the Arrhenius
equation, and the shelf-life of vacuum-packed dried E. japonicus was 6.07 d and 3.23 d at 25 and 35 °C. The study
can provide a theoretical basis for the quality control of dried E. japonicus in the process of normal temperature
transportation.

Key words: Engraulis japonicus; packaging method; quality characteristics; volatile flavor; shelf life
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