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Abstract The effects of a high-voltage electrostatic field-refrigeration (HVEsF)
system on the freshness of olive flounder fillets were investigated by evaluating the
changes in the physicochemical properties of the fillets for 7 days. After the olive
flounders had been euthanized, the fillets were obtained immediately and stored
under four different conditions: -1 as a control (Con); -1C HVESsF system set to
3,500 V (H35); -1T HVEsF system set to 7,000 V (H70); and 4C (R). During the
whole storage period, slight decreases and increases in pH were repeatedly
performed in all the groups, and bacterial growth was inhibited at -1C. The
formation of volatile base nitrogen, trimethylamine, and hypoxanthine was
significantly lower in H70 than in Con for 7 days (p<0.05). The cutting strength
of H70 was maintained until day 3, while that of the other groups decreased
drastically as the storage period increased. Overall, a -1C HVEsF system set to
7,000 V maintained the freshness of the fillets in the initial stages of storage.

Keywords olive flounder, fish fillet, high-voltage electrostatic field, freshness, physico-

chemical property

1. ME

Ly}t FAAF QR (Paralichthys olivaceus) 3AFRFS 20219 % 7]1& 2F 20,358 M/T
o|m, A|5£(10,889 M/T, 53.5%)2F (8,483 M/T, 41.7%)°] F8 FAA GO R A YAt
o] oF 95.2%F AtAokal QUTHKOSIS, 2022). YA&= &7 vt 22713} gto] Hojut
g s AHEe d7AQ offE BA3eL Zo] M4 7H3E FHE 4T BF €=
—E—ﬂ«] FU7t 1AS| {FAIE A PR EHZ Haskd £ Qlof 1A AETe]
QAIBHE 4BRRe] @ 7o & BitEh(ang &, 2011; Ko %5, 2016; Oh & 2007;
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Shim &, 2003).

AyA3]9) vt FHL ofF, FF AH, A 2= 9 7]
5 BESH] E4E BIRSto] tdRt &R a9l =
ow, UYHA O = ojf= AFE YA B4 Ag3 mE
Al SO Qlsf SIto g whEo] AT A fA HA
bE 714 AoRle A4S 97| A4 3& Theo
AHotal UTHOI &, 2007; Shin &, 2013). F& &4
QIA| A o] Wrddto] wet Al A d FHE 7R
sto] 7199 8 6= B9l &kl Sirk SkAIRE of
< 540 wet Algto] i, ¥ 75 Al &= Wl EA5t
Rt 34 59 e o R Aol EYAE 5 A
Aozt w2 A dojubr| wiitol F4RA] 7|gke] =2 Zo]
SHAlo]tH(Pyeun 5, 1996; Xu &5, 2018).

Y5 - $A71eS Lot} e AR 22 A4
AlE HES QoA BI7HE HE7]&0] 875, BI7tE
HE7E2E AR, -G A7), o235t RAL A
< Zetznt F gA, 209 9 2339 50| QltkPark 5,
2010). o] 7}2d 284G A71%Hhigh voltage electronic
filed, HVEF) 7|2 Eu] nJgE A oJ(Mok and Lee,
2000; Park &, 2013) ¥ §8/% 52(Shin and Shin,
2007) & ©hge HH08 &8sy 9Jet A7 XPH
v} Qloh, 1A AZIAHVER) 7l&2 1AG JH7A
(high voltage electrostatic field, HVEsF)¥} A9 v
Z(High voltage electrical discharge, HVED) 7|&&
F&=H(Dalvi-Isfahan &, 2016), HVEsFi= HVED]
= gA A7 (pulsed electric field, PEF)} &
FEA R &EolA g=th. 8 3718 A71=50st
= WAAZ|H, oA 95l ti4t AFol EAst=
A3t d 5 A, vBEY S AlEute] Fat
AlZAY FHEdo] A4 E= 71&40E 4
Ao 4¥A StH(Huang 5, 2020).
to], 2 AolA = HVESFE SI3-8 F4ARES]
T §A 40w &85 Haat AR
ARl A= AL, HVEsFZF
S(HVESF system)o] A74stHA] o]ale}
& A H W3] v]X|= FFE A

AFEZAS 5 A A71E gt
-1T HVESF system®o} A%gt & I1&3, -1C € 4C &
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2. Mz A Yy

21 X2 2 X2

2 A AT A= AFAGoA FAE AeE
AlF=goi@(Seogwipo, Jeju, Korea)& 31 &of AH=
ST W A 49.7+2.2 cm, ¥ FA 1.45+%
0.15 kgoll sigst= 7IAIE A8k, A 44 Aw
7Fe SOl A £ HI7H BRAEY, WY, R AA)E
AAsIROH, ALgu] L& A5t 5 - # L5 4
4 23} sto] A% Ao ARE-SHIT

gk Alg 7422 Higo] S5AE 7 AHE SA
nylon/polyethylene/linear low density polyethylene
80 pm) AR 248" EAA(Yusang Co., Seoul,
Korea)g AH&sto] 25 A5k L(Fig. 1(4)), T A
= b2 9 o) ARl 4Tl A% A R,
-1Co] ARt AZ dE2F<Q ContE I, -1T,
3,500 V& AA3t high voltage electrostatic filed-
refrigeration system(HVEsF system, KB-075F-12P,
MARS Co., Tokyo, Japan, Fig. 1(B))°l A3 A&
H357, -1C, 7,000 V& %3 HVESF system®] #1733t
AL H70+E skolt}. ZF 27 A3t A& A% 04,

19, 3%, 5934 79 Ao ele] I A4S NPk

22 YR B4 2 pH 5E

|z =9 ARHYE-LS AOAC B (2005)0) wet =&
e ARP7TE A ZH(method 950.46), 3& e A
35} (method 923.03), WA AF2 253}t FA]
£ 0|83t semi-Kjeldahl M(method 976.05), ZX& 3t
F2 petroleum ethers ARESH i3 X] &% (method
991.36)0.& Z}Z EAJ5}t9itt.

pH $4Z 9sl, 224 A g 94 =3 3 g
deionized water(DW) 27 mLE 7}5tal, 10,000 rpm
oA 187 #+Z(IKA T-18, IKA Works Inc., Staufen,
Germany)?t oh& YAE2](7,500 x g, 4C, 2 min)st]
A B pH meter(CH/Seven Fasy S20K, Mettler
Toledo, Switzerland)2 &43}9th.
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Freshness changes in the olive flounder fillet stored at HVEF

(A) Olive flounder fillet

ic nets on three sides
s DN~ T ==

Fig. 1. The images of the fillet from olive flounder in this study
and a high voltage electrostatic field-refrigeration (HVEsF)
system.

2.3 2/EHs ZUIEL X trimethylamine 247

|2 9] A F7)@A(volatile base nitrogen,
VBN)&} trimethylamine(TMA) &2 A&54d dHkA|g
H(MFDS, 2021b; MFDS, 2021a)°] wat EA4shict.
VBN % TMA 4 5735 93 A8 AA Y= 59T U
o & APty L=2A AEe gA = 5 gofl DW 40
mLE 7}t 12} #+4(10,000 rpm, 30 s)3t¥2™, 20%
trichloroacetic acid 5 mLE 73t § L3 2702
gt o #Asiih #dEs dAED(10,000 xg 4T,
15 min) ¥ Advantec No.5C #}#|(Advantec Toyo
Kaisha, Ltd., Tokyo, Japan)& AR&3lo] o159, o]
AL Ado= 3t VBN &2 Conway unite ARES
£ v]FeAPE(MEDS, 2021b), TMA g2 SAZ=T,

=
toluene, Eo}eitdE Egdioz R4 & EF49

)

886

o

sl
3

A8RMEE picric acid2 WHAIA 420 nmof|A]

H) A H(MFDS, 20212)0.2 7k7F BAsH9{t)

1N

%

24 Mz & 24

SAE g2 28 Y Al 23T AFESs] 4Co) B
et o] A% F Ml 7 H3= 16S rRNA gene
sequence &A1& 7|HFOE Shi= AANHAZIAGEAH
(next generation sequencing) 2.2 EAsIc}. ZF A&
U DNAE UltraClean Microbial DNA Isolation kit(Mo
Bio Laboratories, CA, USA)E AR&sto] Eels3lal, |7]
AGBEA AJAdof| YElstithMacrogen, Seoul, Korea).
Universal F(5'-TCGTCGGCAGCGTCAGATGTGTATAA
GAGACAGCCTACGGGNGGCWGCAG-3")/R(5’-GTC
TCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTA
CHVGGGTATCTAATCC-3') primerE °|&3t%] V3/4 ¢
215 EHASt] Herculase II fusion DNA polymerase
(Agilent Technologies, Santa Clara, CA, USA)2} 3
two-step polymerase chain reaction (PCR)S X 3§5}o]
LibraryS AZsIAY, AZE A&+ Illumina MiSeq®
system(Illumine, San Diego, CA, USA)& ARE5}o]
DNA sequencingS Aottt AelA(index) AES
o] g&sto] A|mHE HE23}11 paired- end FASTQ ¥
AAEIY o, Cutadapt(V 3.2) ZEIHS ARRSHo
sequencing adapter A|¥3} target FAA 999 F/R
primer A¥9& AAsIItHMartin, 2011). Paired end
ReadE HlAlC =2 Forward A¥3} Reverse AES ZtZ+
250 bp2} 200 bpE A=11 expected error”} 2 ©]A}el
ALL A2t o]% batch® error modelS $3 35}
of Al wo|2E AASHH. Paired end AEE st
9] qE= Y3t 5§ DADA29 Consensus methodE A}
85t9] Chimera A|¥Z AASHL ASVsE FAsH3ATh 2t
ASVs A 8L Reference DB(NCBI 16S Microbial DB)|
BLAST+(v2.9.0)5 <%dsto] fAMol 7H & ol gt
taxonomy JEE TFstArHCamacho 5, 2008).

2.5 M+ 24
gA g3 Y Aletes 2B FE(un 5, 2017)°
met BEA5knt AR 10 gol EvrE 0.1% peptone

https://doi.org/10.11002/kjfp.2022.29.6.884
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buffered water(pH 7.2) 90 mLE 7I5tal UV ZAfslo
ArdtEl EfolA 1AH 02 124 A}, o]F oJTHA|
7} Q= o] 271 H stomacher(250 rpm, 3 min)
o HAsletAtt fJet TYS JA¢E ARESt] Ad
ot Az H-dsHA 3l4ek o plate count
agaro] =TI, 35COA 24417t Wi & YERd J
2(20-200 colonies)& Al4sto] log CFU/go 2 UEHY
At

2.6. Hypoxanthine 24/

dA] @3 Y hypoxanthine(Hx) ¥ HPLC-DAD
(Agilent 1200; Agilent technologes, Santa Clara, CA,
USA)E ARgato] B4 tHJun 5, 2019). A& W Hx
o] ¥3kE Faststr] s, ek A&sta EA Al
£ AAsa, SHI2 5 g2 F3 H 0.6 M perchloric
acid 20 mLe} EgsI3tt. EFES #4(10,000 rpm,
1 min)3t ¥ 5M KOHE AHg-sto] pH 4 F27H4] 243}
AL, DAEE (8,000 xg 4T, 20 min) T NS AU
ot o]AE &2H(1% triethylamine-phosphoric acid,
pH 6.5)°ll F&stA 345191, 0.20 pm MCE syringe
filter unit® 2 o3} & BA8 A|Hoz A3} Hx
225 9l, pBondapack C18 coulmn(10 gm, 3.9x
300 mm; Waters Co., Milford, MA, USA)S AM-3FH
I, A& 5 pl Y T FA 7]ETt BB ARESHo] 75
1 mL/min(isocratic elution), UV 245 nm X700z HA
stark 24 574 2 F=E St #F2EEE hypoxanthine
(H9377, Sigma-Aldrich Inc., St. Louis, MO, USA)&
ARESERL, A=} FUe 204 EA%H F BEEAS
HES AZF HIIE &3 AlE W HxE s3sH3oH, 2
BEEE 384 = EFH(50, 100, 500 pg/l)& AHE
Sto] 3-points YFEFE EAMOE AP
2.7. HEZIE £

g2 B9 AAA L= texture analyzer(TAXT plus;
Stable Micro System, Godalming, UK)Z %3}t
REANZEVIRE 4 cmxAME2 4 ecmXxFA 1 cm 272
Al&rsto] 54 A -1ToA oF 3A7FF BAAFL, 2E
A= 45 2 WS 5UL HFeE 1 SA5h

https://www.ekosfop.or.kr

7 1 mm knife blade set probe(model : HDP-BS)&
AF85t] compression mode, load cell 5 kg sH50lA]
&% 2.00 mm/sec, XY¥Z0] 20.00 mm=Z d7gsto] &
A3] AHES o113, JEE Nog Yehfsich

2.8 EHxeE

= A% 2= BARAE T2 IBM SPSS
Statistics 20(IBM, NewYork, NJ, USA)& AR&3to] Bt
I} BFHEAE YESIT = A 2F Bt
FEZ T A2 3519 p0.05 FEolA F2AAt St
R, Al At o)id9] F-o)at B2 one-way ANOVA HHH
of W&t p<0.05 04 Tukey multiple comparison test
2 st
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U A egol T kol vl &2t Hls, S - o

32 A& ZH0| E pH, 2/2& Z7/EL & trimethylamine
9 Hzf

W4 2% 3 HVESF systemo] 94| L] A% F 4l
Aof mAle S LotEr] 98, -1T 2T+ Con)E
Z3k510] 4C(R) € -1T HVESF systemof|A A4S 2els}
o] ARt H3573.500 V)&F H7077,000 V)& &5t
g2l gee AsAaL, A 5 94 ZE9 pH, $EA
Q7184 (volatile base nitrogen, VBN) @ trimethylamine
(TMA) 5 518 ZAI9lc 24 4 9 UA 9
of pHE oF 6.68% WrertiL, A4 79 E<F vlulg e
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Freshness changes in the olive flounder fillet stored at HVEF

Table 1. Proximate composition of the fillets from olive flounder (Paralichthys olivaceus) (unit: g/100 g)

Part Moisture Crude protein Crude lipid Ash

Dorsal and ventral muscles 76.2+0.4 20.3+0.5 1.910.4 1.2£0.0
(85.3+2.0)" (8.01.7) (5.0+0.2)

Fin muscle 56.4+1.87 13.8+1.3" 28.9+1.2" 0.9+0.1
(31.7£2.9/% (66.2+2.7)" (2.0£0.2)"

Data expressed as the meantSD (n=3).
"Dry basis.

YIndicates significant difference (wet basis; p¢0.05 vs. dorsal and ventral muscles).
¥Indicates significant difference (dry basis; p¢0.05 vs. dorsal and ventral muscles).

o} S77F HEEEUtHFig. 2(A). A% 1¢€ & 2 159
A pH(6.38-6.58)7F Z443}31 1, o]w] & HVESF system
ATHH35 2 H70)9] pH7F Cont 9 ROl HIs] 72
Ao & FUATHp0.05), oIF #4717t et A% 22419
T2 pHO Aol= A9 YU

VBN WAE40] 28 2 AldsA 522 s ofF
o5 U EA5ke ARt T E HieE o] Aasiel
&, FeomicAl 9 ofF ST
o, 4 o729 27] VBN S710ll= ATP #H=49] £5
oA A== ammonia®} amine¥F, trimethylamine
oxide(TMAO)ZHE AAH methylamine =4 53
Aol =11, TR STt &5 Tid Y] EoiE A
/39 ammonia ¥ amine® 5% AW/l =ohal LA
U (Huss, 1995). PF o}FZ AlQdst &5 AHE=7}
Hojd5 VBN #2 =7 U AXd=wgo] A xR
AREEH, o]0 wEl Xpo]F Ho|A|gt, Ao oF 15
mg/100 g ©[stH Al o1&, 25 mg/100 g FEHEH #
W7t AREe Ader @Sty JokMin 5, 2019
Shin &, 2003: Song &, 2005). & AFoA Z4 2%
A& gA F9] VBN g2 °F 12.52 mg/100 g &
Bt (Fig. 2(B), H70+&8 ALe YA Al = AA7]
Zto] Aupdrs BE AAT] Frkste] A 79 & oF
14.56-16.37 mg/100g =0l =23tAr}. SLEZNA
AFe] A71E t=A AT H35+9] VBN g2 A3
7t &<t EoHA S7FeE ¥, H70+= A% 59 A7HA|
718+ SR8 =1, o]+ HVESF system©| -1C A%+
g4 g3l W VBN 42 AAlsk=d avE vehH,
e ol AU 8= qh= A

Trimethylamine(TMA)2 0]of] 242 F3rS v

me oy P

888

A= ofF Y gFElo] = TMAOZHE AKE Alteromonas
& Photobacterium <, Vibrio & 9 Shewanella & 5
I 22 Ak AHAY Al B YA WEEAS A8 5
of oJsf A=, oA7F AR m|o7|H WA @714 24
o ¥3= 4 H% WI¥s] dojdth(Huss, 1995). A% 0
4 A+ g2 B9 TMA g2 oF 1.11 mg/100 gO= LE
HohFig. 2(0). ©f #=2 R+, Con72F H3570lA #1%
3 A7HA FA5HA S7Fsto] °F 6.82-8.19 mg/100 goil
TSR, 7Y AHA FA5I . H707+2] TMA 4 &
e A 717t0] AESE STkt A YERRAT,
A% 5D A7 B2 Al ot BlIL Al FOJA 02 Wlth
(p€0.05).

VBN TMA g2 o] w2t g2k = 9lal, &< °f
o2t A4(F4) &4, A= dHli(stress 5), Eof A
g, Adzd 5o met g 4 Qlo] AR 7 A
2l ¥l o]Fth Song 5(2005)2 R4 al5o] E

iz A<t

W TMA %] 3-4 mg/100 g &5 W 27|50
St Park 5(2016) ogAtA|A FU HA s}
4Tl AT 15019 A A% 6Y A} = F-9] TMA Fho]
9F 3 mg/100 g& I3} sFTh 4182 4-6 mg/100
g &Y o 27|52 WPITHMEDS, 2021b). o] g
I v Al H70+E AlQJeE YA Al 9] 27 717t &

o TVA @ $7H the ¥ £EUS ¢ 4 gt

3.3 A& XA ME Mm+9 Hef L 4T XHE Al M=
& Hsf

LzHlo|gA o]] 4R W) A5k 8 HAA Al
O 2 Vibrio parahaemolyticus, Staphylococcus aureus,

Salmonella enterica, Shigella<;, Listeria monocytogenes,

https://doi.org/10.11002/kjfp.2022.29.6.884
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A)

7.0

6.8 |

6.6 |

pH value

64|
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6.0

sgLb—
0 1 2 3 4 5 6 7
Storage period (day)

—_
~

©

—
[\
T

—
(=]
T

TMA value (mg/100 g)

0 1 2 3 4 5 6 7
Storage period (day)

22
20t B

18 1

16 1

14 ¢

12 ¢

VBN value (mg/100 g)

10 r

0 1 2 3 4 5 6 7
Storage period (day)

Fig. 2. Changes in pH (A), volatile base nitrogen (VBN, B) and trimethylamine (TMA, C) values of the olive flounder fillets during
storage at different refrigeration conditions. Symbols indicate: O, R group stored at 4C; @, con group stored at =17C; A, H35 group
stored at =1 HVPEF system set with 3,500 V; B, H70 group stored at —1C HVPEF system set with 7,000 V. Data expressed

as the meantSD (n=3).
difference between different groups (p€0.05).

Clostridium botulinum 5°] BE11E1l Jow AZZA
& HF RHATE H ol 7, 7HEAE glo] A&
AFsh=

Salmonella 42 24,
Staphylococcus aureus= 10* CFU/g ©o|3}& qHE3fof
%E}(Yoon %, 2016) 01749. OE_T_T,]—UH_‘:'—_: Ez4 oz _?41\14
Aeeto] 7] - T Y2 H¢ MFS 10° CFU/g, o
4= 10 CFU/g olst®= Zt7 #4=o] UthKim &,
2005).

FANEC] FS Listeria monocytogenest
Vibrio parahaemolyticus?:

https://www.ekosfop.or.kr

"No significance between different groups (p¢0.05).

2The different small letters indicate significantly

B A 240 T Alet42] ¥3k= Fig. %%ﬂq
A A% g2 g9 A= 9 3.5 log CFU/golglx

& 79 B 4Co] AXTE RS Ejdole] HE %LOM
5.0 log CFU/gHth 2A Yehd, A 71&3t S8 4t
= 7I%0] Fdeteit Hﬂﬂﬂﬂtﬁﬁ—MMlﬁﬂ&
Con, H357 9 H70+= A% 79 &< 7] A=
I 2 A5k Aﬂb%ﬂol AA= A §HH, 4Tof ZW
g R Al A% 59 A 9F 4.9 log CFU/g7HA] &
7kt Ao2 Yehd *ﬂLT 7t ¥ & g&4o]

2
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Freshness changes in the olive flounder fillet stored at HVEF

Bacterial cell count (log CFU/g)

0 1 1 L L 1 1 I I
0 1 2 3 4 5 6 7

Storage period (day)

Fig. 3. Changes in bacterial cell counts in the olive flounder
fillets during storage at different refrigeration conditions.
Symbols indicate: O, R group stored at 4T @, con group
stored at —=17C; A, H35 group stored at —=1C HVPEF system
set with 3,500 V; W, H70 group stored at -1C HVPEF system
set with 7,000 V. Data expressed as the mean+SD (n=3). "No
significance between different groups (p¢0.05). ?The different
small letters indicate significantly difference between different
groups (p€0.05).

o= yegtth 79 B2t -1Co A3 BE 9] A
A =]o] HVEsF system©] tigt JFH7}= of

-

ﬁi””

Mo

100%

90%

80%

70%

60%

50%

40%

Relative abundance

30%

10%

0%

e
—
3

6 9
Storage period (day)

Sad 94 g3 W EAske Al 28 A52As

-

of WA A S AlE 24 Wske ] 99,
A H@s A Fo] BAD 4T APHR RT
o] 991 *ﬂv} 2 s %—16}0% Fig. 4% Uehfiglct. &

of 980%°] A==, +4
ekl /‘ﬂ%&%% A3t A} oF 58F 0= et

Photobacterium

Hl& 0.5%
Yo Pseudomonas geniculate,
piscicola, Pseudomonas chengduensis, Roseomonas

gilardii, Geobacter anodireducens, Pediococcus

pentosaceus, Bacteroides vulgatus 5°] F8 AdoZ
eI, 94 71&8 8 WY Al dEEA &t
ok 4T AR Al A7 6Q A7HA] Blgo] 2A WRt Al

Bacteroides vulgatus, Pediococcus pentosaceus,

Achromobacter xylosoxidans, Psedomonas geniculate,
Pseudomonas chenduensis, Photobacterium piscicola
5o, A% 99 & Photobacterium piscicola® $-
A Hl&o] oF 99% oo 2 Uehy YX| e AUFEY
sta] WA Bk 4L 7 AT £ = AHEdeS ¢
4 A}t Photobacterium piscicolas AL |40l
HxEo] QT o 3R 9 Y 5o EAsH, 2T

B Methanobrevibacter thaueri

B Acidobacterium ailaaui

W Paludibaculum fermentans

m Bifidobacterium longum

B Paeniglutamicibacter cryotolerans

W Bacteroides fragilis
Bacteroides vulgatus
Microbacter margulisiae

m Alistipes onderdonkii

W Ohtaekwangia koreensis

m Calothrix desertica

B Mucispirillum schaedleri
Lactobacillus fermentum
Lactobacillus panis
Pediococcus pentosaceus

W Ciestridium saudiense

W Blgutia wexlerae

W Faecalibacterium prausnitzii

W Tepidisphaera.mucosa
Blastochloris viridis
Roseomonas gilardii
Achromobacter xylosoxidans

B Geobacter anodireducens

B Aeromonas caviae
Pseudomonas aeruginosa
Pseudomonas composti
Pseudomonas geniculata

m Chthoniobacter flavus

u Limisphaera ngatamarikiensis

m Unidentified

W Methanothrix soehngenii

B Edaphobacter modestus
Bifidobacterium adolescentis

W Rhodococcus sovatensis

W Bacteroides caccae

W Bacteroides kribbi

W Muribaculum intestinale

W Prevotella buccalis
Alistipes putredinis

W Flavobacterium aquaticum

W Aerosakkonema funiforme

M Bacillus wiedmannii
Lactobacillus iners
Lactobacillus plantarum
Clostridium amazonense

B Anaerostipes hadrus

W Syntrophococcus sucromutans

W Turicibacter sanguinis

M Bradyrhizobium namibiense

m Agrobacterium tumefaciens
Sphingomonas rhizophila

W Parasutterella excrementihominis

W Kofleria flava

B Escherichia fergusonii
Pseudomonas chengduensis
Photobacterium piscicola
Stenotrophomonas panacihumi

W Akkermansia muciniphila

W Brevifollis gellanilyticus

Fig. 4. Changes in bacterial community (species level) in the olive flounder fillets during storage at 4C.
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Table 2. Changes in hypoxanthine content in the olive flounder fillets during storage at different refrigeration conditions (unit: mg/100

g (wet))
Group Storage period (day)

0 1 3 5 7
R (4%) 4.0£0.5"5"%2 12.240.6"° 32329 36.612.8%° 38.410.6™
Con (-17C) 3.610.2° 11.9+0.4% 20.7+0.5% 26.9+1.4% 29.7+0.2%
H35 (-1C) 4.2+0.6° 11.640.3% 16.9+1.0% 18.941.7% 29.8+1.2%
H70 (-17C) 4.110.4° 9.3+0.4% 16.6£0.6% 19.1£2.5% 28.810.2%

Data expressed as the meantSD (n=3).
"No significance between different groups (p¢0.05).

JThe different small letters indicate significantly difference between different storage periods (p<0.05).

IThe different capital letters indicate significantly difference between different groups (p<0.05).
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Fig. 5. Changes in cutting strength of the olive flounder fillets
during storage at different refrigeration conditions. Symbols
indicate: O, R group stored at 4C; @, con group stored at
-1C: A, H35 group stored at —1C HVPEF system set with
3,500 V; W, H70 group stored at —1C HVPEF system set with
7,000 V. Data expressed as the mean+SD (n=3). "No
significance between different groups (p¢0.05). “The different

small letters indicate significantly difference between different
groups (p<0.05).
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