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Abstract

This study investigated the effect of bactocease, as a natural preservative, on the microbial growth and quality of
fried fish paste during storage. To select the optimal concentration of bactocease, the inhibition effect of its different
treatment concentrations (0.2, 0.4, and 0.8%) on total aerobic bacteria in fish paste dough during 5 days of storage
was examined. The sample treated with 0.4% bactocease showed a 1.21 log reduction in microorganisms compared
with that of the control. This result was higher than that with 0.2% bactocease and potassium sorbate and similar
to that with 0.8% bactocease. Consequently, 0.4% bactocease was chosen as the best concentration for preparing the
fried fish paste. Microbial growth on fried samples treated with preservatives was more inhibited by adding preser-
vatives regardless of their type than that of the control after 15 days of storage. In addition, there were no signif-
icant differences in the quality between the samples treated with 0.4% bactocease and 0.2% potassium sorbate, such
as volatile basic nitrogen contents, TBARS values, pH, and acidity. Therefore, these results indicate that food pre-
servatives should be added into fried fish paste for controlling microbial growth, and bactocease can have a high
potential to replace potassium sorbate in processed marine foods, including fried fish paste.
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2020)7F = FEHJoH, FAREE A A= A
7EA] wlg- mul gk Adstolt) metA] o Fo AMEEHE A2
HINAES AT T e N2 FE9 A FHRES 4
& A77F Zasith

YFEA] 2 (bactocease)= 714t 719 A AFHES
N FEle] ZEI APl FARES BactoCEASE"#
BactoCEASE™-6, 71% &% o ZAte] FAE<
BactoCEASE NV dry (67.2% acetic acid; pH 5.7-6.1)%}
BactoCEASE NVK dry (58% acetic acid; pH 5.7-6.1)7}
Aow, FAF, 7HEF R oS/ HA A el
a3 Aoz BuE uvk gltkBadvela et al, 2019;
Hagens at al., 2019). 53], 24k pH 749} v]&) 2|4
Aol ol AFe] mAE S-S AL, vF 2Ee
¢F=(US Food and Drug Administration, FDA)oA] <&t
2oz otAsital 914 = =(Generally Recognized As
Safe, GRAS) 22’2 U HA A F7HEoH, ok
gk FAF 2Fe sl ek vAlE Alo] 29E YEil=
Aoz 4d#HA UrkAkbas & Olmez, 2007; Mei et al.,
2019). SHAIFF AF7HA] AF-S T3 o] F7hgEel ¥vE
A& A8 A= FPE vt fich o9 H&Eo, o
S F79] BIEA]Z2 5 BactoCEASE NV drye= 21&3 7k
B3 ALe 5E% B EF(sodium carbonate), EHF
U E F(sodium bicarbonate), = F2FFUE F(sodium
hydroxide)S ©]-&3l pHE 5.7-6.12 243 AFo2 =
ol = ARE 7hestthal Azt th(Badvela et al., 2019;
MFDS, 2021).
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(80.40%) ¢ AT, i, de, &5, InSAA 2 F
WA 2 2= R0, A2RIAEEF] H7HEA] 2
AHAEFS FYste] AR ARt 2R tES
v} & A] 2 (BactoCEASE NV Dry; 67.2% acetic acid)= 2}
Zt J 4’3 HBusan, Korea)2} Kemin Industry Inc. (Des
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Hengao Technology Development Co. Ltd, Tianjin, China)
£ o] &3t 3% Fet #ESAH T #AstE 7t AlE=
T 3718 A 38E f8 2 BEFE ol&5ko
100 A& 34 FH]SF AL, plate count agar (PCA,
Difco Co., Franklin Lakes, NJ, USA) ®X]o}] 0.1 mL® ¥
ato] A3tk +42 A87F 22 PCA ¥iAIE 37°Ce]
A 297k wieFdt & FAE colonyE Al AR gF
log colony forming unit (CFU)Z & 3714 AldE ¥
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A 5 o5& vE 2 HAo] 5] VBN & Conway
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Fig. 1. Changes in the populations of total aerobic bacteria in
fish paste dough after treatment with food preservatives during
5 days of storage at 4+1°C. @: Control: no treatment, O: 0.2%
Potassium sorbate treatment, l: 0.2% Bactocease treatment, 4 :
0.4% Bactocease treatment, A : 0.8% Bactocease treatment. The
bars represent standard deviation.
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o] WS FAste] AF@ssh 7 AR 10 g SRT
90 mLE 4t bagell ¥ 3127 4T 42 A8
NS AR (1,568 x g, 30%F)3taL, AZRE oJ}sto] 2
o el Aol ARE-3HATE Conway unit 9]d &34 @
220 zZtz} 7 1 mLe} 50% K,CO, Z3H-9 1 mL

Aolx kA ¥a, WAelE 001 N HBO, I mL}
Conway reagent (0.066% methyl red + 0.066% bromocresol
e T SA 54 2ot 2AAHY 9

il
=

green) 50 uLE

Aol NFE ozllz} K,CO, EsHg-do] Yadd Eo]71X]
BEE & T 5 37°CAA 2417 T AT A
2| F oA W] HBO, £92 0.02N H,S0,E ©]
§sto] Aol & wi7kA] A4 o} E0j7+ H,S0, &M%
< 45t o el wet 2+ A 89] VBN oS ALt
skt

VBN & (mg%)
= [(a—b) x £ x 0.02 x 14.007]/v x 100 x 100

olmf a= AE HA HSO, =M F, be TAE HA
H,S0, 243, f&= 0.02 N HSO, 97}, 0.02& AM4H
H,S0, 99 =2 5% 14007< IN H,S0, &4 1
mLe] F7ehs YA 7IE L FFm), ve AlFE F

(mL)E e

o A

& A e 24
AR 5 A5 wE 9 FAE A A AEE A
171 $]38l 2-thiobarbituric acid reactive substance (TBARS)
g =435t 4 A& 2g3 7.5% trichloroacetic acid
(TCA) €< 10mLE o bagoll ¥ + 2 7|(Tianjin
Hengao Technology Development Co.)E ©]&3}o] 3% 5
St A Z T A AERS AZE oAt A& o
A 5mLe} 0.02M 2-thiobarbituric acid (TBA) reagent
S5mLE 93T F 95°C &0l 4587 7ML s
7t AEE AeolA 108 st WA sk Wre &
A (1,568 x g, 10i)3t F5qS F3tal, Kang et al.
(2019)9] ®Hof uwel EFFEAE o83l 532 nmolA
5] FREE S8t TBARS FHFs AXtstsitt.
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Ag ofFde] pHE pH ¥F &0z BAy
pH meter (DKK-TOA corporation Tokyo, Japan)E ©]-&3}
o A3 72 A5 A== pH 27&?2 8l =H| g
Alg o7l 10mLe] pH7F 8.230] 74 0.1 N
NaOHE A&}, £HH NaOH ¥g =4 3sto] th3-9
B2 k(lactic acid %) $HAFA]S o] &5t Al4ksERATH

e Aoy &= 21

AFE (lactic acid %) = [(0.009 x a x f x d)/v] x 100

olw] 0.009= 0.1 N NaOH 1mLe] A48+ lactic acid
%, a2 NaOH ¥ %, fi= NaOH] ¢17H(1.002), d& 314
B <S=(108)), vE A& 53 (mL)E Uebdth

A =24

2 Aol e BE AP 33 v S,
13 Adte Ba+RTUAE YA &
2L version 9.4 SAS iil‘“éi(Statlstlcal Analysis
System, SAS Institute Inc, Cary, NC, USA)S A}-8-3}¢]
one-way analysis of variance (ANOVA)ZE +H4HEA 81,
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4i1°C°ﬂH 59 st AshHA T 5714
A8k THFig. 1). o= WA AlE)
Efé}ﬂ o] &o] nAEHA AXE Hrt 7E
% 1goll Ma47F 5 log CFU/g ulto]d 21
-6 log CFU/g 7<E°l® 27| F-3 218, 6.18
1.5x10° CFU/g) o’ A7t A& Fu
FH3ITHKim et al.,, 2008). ¥ A QJM] u}
Z27] o F HkE9] F 3714 Mg 4.95 log
CFU/gP_f-L' 248 e on, A 59 Foll= tixet
0.2% HFEA| A AP B 32 nAE 71 4
Z5At. © g, 0.4% YEA| X xm;L.oq %= 3714
Aldtare A% 59 & thx79 HlaLste] 1.21 log CFU/g
7+43E 5.58 log CFU/ge] PIAE 5 Yehdo] Aoz e
2 HHg AEE fAsleH, °l He GI= 02% A2
Habg A7 Rt ok ER0L, 0.8% BFEA|S A
Tk fFARE SR QCﬂEl?iE}(Flg 1. 22x14 9
EaN=R= ] P e = =N E_rﬁ\_g_/\ﬁ] 28 ;q;sﬁe EOH u]/hg Al
S5 AAlskH, At ithe F2 F3o|9t A= tis) &
H}E YEpdT B3 vl dthSon et al, 2009; Jeong
et al., 2020). GRAS AJ &9 ZAH672%)22 TAE BtE
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e AFE Aojsk=d, szl e A E Az
S AA AES sfg=Eo] A AE W pHE Har7|2
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wAoR AEHT Y 22HABEA e S oA
e e AT Jrkn BT w, olejd AsE
o R H7olE Az A ArkEE HA EAs SR
£ 04%2 AFsIgon, A48T gee] A% 2T
slal 79 B % WEL Agete] 7 AP Sl
st

AFRERV AP HAAAR] AY T F 7148 A
o+ 4 AHE Fig 20] JeRNITE Aol 5 2129
3 Al wZol] s ofF T/ oA 7P kA
AFOR AL YK (Yun et al, 2017), 71& AT+ 2
o] =W FHAAF] nAE AF FHEY 8 log
CFU/g o]’ wlj-¢- Zolgh 2oz gRl= A thPark et
al., 2004; Kim et al., 2008; Shim et al., 2012). o] 2
I Zole FHAOE Az A ofF RiFe] 44 F A
T, 94 2ARE 9 A, AR 2AEF 2 25) &
o] FollA 7191 Aoz AztEY. B AT A=
A 597 BE HAolE Alge] F 5714 Altel A
Z5]x] kol mAESHY ehbdA o] A fAHA Tk At
Hoh(Fig. 2). AR A 10Y AHEEE AEREE 2
of #AGle] BRE ARAA F 5714 Aol HEE7] A
28R, A 159 Folle AEFRES AP HAH
o] mAE = M3 Aoy dx2te] AlE e A
2 71¢] 28] ©]4H(3.04 log CFU/g) =718t 232 el
Atk FAF 21F9) QA A% 37t 7] (Kim et al.,
2008)ell oJstH A 15Y &<t 2= AAS duE
FA B T, olgj gt AT Ae HAoE Ax H AF
HEZ AVPF AR nAESH AN T fF
3 AGE fldl AFAUS Hojerh S HEAIA A
2 g3 AENAEE Aot AR e, ol R

P #RESEQ A2HMES AT 5 e A=
2 Felo] dAREFTZN FHAAES 2T g o &

35
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30 r —O—Potassium sorbate 0.2%
o
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-
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Fig. 2. Changes in the populations of total aerobic bacteria in

fried fish paste after treatment with food preservatives during

15 days of storage at 4£1°C. @: Control: no treatment, O: 0.2%

Potassium sorbate treatment, 4 : 0.4% Bactocease treatment. The

bars represent standard deviation.
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AL = 0] =
8= 2 Ao AdEdS 1S uf, VBN & 4
WHo] 7 A el d# A th(Kang et al., 2017;

Jeong et al,, 2019). YuFH o2 FA4F 2% VBN g
A H o] Atstel Egmdolrl S-Abo] E(trimethylamine
oxide)’} = o] A== EZH € ol (trimethylamine)
T AR G718 BAE 2 AT T uAE FHLE oK
algo] oln| it BIE| A A SO2 FajEo] MMzt
At wEt Frtete A4S HolH(Kim et al, 2015;
Lim, 2020), 4%kl 5-10 mg%e|™ 2143k Ae), 15-25
mg%e|™ HF AAS AH, 30-40 mg% FEolW 27
5ol e e, 50 mg% o)dol R Aoz wAel
THChoi et al, 2020). ©]¢} TlEo], £ 7MFAEEHN
VBN 2 3 5 20 mg% ©]atE Bud ul tt
(Jeong et al., 2019). o]2fg 7]Fo) whet 2 AtoA A}
S8 oF w52 A 27] 1.68 mg%e] VBN ke
Ueblo] obF Al Adeiivhar AztEw, tizeh A
g7 2% A 5U 371X VBN g#Fo] 5 me% n|vke
2 AEH XA FA = AvkaL FE oh(Table 1). 3¢
A 27 D7) thzT-2] VBN 3K3.08 mg%)°] 2%
HEE 28 742.33-2.52 mg%)Ett ta =4 Frtske
AEe Belet, ol F 57148 Aldr S71eF dAlsk=
AR (Fig 1), A% T 7o) A F20] HFREE
A TR 7] Wil iAo R g whido] Zaf
wo] WA gk Azpetar A 7HE

Fl Aol 52l VBN 2 o5 Wi vlarste] A7 15
o F<¢ o 9A FAEE BFS YER A TH(Table 1). o
Z HHol5e] VBN §d2 A% %271 1.49 mg%ell Al
A 159 F 2,05 mg%E 7P 2 F7HES Belet, o]
= FAol R vAE & FUtet X ete A A7t
HokFig. 2). 275 229 F3 A2 A 104714
we F 3718 AldTE HERIAAT, A% 159 Foll=

M o

AZEHEF 27} vw2s 28] o] B2 njAE F2]9]
vkl Ele] VBN e 7do] Z713 Aoz wukE ) Park

et al. (2004)7} Kim et al. (2008)¢] o] &E AFX =
% 3714 At 71k 7 VBN §Fe] S B
o, A 2715 B A3 £& VBN 3o
A Eed, o83 A F AFolM A3 FHA
5o nAlE F7F & AFelA Alxd FHAAERTY =%
7] wiiel Uebd d/dolgtar Azt v, A FRE
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Table 1. Changes in volatile basic nitrogen (VBN) contents of fish paste dough and fried fish paste after treatment with food

preservatives during storage.

Unit: mg% / Storage time (day)

Samples Treatment"
0 5 10 15
Fich oage CONO! 1.68+0.28" 1.96+0.28% 3.08+0.28% R R
lfiofga}f € Potassium sorbate 0.2% 1.68+0.28% 1.68+0.28% 2.52+0.28% - -
Bactocease 0.4% 1.68+0.28% 1.59+0.16* 2.330.16% - -
Fried gy CONTo! 1.49+0.16" 1.49+£0.16" 1.59+£0.16" 1.77+0.16"® 2.05£0.16™
rifast;s Potassium sorbate 0.2% 1.49+0.16™ 1.4940.16" 1.5940.16" 1.68+0.28" 1.6840.28"8
Bactocease 0.4% 1.49+0.16" 1.49+0.16™ 1.49+0.16™ 1.59+0.16 1.59+0.16%

YControl: no treatment.

2 Any means in the same column (A-B) or row (a-b) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.

5 A9 VBN #2 FR/ol #Aglel A 2719
AR FESR BH A= (Table 1), o1& A 5 4
ERZEE AT & 3714 AEF7 1.50 log CFU/g
ol WAl AEH7] WEoZ HATKFig 2). o3k
A 29 H4 Ao} i AFRERE HUtele

Aol BAoIRe PR 54 oAlst AAE §AF Sl

o oz
L2 2 2 io

WAl F pH 2 4be W3 58 B3
2l MM E H7HE S8 oF ti(Jeong et al., 2019). ©]
w}, B AFoME AERER AP F olE ukEi} g
o1& A% F TBARS &, pH, 42H= WslE #43}
Aow, 7t AIE Table 2, 3, 49 YeRRTE 2 Aol
A AHEE o & Rk A 27] TBARS &2 1.33
mg MDA/kgol o™, A4 5A7kA] thxT¢} 27 25
FAFSE 22(1.37-1.40 mg MDA/kE)S-2 241 5l tH(Table
2). FAES ofF wERT BS TBARS dHo] HEE
Ko, A 15U714] 2E A57F 0.88-1.37 mg MDA/
kg HAZ A F F3lg W3} glo] A=A HAo

A
3 AHbd Abslel o8] AslE|=® VBN o &
X o

i 2B AFe] A b Hme 93
TBARS &3] 0.58 mg MDA/kg ©]3fo|™ Akoj3}=]
& MM A, 0.58-1.51 mg MDA/kg ®9lold %7
¥ FFEolv AH 7Fee AdEl, 1.51 mg MDAKkgS %3}
st Absfgl Ao 2 Aeketh(Hajji et al, 2019). ©]2 g
71l o8 2 AolA AMERE o & v Az HA
A& A W7 BF A8 7Fsd 59 TBARS
TS FA AT A7 T

s golg = & TBARS T3S Thek
% malonaldehydeE YEM= A EZ
A E F2 ok AL HF A

o & W A Aol Abof=wHA
Helthy &#A SITth(Shin et al., 2007).
, o1& REZ3 vlwste] 71 A% 77w
2 2 TBARS &S YERll=d, 9]
H FAAFANA mAE ASo] A
st @40 ESs dolyty] Wl
Ath olgf st Axh= 71E AR7F AW abst £
AlA 21F Ul TBARS < 7M1 F Udth+=
T+ H.3I(Song et al, 2017; Negara et al., 2021)%}
= zZolE HAoy HAASE A% F TR A glo]
TBARS $H&o] dAst WA= HAEZH o= Park et al
(2017)9] A#ol= FAFSEATE 28U Park et al. (2017)
o] AT AollA gelE HAE] TBARS T
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Table 2. Changes in TBARS values of fish paste dough and fried fish paste after treatment with food preservatives during storage.

Unit: mg MDA/kg sample / Storage time (day)

Samples Treatment”
0 5 10 15
_ Control 1,330,092 1.39+0.11% 1.40+0.12% R ]
Fish paste . N Aa Aa Aa
dough Potassium sorbate 0.2% 1.33+0.09 1.37+0.01 1.40+0.11 - -
Bactocease 0.4% 1.330.09 1.37+0.03 1.37+0.05% - -
Fried iy COntr! 0.88+0.044¢ 1.190.08* 1.3740.13% 1,120,024 1.1120.034
r;eastels Potassium sorbate 0.2% 0.88:0.044¢ 1.16+0.05% 1,290,083 1.1120.074 1.08+0.06™
Bactocease 0.4% 0,880,044 1.06+0.022° 1.25+0.0148 1.06+0.08* 1.0440.1140

DControl: no treatment.

2 Any means in the same column (A-B) or row (a-c) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.



24 AT - 2piE

AL ERE e

Table 3. Changes in pH of fish paste dough and fried fish paste after treatment with food preservatives during storage.

Storage time (day)

Samples Treatment"
0 5 10 15
Fich pagte OOl 7.3740.02% 7.24+0.02% 6.35+0.02% R ]
‘Cslofgaﬁ € Potassium sorbate 0.2% 7.37+0.02% 7.27+0.014 6.08+0.12%° - -
Bactocease 0.4% 7.37+0.024 7.22+0.01% 6.42+0.07 - -
Fried gy COntro! 7.33£0.05% 7.30+0.02% 7.3120.03% 7.32+0.01% 7,320,048
rifastés Potassium sorbate 0.2% 7.3320.05° 7,340,024 7.3140.02% 7.40+0.03% 7,380,047
Bactocease 0.4% 7.330.05% 7.18+0.04% 7.27+0.014 7.28+0.03 7.28+£0.025®

DControl: no treatment.

2 Any means in the same column (A-C) or row (a-c) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.

Table 4. Changes in acidity of fish paste dough and fried fish paste after treatment with food preservatives during storage.

Unit: % / Storage time (day)

Samples Treatment”
0 5 10 15
. Control 0.2140.0142 0.31+0.01%° 0.85+0.055 - -
Fish paste . o Ac Ab Ba
dough Potassium sorbate 0.2% 0.21£0.01 0.33+0.01 0.85+0.07 - -
Bactocease 0.4% 0.21£0.01%¢ 0.35+£0.01"° 1.10£0.074 - -
Fried fish Control 0.13+0.0342 0.14+0.02488 0.14+0.0142 0.10+0.0148° 0.09+0.024°
rifastés Potassium sorbate 0.2% 0.13+0.03% 0.10£0.045 0.14+0.01% 0.08+0.045 0.08£0.04%
Bactocease 0.4% 0.13+0.0342 0.14+0.02488 0.12+0.0348a 0.11+0.03282 0.10:£0.0542

DControl: no treatment.

2 Any means in the same column (A-B) or row (a-c) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.
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