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Effect of Four Preservation Techniques on the Storage Quality of Rainbow Trout

Qin Yanbin Zhang Shaojie Shen Yuantao Liu Baolin

(School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai, 200093,
China)

Abstract Rainbow trout were used as a research subject to investigate the effects of different preservation techniques on the quality and
physicochemical properties of aquatic products during storage. Total volatile basic nitrogen (TVB-N), total viable count (TVC), pH,
and drip loss rate were used as technical indicators. A comparative study was conducted on the preservation effects of four preservation
methods on rainbow trout flesh, including refrigeration (4 C+1 °C), ice temperature (=1 C+1 °C), high-voliage electrostatic field
(HVEF, 3 kV/m) + ice temperature (=1 C+1 °C), and HEVF (3 kV/m) + compound biological preservative ( mass fraction; 1.40%
chitosan + 0. 05% lysozyme + 1.30% theaflavin) + ice temperature (=1 C 1 “C). The results showed that treatment with HVEF +
compound biological preservatives effectively inhibited microbial growth. Samples from the refrigeration and ice temperature groups had
already decayed by the 10th and 12th day, with TVC reaching 7. 12 Ig( CFU/g) and 7. 13 1g( CFU/g) , respectively. In contrast, the
TVC values of the HVEF + ice temperature and HVEF + compound biological preservative + ice temperature groups were only 6. 32 Ig
(CFU/g) and 5.89 lg(CFU/g) on the 12th day. On the 14th day of storage, the TVB-N of the HVEF + compound preservative + ice
temperature group was only 20. 17 mg/100 g, which was much lower than that of the other three groups. This investigation indicates that
compared to refrigeration and ice-temperature storage, treatment with HVEF + composite preservatives can effectively delay the spoilage
process of fish and extend the shelf life of rainbow trout by four days.

Keywords high voltage electrostatic field; biological preservatives; freezing and refrigeration; rainbow trout; quality
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Fig.4 Variations of pH during storage of rainbow trout

WA, DR 5 + e+ DR ZH R0 B pH (AR T

AR 3L et TR A AW R G R B R £ A

LGRS pH (RG2S

H,4 CHA pH [EIR A T HAR SR 4, XA

O WD ] A HFERS | f A A 1 o S ) SR 2 e A

G2y IR 2 A P oy, S 2 pH {ELIF AR LT, A
— 166 —

BT 4 CHR IS 7E—1 CHIUKIRIAEE | B 5
PERGUAE Y0 A K 22 8 — s 0k, (B2 T 2R 5%
YT R A

L 4 S8 TT 50, 2o v FE i L S A0 BRI £ 1) pH
E IR ARSI AR, & FAEE s 7 )5, R iy
KT FEERTE BN 52 ) T 7K 5 B4s G iR
AT PERR AR e G ELE T R iR bk |
B PR X PR Tt e e A 1 R R A At 4 4y
HEAT TR 76 5 E R A R D RFE T g2 T £
PRI, RS54 52 A R B 500 3 R L
ALFRE T3, AT L 3 U PR 1) D R A K £
PR i 9 SR SR R BTN
2.3 TVB-N &#f

TVB-N 7K e A2 7K ™ i A e 3 Fn m 2 P B
A, & 5 B A A OR 6 45 4 0 8 £ P TVB-N
EZIENL ., B S I, 25 48 TVB-N &1y
BRI )W T . TVB-N S8R /E 0~8 d N
Rt KARZS  7E 05 109, RIS 8 KLU, 19 2% 7
1o, TEI AR 10 KA, 25 4 2 ] H B0l B Pk 22 52 (P<
0.05), HHE GB 2733—2015 ( £ §h 26 4 B &K by
fief RBPIPEAK TS Y Y HLAE  IRK M A TVB-N 75
HATHEZ RN 20 mg/100 g, TENEES 10 K
if, Y SR AT VKR 4] TVB-N 28439k 27. 41 21. 81
mg/100 g, 8 H £ FHE BN S FEIV S 12 SR, e R+
VKIRZ TVB-N &4 M 24. 32 mg/100 g, # & G
FEL DA 76 75056 14 R, R 6 55 + 85 R + UK IR 41
TVB-N & 20. 17 mg/100 g, & LGN, %
i 551+ 725 1+ DI TR ZELAE o D AR O ST ARV A | VKR
HIEK T 40% B8 R +UKIRATEK T 16. 67%

. 4

s = B A
_ o ElkkiRal r
Dol v WEFEEKEL S
S /// B e
= .
“\;’ i v/
: / / 7,// . ﬁ""
§ 20 [ //: P v
= g = ¢ v v

10 v v v v v

0 2 4 6 8 10 12 14
WS TR]/d
5 BT IS R B TVB-N T

Fig.5 Variations of TVB-N during storage of rainbow trout

I35 VAL VKGR AL TR SR 10 KN
B IRRE , WU PGl A% PRI B 6 £ A BE
RGHER LU, AN, PR 650 + 85 T + Kl 41 TVB-
N S EIRAART HAR 3 4, X & TR R 4k 3



Tk F4 4
2025 4 8 A

ZEIENK,, 5 + U g el AR 0P 0T i 02 5 5 J5 )52 )

Vol. 46, No. 4
August, 2025

IS 1853 RNk 30 WPV & -Red VS il NP
21y R A A0 55 WL PR 4H 2 b B S Y R R A 2%
TVB-N (ALY 152 SRM EAT PR Pk B, nT 3 i
T Yt — A0 S % S R R A0 2 Fh g
J5 1 W O [ R el R 6 7]+ 785 R + DKl 28 £ PR TVB-N
TLTESS 14 KA & HYE ] KR AE K T £
P B4
2.4 TVC &o3#f

TVC VBN S 9 40 B 15 e A8 19 B DA A
e TEPEI B B B S X, R AR IR
Tk E TR S, S B bR — B N T
4.01g (CFU/g), 2R EF % H 4.0~6.0 Ig (CFU/g),
KT 6.01lg (CFU/g) WATHZE™ . 6 Fimh
AFREELAET TVC BARIE O, I 6 mIAT, BT fy
FESEIRIES TVC 2I/NT 4.0 1g (CFU/g) , B T—2%
R {H YA 41 5 VK IR AL T BR TVC 2958 3,50
lg (CFU/g) B KT 2o i o e i i 7 AL B 2 A
L JE B RIRILR TVC 2924 3.20 1g (CFU/g) . Bl
ST (1) PR B | 45 2R i TRV A B T R R i T
ORI TVC HE K R Fe e H & 1 iR 26 v T HHAt
34,

O
1

a

4
4] S
Fe+ 7k

=)
T

% S 40/[1g(CFU/g)]

N ~
4 > o
S
=
24
-
TNE
PR

N +«
Fo
B
s

A
'/ e v
| - ] A v
5 o /: * . v
af T
1/ A v M
3 ’ Y 1 1 1 1 |
0 2 4 6 g§ 10 12 14

ek B 1) /d
& 6 sTfE IRt R TVC i

Fig.6 Variations of TVC during storage of rainbow trout
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Fig.7 Variations of drip loss during storage of rainbow trout

P 7 3B AT 26 5] A B R B TR 2 %
B[R] A VKR AL BB 55 A0 2 4T R R, FEIVRES 6
T, Pt 5]+ 135 R+ UK IR AL TR 2 %k 2. 58% , s
T UKIRALAY 2. 63% Fl i +VKIRAL ) 2. 97% , Thi 78
T o 8 RN 12 KN, P ff 57) + 5y i+ KR 4 T
AL AR F] 3. 86% F 4. 97% , i IR 185 e+ K L 2H 1Y
TR KA N 3. 31% Fil 3. 62% , %2 W B A 14 fif 77
FGIRMARTIR AR E A E R E AR A
pH (A1 TVB-N B A] HI 5 G A= W) O 6 50 A hin i £
PR B WORE . AT P DL, — S b s A b B 2
WASIE A A PR S ) 35T , S0 8 £6 5 1 15,
I ek o £ PR) 2 1AL 174 % i 0] 458 5% £ 0 45 7y 3 R 9 2
R ; ZIRe RAE AR 2 B 2 5 B 2% B K

— 167 —



$ 46 & 4541

il v 2 4

2025 4 8 A

Vol. 46,No. 4
August, 2025

PR 2 AR 7 | = R A e R T
A28 1T L 4 B o i 5 508 P R R
RIS LB 5 T
5 AEPEREIR , T LR TS

3 &g

AR SC LA S A6 SR G G i a6 et i e
WA k4 pH {H  TVB-N {H A1 TVC {H#E1 75087, 5256
ST T (41)C VKR (- 1£1) C & R
FL 37 0 B+ IR 58 DA B (52 G DR BRI + 5 R 7))
Ab PR+ DRI IE 4 Fob DR e H R XoF £ IR i B 28 A0 1Y
Mg A BS5 e T .

D) TEVKIR ST, v H L 3 D ) 52 & 1R i 55
Ak 3 SIE A T 68 £ 7 40 0R o 0 Y o5 A 7 %, TVB-N
45 AR WA B 7 %) D) B 3 A v ek 4 0 K et 4 A
KT 40% , B R+VKIRAER T 16. 67%

2) 5B DREE TR RN w5 R L 3 1 P R4 AT A 2%
il N R AE A K R ER A R4, 5
PRV A K TR Y AR A e, BRI T AE R 1 A%
PIE

3) A O 5 ) Ak 3 2 fiff £ PR VT R R R AR R
X} pH {4 \TVB-N Fl TVC ¥4 B (i ksoR . 28
AR A TR bRES S | B L 7 5 52 A R R b ]
Qb By vk A A e TR A DR TR

SR, fe e L A7 1 i 7 3 R Ak BB ] LA K &2
G R W DR ) T ko0 SR LA S5 1 A [R] T g
I AR RIS AR IR EESCR . R 22T R
XoF fei i FEL 37 R 5 5 PR 8 1) AN [) 2 801 T A i) f
RORHATIHRASE .

Sk

(1] Aol w il v BUS FLR). 2022 4F 42 [ il 28 35 5t
TAIRIT]. EKF=, 2023(8): 7-8. (The People’s
Republic of China Ministry of Agriculture, Fisheries
Bureau. 2022 national fisheries economic statistics bulletin
[J]. China Fisheries, 2023(8): 7-8.)

[2] CAO Ruiqi, YAN Lixiu, XIAO Shujian, et al. Effects of
different low-temperature storage methods on the quality
and processing characteristics of fresh beef [ J]. Foods,
2023, 12(4) . 782.

[3] QI Mengyuan, ZHAO Ruoqing, LIU Qingyan, et al.
Antibacterial activity and mechanism of high voltage
electrostatic field ( HVEF) against Staphylococcus aureus
in medium plates and food systems [ J]. Food Control,
2021, 120. 107566.

[4] LIU Jiao, WANG Yue, ZHU Feixia, et al. The effects of

— 168 —

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

freezing under a high-voltage electrostatic field on ice
crystals formation, physicochemical indices, and bacterial
communities of shrimp ( Solenocera melantho) [ J]. Food
Control, 2022, 142. 109238.

BAI Yaxiang, HU Yucai, QU Min. Preliminary studies on
Spanish mackerel fresh-keeping method in high-voliage
electric field [ J].
Technology, 2015, 24(8) . 732-739.

JIA Guoliang, LIU Hongjiang, NIRASAWA S, et al.

Journal of Aquatic Food Product

Effects of high-voltage electrostatic field treatment on the
thawing rate and post-thawing quality of frozen rabbit meat
[J]. Innovative Food Science & Emerging Technologies,
2017, 41, 348-356.

DALVI-ISFAHAN M, HAMDAMI N, LE-BAIL A. Effect
of freezing under electrostatic field on the quality of lamb
meat [ J ]. Innovative Food Science & Emerging
Technologies, 2016, 37. 68-73.
MOUSAKHANI-GANJEH A, HAMDAMI N, SOLTANI-
ZADEH N. Effect of high voltage electrostatic field thawing
on the lipid oxidation of frozen tuna fish ( Thunnus
albacares) [ J].
Technologies, 2016, 36. 42-47.

REN Baojing, WU Wei, SOLADOYE O P,

Innovative Food Science & Emerging

et al.
Application of biopreservatives in meat preservation; a
review [ J ]. International Journal of Food Science &
Technology, 2021, 56(12) . 6124-6141.

CAO Rong, XUE Changhu, LIU Qi. Changes in microbial
flora of Pacific oysters ( Crassostrea gigas ) during
refrigerated storage and its shelf-life extension by chitosan
[J]. International Journal of Food Microbiology, 2009,
131(2/3) ; 272-276.

MOHAN C O, RAVISHANKAR C N, LALITHA K V, et
al. Effect of chitosan edible coating on the quality of double
filleted Indian oil sardine ( Sardinella longiceps) during
chilled storage [ J]. Food Hydrocolloids, 2012, 26 (1) .
167-174.

OJAGH S M, REZAEI M, RAZAVI S H, et al. Effect of
chitosan coatings enriched with cinnamon oil on the quality
of refrigerated rainbow trout[ J]. Food Chemistry, 2010,
120(1) : 193-198.

GOMEZ-ESTACA J, LOPEZ DE LACEY A, LOPEZ-
CABALLERO M E, et al. Biodegradable gelatin—-chitosan
films incorporated with essential oils as antimicrobial agents
for fish preservation [ J]. Food Microbiology, 2010, 27
(7): 889-896.

T, s, NI, S KPR JROME X E AR
BRIV [J]. MK R, 2011, 7(4): 49~
54. ( SHI Haifeng, GAO Jian, YING Jie,

et al.

Preservation effects of water-soluble chitosan on surimi



5546 & 5 4 ]

2025 4 8 A

ZEIENK,, 5 + U g el AR 0P 0T i 02 5 5 J5 )52 )

Vol. 46, No. 4
August, 2025

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

(24]

product[ J]. South China Fisheries Science, 2011, 7(4) :
49-54.)

W, AOFE ) WRVIER, AF. SR XTI R 42 By
PERIBEFELT]. B TolkBHE, 2011, 32(1): 127-
129. (XIE Zhulan, LI Fangfei, PAN Jiangqiu, et al.
Study on antiseptic effect of chitosan on salted squid[ J].
Science and Technology of Food Industry, 2011, 32(1):
127-129.)

e, B, REAE, 5 AW IRESIER 5 H
XPURPTARAZ P R (1], Aol TR A4, 2012, 28
(5):267-272. (XIE Jing, HOU Weifeng, ZHU Junwei,
et al. Application of combined preservative in anti-
melanosis of penaeus vanmamei [ J]. Transactions of the
Chinese Society of Agricultural Engineering, 2012, 28
(5):267-272.)

ZHANG Qiugin, RUI Xin, GUO Yi, et al. Combined
effect of polyphenol-chitosan coating and irradiation on the
microbial and sensory quality of carp fillets[ J]. Journal of
Food Science, 2017, 82(9) . 2121-2127.

WANG Qianyun, LEI Jun, MA Junjie, et al. Effect of
chitosan-carvacrol coating on the quality of Pacific white
shrimp during iced storage as affected by caprylic acid[ J].
International Journal of Biological Macromolecules, 2018,
106 123-129.

WU Tiantian, WU Chunhua, FANG Zhongxiang, et al.
Effect of chitosan microcapsules loaded with nisin on the
preservation of small yellow croaker [ J]. Food Control,
2017, 79. 317-324.

PENG Jie, ZHENG Feixiang, WEI Liu, et al. Jumbo
squid ( Dosidicus gigas ) quality enhancement using
complex hio-preservative during cold storage [ J]. Journal
of Food Measurement and Characterization, 2018, 12(1) .
78-86.

EL-OBEID T, YEHIA H M, SAKKAS H, et al. Shelf-life
of smoked eel fillets treated with chitosan or thyme oil[ J].
International Journal of Biological Macromolecules, 2018,
114, 578-583.

MA Mengjie, GU Mingfei, ZHANG Shuaizhong, et al.
Effect of tea polyphenols on chitosan packaging for food
preservation; physicochemical properties, bioactivity, and
nutrition [ J ]. International Journal of Biological
Macromolecules, 2024, 259(Pt 2) . 129267.

Xy, Bk, WKW, 5. RZWE R R =3
AR [T ]. hEZR T, 2019(4) : 66—
71. (LIU Jun, LYU Yangjun, PAN Junxian, et al. Effect
of tea polyphenols appended with chitosan on the shelf life
of salmon[ J]. China Tea Processing, 2019(4) ; 66-71. )
g, K, BAEm, 55 RRE-REZME S YR
FRR S FOW T A RE ) DR 5 B2 ()] B ARk

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

22020, 41(23): 212-220. ( GAN Hui, MI Qiang,
WEI Kaili,

et al. Effect of chitosan-tea polyphenols
composite on microbiota composition and quality of penaeus
vannamei during refrigerated storage [ J ]. Food Science,
2020, 41(23) . 212-220.)

WOk, BRI, XU, AR —Rh A B AR W IR G R FE A
W ) R AT [ T]. & REEE, 2008, 29(11)
653-655. (CAO Rong, XUE Changhu, LIU Qi, et al.
Application of a new compound biopreservative in storage of
oyster[ J]. Food Science, 2008, 29(11) : 653-655.)
GAI Yuanming, ZHOU Hui,

DU Guangqing, et al.

Assessment of spoilage microbiota of rainbow trout
( Oncorhynchus mykiss ) during storage by 16S rDNA
sequencing[ J]. Journal of Food Quality, 2022, 2022(1) .
5367984.

ST, Bk BB, F O RZWM-RRBEE AW
SXof T S PR A SR T A A R [T, AR
5%, 2023, 37(2): 20-25. ( WU Xinning, LI Mingze,
LIANG Shijie, et al. Effects of mixed solution of tea
polyphenols and chitosan on storage quality and microbial
community structure of rainbow trout ( Oncorhynchus
mykiss) fillets[ J ]. Meat Research, 2023, 37(2): 20—
25.)

B A bR e B T R R R A I E . GB
5009.228—2016[S]. dbal. H E AR EH AL, 2016.
('National food safety standard determination of volatile
base nitrogen in food: GB 5009.228—2016[ S].
Standards Press of China, 2016. )

LR EFE B E Y SRR T SO E
GB 4789.2—2016[ S]. dtnt. HEARMAEH A, 2016.

( National food standard food microbiological

Beijing

safety
inspection determination of total bacterial colony: GB
4789.2—2016[ S]. Beijing: Standards Press of China,
2016. )

SRAEAL, BRI, BT, A PR YRR B AR TR AT [T ]
RZEWF 5T, 2021, 35(5): 44-49. (ZHANG Dequan,
CHEN Li, HOU Chengli. Review on storage temperature
terms for fresh meat[ J]. Meat Research, 2021, 35(5):
44-49.)

XU B 1 A T AR 0 DI TR R B v )t J3 72 1 S HG
BB [D]. JE#h: VLR K%, 2012. (LIU Dasong.
Quality change and mechanism of grass fish meat in micro-
freezing and ice storage[ D ].
2012.)

EWF, AR50, RUFE, S w0 A R DR e
PLERFSEUERE(T]. BimBle:, 2017, 38(3) : 278-283.
(WANG Liping, LI Yuan, YU Haixia, et al. Progress in

Wuxi: Jiangnan University,

the knowledge of the preservation mechanism of raw fresh

foods by high voltage electric field [ J]. Food Science,
— 169 —



ERLECE RS — Vol. 46,No. 4

2025 4F 8 H 7 August, 2025

2017, 38(3) . 278-283.) non-uniform electric field on water evaporation [ J ].

[33] EfEEEEIRE & FHalPPEKr™= M. GB 2733— Transactions of China Electrotechnical Society, 2019, 34
2015[S]. dbmt. hERHER L, 2015, (National food (18): 3920-3927. )

safety standard fresh and frozen aquatic animal products:
GB 2733—2015[ S]. Beijing: Standards Press of China,
2015.)

FENG Xiao, NG V K, MIKS-KRAJNIK M,
of fish gelatin and tea polyphenol coating on the spoilage

[34] et al. Effects
and degradation of myofibril in fish fillet during cold storage
I 10(1):
89-102.

CHEN Yu, LIU Yong, DONG Qingfeng, et al. Application

of functionalized chitosan

Food and Bioprocess Technology, 2017,

[35]
a review [ J].

2023,

in  food:
International Journal of Biological Macromolecules,
235, 123716.

(I SARE S oI TE O S S SRR @ S M TR
XA [T]. B TEORSR, 2019, 34(18) .
3920-3927. (ZHANG Li, YANG Lanjun, YU Menghan,

et al. The influence of uniform electric field and extremely

[36]

( 55 155 B0)

[26] VAN NIMWEGEN S A, L'EPLATTENIER H F, REM A
I, et al. Nd: YAG surgical laser effects in canine prostate
tissue; temperature and damage distribution[ J].
Medicine and Biology, 2009, 54(1) . 29-44.
CHANG Z, FINKELSTEIN J J, MA H, et al. Development
of a high-performance multiprobe cryosurgical device[ ] ].
Biomedical Instrumentation & Technology, 1994, 28(5) .
383-390.

EAW, XAE , i, S B TR (B D)
RITRTEIm R R [T ], A Ak g e A0k, 2018, 27
(6): 530-533. ( WANG Fuming, LIU Jingyu, YANG

Chaoai, et al. Clinical application of domestic cryoablation

Physics in

(27]

[28]

— 170 —

[37] DAI Zenghui, HAN Linna, LI Zhe, et al. Combination of

chitosan, tea polyphenols, and nisin on the bacterial
inhibition and quality maintenance of plant-based meat

[J]. Foods, 2022, 11(10); 1524.

BIEIEEEN

ESTSTWECINL R RN EC € - a3 M NS ) e
B ,021-55275542, E-mail; qyb110714@ usst. edu. cn, W55 J7
fi] : AR IR P B, Bl iR VR L

About the corresponding author

Qin Yanbin, male, Ph. D. , associate professor, School of Health
Science and Engineering, University of Shanghai for Science and
Technology, 86-21-55275542, E-mail: qyb110714@ usst. edu.
cn. Research fields: cryogenic and refrigeration technology, food

freezing and cold storage.

device in the treatment of liver carcinomas[J]. Journal of

Interventional Radiology, 2018, 27(6) ;: 530-533. )

BIEIEEENT

XM, 5 Hd, DB TR A W) R GEIARLA 58 BT, 021 -
55277768, E-mail ; blliuk@ 163. com, WF5% 75 1] ;{5 52 9 BE 2
TR,

About the corresponding author

Liu Baolin, male, professor, Institute of Biothermal Technology,
University of Shanghai for Science and Technology, 86 — 21 —
55277768, E-mail;blliuk@ 163. com. Research fields: cryo-bio-

medical engineering.





