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Effect of Natural Antimicrobial Extracts on Shelf-life Extension and
Quality Improvement of the Flounder Sikhe

Ho Jun Han, Deog Gi Kim, Dae Won Han', and Soon Yeong Cho*

Department of Food Processing and Distribution, Gangneung-Wonju National University
'East Coastal Marine Bioresources Research Center, Gangneung-Wonju National University

Abstract Flounder sikhe is one of the traditional Korean fermented foods. Because honey, fucoidan, propolis, aronia berry,
and horseradish are well known to have natural antimicrobial properties, we investigated their antimicrobial effects on
improving the quality of flounder sikhe. Ethanol extracts of propolis inhibited the growth of Bacillus cereus, Staphylococcus
aureus, and Listeria monocytogenes. The extracts of aronia berry showed similar effects against Salmonella Typhimurium.
We also assessed the total polyphenol and total flavonoid content and 2,2-diphenyl-2-picrythydrazyl (DPPH) radical
scavenging activity in the extracts obtained from these natural materials. The contents of polyphenols and flavonoids were
the highest in propolis, which also showed a high DPPH radical scavenging activity. Therefore, addition of propolis 0.5%
to flounder sikhe showed optimal improvement, with a storage stability of 15 days at pH 5.39, volatile basic nitrogen
(VBN) content at 24.73 mg/100 g, and total bacterial count at 1.81x10 colony forming unit (CFU)/g.

Keywords: antimicrobial activity, antimicrobial extract, flounder sikhe, fermentation condition, quality improvement
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Te o
V=]

2 A Aol Azl AMg-gt 7B (Verasper moseri Jordan
et Gilberuy= a2 7dolA AldE E7HEARE 8t AR
Skt YA (Salt, Haepyo, Gangneung, Korea), 2257 #(Non-
ghyup, Gangneung, Korea), "}=(Nonghyup, Gangneung, Korea),
MSG (Monosodium glutamate, Daesang, Seoul, Korea), A7+
(Nonghyup, Gangneung, Korea), F-(Nonghyup, Gangneung, Korea),
F2(Nonghyup, Gangneung, Koreay> 7354 &4l 8 3=
mtEC| X Zpzh F9)ske] ARE-SEAT

FZo AHg-El I 2ARA E(Choroc, Gangneung, Korea), 3
2Zg2(Choroc, Gangneung, Koreaj= 7454 24 2E20kS, &
FoJEH(MSC, Yangsan, Korea), ©F=ZU o} 2] (Nonghyup, Gangne-
ung, Korea)?} ZF"§o|(Nonghyup, Gangneung, Korea)= 5
A 5 RRENAN YAt FE0 AMSE SR o
kS 99.5% (Daejung, Siheung)ES Tufidte] ARE-3IITH

7ixtgl Als M=

AEE B7pme] AAd9S AEHH] 20%S F71ske] 24h
QA F 7j3o] 233 AF F 1h st TS dEE
460%=2 W 5 TE7ME 16.80%, U 7.21%, H1Y 2.96%, A
7 370%, T 10.12%, 52 13.72% HA7lsted 7100 AAslant
A SALE 15°C, 4717 149 BE SAlske] A ZEAUT &
Aol k5 ¥ 7] Adle Zizhe] JA A2 deE FE2E
< 10,000 mgL FEZE 3|A3te] 7EAm] A8 FA tiE] 0.5% &
ot A=A

AMFE: 70% oE2) ¥ &= wHF 5 sonication (JAC4020, Kodo,
Hwaseong, Koreays ©]-8-3}l] 50°ColA 1h&St 29552 8}
Atk FE2F 15 AROAEE) §9S Ao Fst] qAS 3

Paper discHg 0|83t &7y &8

Mol tiet &8 =42 paper disc methods ]33 Th
Table 19] Z} 455 14Fo] FH3k] 10mL9 lactose brothell 3
Z3lal 30-37°CelA] 48 h wl st E/9siAFT). o] 8% 7+
o5 100 uLE lactose agar WA]oll T=aldct o] F4=4
paper disc (8.0 mm, Advantec, Toyo Roshi Kaisha, Ltd., Tokyo,
Japan)E HiA] flof] 2|3 TEEE XA ARE 47 T8
HAX 24h St widsiAth 2 & disc 99 inhibition zone9]
27 (mmyg ST

& Ednls g &3

T EEvlE TS Tawada (1ol WS L5 W3] 1)
A At Zzke] FEES 10 ppme] FEE Ve T, AR
04mLel| 554 3mL, Folin-Ciocalteu reagent (Sigma-Aldrich, St.
Louis, Mo, USA) 02mLS Y& % saturated sodium carbonate
04mLE H7bste] g3t &, A2oA 1h XS ¥ 233 =
Al(JP/V-550, Jasco, Tokyo, Janpan)& ©]-8-3ted 725 nmollA] 4%
£ 273313t Gallic acids 183 FFF42 gallic acid (Sigma-
AldrichyE FFF 59 FHIFTF=7F 0, 10, 20, 40, 60, 100,

Table 1. Indicator strains and growth condition

. . . Temp
Indicator strains Media
\©)
Staphylococcus aureus ATCC 144458 LB 37
G(rf)m Listeria monocytogenes ATCC 19111 LB 30
Bacillus cereus ATCC 14579 LB 30
Gram Escherichia coli ATCC 25922 LB 37

(=) Salmonella Typhimurium KCTC 1925 NA 37

150mgL §jo] H=S AT o|F UYF Hste] SAsk pe
WO Z 725 nmollA 53
oo S EEPPHORTE ARSI

& Balwcolc BY &%

Z E9H=0)== Moreno 5(12)9] Wl w2} &5 05mL
ol 10% aluminum nitrate (Daejung, Siheung, Korea) 0.1 mL, 1M
potassium acetate (Daejung, Siheung) 0.1 mL % ethanol 4.3 mL
g A2 7lsle] Esta ALolA 40 min FXE Thr 415nm
AA FF=E 43I h Quercetin (Sigma-AldrichyS RE32
2 38t 0-100 pg/mL = AN Lol FE Aoz
H FE2E9 F ZEfExolE TS AT

DPPH radical 215 &3

A A}g- ] 5 (electron donating ability, EDA)S Ozgen %(13)2]
Wol wpet Z4skdct ZF AlE 89 100 mLoll 0.15 mM ol gk
<=2 343 2,2-diphenyl-2-picrythydrazyl (DPPH, Sigma-Aldrich)
£ 100mLE ¥ WE F 30min WA THE 517 nmol|A]
FAEE gt Ay ee AlEgA Ay FHL
9 F4 57k optical density, 0.D.)C.2 YERNSIT tixTo =
£ gallic acidE AH&-SF3

® pH 53

%4 5 7 Asle mAE SaE5E AR 10gd HadE
I 90mLE &3 B8l 100z St 2] sl
ImLE Z}7}e] 3M Petrifilm Aerobic Count Plate (3M, St. Paul,
MN, USA)l FHE3F T3 37°CollA 48h vl¥sto] FA% colony
£ AlE3t] AlE g9 colony forming units (CFU/QE YERN ST
pH 23L& A& 5g0 57/ 45mLs 718 #2307 3 pH
0K, Mettler Toledo, Greifensee, Switzerland)= =73 3} th.

2
a
=
—_
N
[\

i
0zt

22N AV = A (VBN) &

A F71A(VBN)S] T2 widj gt 7iAbm] 2s) & A1E-ste]
conway unit2 AFE-3}= micro diffusion method(14)ZE A]&E 2 goll
20% trichloroacetic acid8-9} 2mL$} SFF l6mLE &3 F
homogenizer= Pl F o428t conwayell =9 F 37°CelA] 80 min
12 % 001 M hydrochloric acid (HC)ZE 23l 24313t}
SHEY

ArbAFe] digk FAARJA o8 AA-S Statistical Packages
for Social Science (SPSS Statistics 18, Chicago, IL, USA)E ©|
£-3}% Duncan’s multiple range test2 FAFTE 5% ©u
<0052 7} ezl gt o)A zolE ZAFeAT diolH
= 7+ AR Haad ZFUAE YR
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H, ol2YolH|g], AFYo], Z2EF L, S0tk Fof &
LFZ N 3 E coli, L. monocytogenes, Salmonella Typhimu-
rium, S. aureus, B. cereus ™3+ S paper disc S ©|-835}
o gRIgH AAE Table 201 AN BTt HEZS F59 34

| AHEEE 95% oleheS ARESIlen, H2 ZEEe| 37t
o] RFOEA] ARSsle] AES AAEHATE tats X
FFYol, #, FIO|HHIL AFEZAME BE ol disiA &
o+ Aol YelUA] ottt oz Yol gl A= Salmonella
Typhimurium®l] WE|A] 15 mme] 4 $ho] et A5A
Tt e en, g gollxe ddol JeRtA] &8kt =
B2EYE FEANNME B cereus 14mm, S aureus 13 mm, L.
monocytogenes 15 mm =2 AEA |7t UEVEOH, E coli, S.
Typhimuriumdl| A= &=t EA4o] YehR] &gtch. 22 E a2
St 248 1Y TG TE disl ASAN Yehbe W
W a3 HEME e g2 As BokS ), Z2EF
29| it o] TS TFE Bt FAFENAN © et
3 B E=E Blasle] & o, B A7) vsse A4S
Uel= 22 ®olth

2

o

i

Ao Ane B v 23], %, FIoT 2EEONE T
@+ o] YehA] Fon, ofRUotdE] FEEAME S
Typhimurium| A ¥F JERST) HhHe] Z2Fg|2oxs 23S
A B. cereus, S. aureus, L. monocytogenesolA @ S

bt

Eo|hlE, E2tE0|=8Z ¥ DPPH radical 275 =il
2 AFddM = 4719 E, ol olulg], ZF o], T2 E e
FIo|dke] gt A4S B g T kS ERIE] {3l
ztzke] RS Fsigiet. Eejvls 9 Z2kH 0] =% phenolic
hydroxylts: 27 o4 2l Qe WEs S== 18 &l e

d

A4 7%%E 7HAE 22 Bada Qkis,16). B A3
ethanol F+E=5 ©l&st zzte] Eejuls o, ST ieo
1%, DPPH radical 2271%5-2 Table 39 UERAITE 4379} ak
Y3} o] YRFAORE RE oEke F2E 3o o]g3
95% oetE-S ALgslglon, BE Z2 |0 PRLOE AME
sttt 7zt &, 2 Ee|s 350, ol o], T3]
& oS FEAS 1,000 ppmlE 3|4k 517 nmollA] 233
A (JP/V-550, Jasco, Tokyo, Janpan)Z 743t A3} HolMe &
gHlEaFe] 0.58 ugml 7HE Sl YElgy, $3o|wh g
5.00 pg/mL olat= WA UERgTh aFe] dEg FEENA
£ ZEEEzo] AEER ). ol W) A4l A A¥
ANA AFEtol gt AFAAIE UEEE, ofZ Yol g =
6120 ug/mlL 283 T2EF2E 9118 ug/mlLE 7H =& Z

Hs3rs Ueplth A& gy BxFo] e Fgiicol=
A HZ B2 AFelA AL k. FeAe ZEEEol=
ol iz Bk ¥ vehy 79 EAsA] e ASE
Efgton y3uo] gk FElH-o|=rt HEER Gyt F2
ojgte Zgtr o= gl 15128 pg/ml AEE YENY,
grso] wU4E ofRYopd gt ZRE AL 77 197.00,
457.09 pgmLE ¥ FThEEolE oFge UEHlet, 2 Sl
M Z2EY27F 953 B2 ZHtEolE S Vel
ARFe T it SHol A o® 2ol Wigo|th. DPPH
= s S S A AR AR, HE, SEE
roluel 72 HEA EAo ug atsltge] Axet &

dom, F2 e RS Fosie] A% Fo Akt
AABAL A W =515 JANTI= &S Tt 2 FEE
DPPH radical 24%< Table 35} Zth HoAe 27 W
DPPH radical &2A%°] © WA Jegton, slslaszt A
e AR FRIFT. olo) vle] ZREe]X ethanol &
o] DPPH radical 227152 0.65 OD.2 £ 43l 275S
YepfIQth, Agdog ez giksl edo] 7P o

lo &L fo i

Table 2. Antibacterial activity of natural extracts using paper disc method (Unit: mm)
Diameter (mm) of inhibitory clear zone
Sample
B. cereus S. aureus Salmonella Typhimurium L. monocytogenes E. coli
Control (70% ethanol) ND ND ND ND ND
Honey ND ND ND ND ND
Aronia berry ND ND 15 ND ND
Wasabi ND ND ND ND ND
Propolis 14 13 ND 15 ND
Fucoidan ND ND ND ND ND

ND: not detected.

Table 3. Contents of total phenol and flavonoid, and DPPH free radical scavenging activity

Sample Polyphenol (pg/mL) Fravonoid (pg/mL) DPPH radical (0.D.)
Control (70% ethanol) 0.10+0.04* 0.10+0.01° 2.38+0.00¢
Honey 0.58+0.04* 0.00:£0.00° 2.46+0.00"
Aronia berry 61.20+1.63¢ 197.00+10.54¢ 0.35+0.00*
Wasabi ND ND ND
Propolis 91.18+1.35¢ 457.09+2.67° 0.65+0.00°
Fucoidan 4,09+0.13° 151.28+1.81°¢ 2.30+0.00°

ND: not detected.

*Means with different letters in the same column are significantly different (»<0.05) by Duncan’s multiple range test.
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e, oo} o] ZrEE|Avt kst A &4 7= F
H o]f& cinnamic acid®} cafferic acids esterZ H|E3 e =
grReo|zd 93t Ao g YFFH AT sk UEF FARE 4

F2 BoZITh(17).

71Xt Alsliel M&E & pH st

olehg, &, of2Yog], aFo], T2 EF L ot 9
e FEES 7] Adll Zhzh Hrlsle] 1497 <4 & 15
ocollA 159 A717r 59t pH H3E Table 494 2t} AWz o
2 FEAFES pH 5 ol HW oFH ¢} tlEo] Fulol of
QIS MR, F714HE S AEAde] flttar BarEo] gl
o(18). A 3AXFE z AlF pH groll f2ldel Zjolzt v
ERsteh 2l eSS H7keE 7R 2s)e] pHIF 5.99%
7P wekom 2 AFoME 6.00-6.08F pH kel FelFel
zlols Yehiioy, 314 & Aeole JeEA] &gtk A% 9
URE A 154714 ZulE, et ieo|=gtgo] £33, DPPH
radical 27%°] 7F4 £ Z2Zg|20] pH W37} 6.04014
5392 7P A YERE, T HAR E9HE ofZuot| 2] vt
6.06914 5322 A2 pHe| W3lE YEpNSITE T30tk B3k A
Z 1597K4 6.00014 53008 ofzZuolHa]e} fe]Zel xjo] 7}
YERA] egkar, tixt, &, 259YoldxE pH #sht t& A
S50 Hlsle] A velth o]0 E & o, kst EAo] =
2 AEENA B2 pH WIS veld=d], kst 28] Fof
ol 714 JAst Uehtbe @402 AlsE

7EXtol Alsie] XME & VBN ke His)

O] ojmRe o F MAxrt AslEW ofF W AxF
59 AA AR A}, 0§ Fol| EAske T9A G Ao
9] ZFgo) 28] TMAO (trimethylamineoxide)”} $H o] A=
£ TMA (trimethylamine) 5 A& Q718522 A4, A<
F2e ofa Tldoe] RafEo] A= Rl A Fol ¢
& VBNY| shao] ZrishAl Hoh durdom A% ofFFe]

Foi= VBNo| m& 5o} Jov) oy & AJ7ke] A4
£ Zylsle Ao g HiEo] VBNY 23L& oufjFo Ariy
Ho=z gz o] &FI Yrk(19).

15°CelA A7 159 &< 7] 289 VBN &3 Table 5

ob Rtk AR FFES BF A% 3URE AR 749 VBN
hepel felHQ) Aolzh ersiey 3270l e} el 7}
Z

F 17.57, 1723 mg/100 g2 718 =4 Uehdom, A4 159
A= =& 30283037 mg/100g AEE T2 AR50 Hs)
=2 SHS VAT WhHol ofZujolrlg], I Fyo], 22 e
, T3l A7t shAe] Asfell dizes) vws) B u), F
HA B2 bt ol2Yohg], wFYo|, FFo|te
A7 1590l VBN g3k 7z} 27.99, 26.24, 2546 mg/100 g2
ME k] FoAQL Alol= YERA] it L FollX = pH o
Ao Ao} v AR pH WSt 7P AW, Z2EE 2
A A 1597 % 2473 mg/100 g0 & 7 @S VBN S
Ueplglom, ol HAArAE e daazet =& 4t
3l @go= 3t ZAo=m AlRHT)

N |

[ B

7tXto] Aol XME & Ede #s)

7k Asfe] A F Fre] Wshs Table 63 2ot 7zt
o] A8 39AA 10 CFURS R A81He] Fatre] Alol= A
Al A okt A 6dARTE 15UAEA] AlE7He] fo1F
Ql Zpel7F vehbr] AlRSIGAAL, 2 5 Al 7MY E=0d
2Ze|27t A% 15900 18110 CFUgeZ 7P e 23
YERAITE tiE7S 624x10 CFURR R 7P 28 2d5E
EffiloH, S Ay 7EAn] A8 gk thxate Al v
FE0 FAFE YEpISITE Z2E 237t 9 AEERE UERT
¥ H|=% 10 CFU/gS YERAIO W SF7te] Fetsre] s o
EMIE olR oz Hol §itsl EAdo] 7P =3 B cereus, S.
aureus, L. monocytogenes ¥-973<ol tgh o] A, =2
FP27t A Wl M w2 Z0E AlsE s 22
ZE)2e] e 54 ol o FstEolA], 7k 2s)¢]

-

=
S
o |

Table 4. Changes of pH of the flounder sikhae during storage at 15°C for 15 days (pH)
Storage days
Sample
3 6 9 12 15

Control (70% ethanol) 5.99+0.00* 6.09+0.00° 5.34+0.01° 5.16+0.02° 4.53+0.01°
Honey 6.05+0.00° 5.82+0.01* 5.75+0.00° 5.58+0.01° 4.98+0.01°
Aronia berry 6.06+0.01¢ 6.07+0.01< 5.97+0.00¢ 5.77+0.04¢ 5.32+0.00°
Wasabi 6.08+0.00° 6.03+0.01° 5.87+0.02° 5.75+0.02° 5.0440.00°
Propolis 6.04+0.00° 6.06£0.00 5.85+0.00° 5.85+0.00¢ 5.39+0.00°
Fucoidan 6.00£0.00° 5.96+0.02° 6.03+0.01¢ 5.82+0.01¢ 5.30+0.00°

*Means with different letters in the same column are significantly different (p<0.05) by Duncan’s multiple range test.

Table 5. Changes of VBN of the flounder sikhae during storage at 15°C for 15 days (mg/100 g)

Storage days
Sample
3 6 9 12 15

Control (70% ethanol) 17.57+1.11¢ 18.0240.41% 19.51+0.39° 25.02+0.08° 30.28+0.22°
Honey 17.23+0.84" 19.19+0.53°¢ 21.52+0.04° 26.18+0.58° 30.37+0.16°
Aronia berry 14.52+1.90* 15.72+0.71* 19.23+0.33° 21.1240.16* 27.99+0.17°
Wasabi 14.85+0.75% 15.65+0.64* 17.43+£0.19* 21.15£0.31° 26.24+0.32°
Propolis 13.66+1.06" 16.97+0.76" 17.99+0.63* 22.39+1.68° 24.73+0.55°
Fucoidan 15.06+0.76™ 15.94+1.12° 21.65+1.14° 23.56+1.35 25.46+0.85°

“*Means with different letters in the same column are significantly different (p<0.05) by Duncan’s multiple range test.



Table. 6 Changes of total viable cell contents of the flounder sikhae during storage at 15°C for 15 days

Ad@daFEE2] 77 7Abe] Aslo] £ B Aol viAle 9% 693

(Unit: CFU/g)

Storage days
Sample
3 6 9 12 15

Control (70% ethanol) 5.31x10 4.47x10 6.31x10 2.27x10 6.24x10

Honey 6.12x10 1.75x10 5.20x10 7.21x10 5.28x10

Aronia berry 3.22x10 7.81x10 3.80x10 3.21x10 1.52x10

Wasabi 3.28x10 6.90x10 1.65x10 5.21x10 1.66x10

Propolis 2.24x10 4.05x10 8.25x10 2.81x10 1.81x10

Fucoidan 4.22x10 6.15x10 3.15x10 3.21x10 4.05%x10

2] =0 JNELS sk slrEo] ol o Aly J. Korean Soc. Food Sci. Nutr. 33: 1515-1521 (2004)

j; o ]_1] 4t '%EF_—, | o471 wiel] 237 3717 2.Jo YJ. Study on the antioxidative and antimicrobial activities of
o] 49 o= A ] key compound= T A wasabi (wasabia koreana, cruciferae) extracts. PhD thesis, Sung-
2 5 Qv F71E0 ATE Esie] AEs 245 oA W AF shin Women’s Universi_ty, Seoul, Korea (2008) )
Aate] key compoundE Fopfjol B Ao g AlEEn) 3. Choi C, Lee HD, Choi HI. A study on quality characteristics and

o (o] 3
pl =

T o, Z2FE X T
ot dErE FE2EC uig g+ - st 5% AP 7|
A3o] FEES H/RE W Jvehe A7 wistel diste] &
A% Axte= o Ak OE FEEEYE Ui Z2EFX
NerE FZE2 B. cereus, S. aureus, L. monocytogenesOl|X A5
A7 G, EEdled SEhE ol =9 2 dlslEH ol
74z} 91.18, 457.09 pg/mLE 7Hg ol it 7 =2 &
kst 48 RSl g AN T A 15974 pH
W37} 6.04-5392 7P Hen, VBN 3HF 2473 mg/100g 2
T 7P WA Jert 7P e ATEE JERIIT
olFoR & uf, Wedwel it g H sHdo] 7k
2ge] AgAed 2 FEFE A= Zo=E Ak ofZ ol
g, AFYol, oo A HEF iRy vlws)] & o A7g4
a7t Yepdth SR v olz Yol @l ell X Salmonella Typhimu-
riumol| A1) o] Yehgor, Eglds % ¥ ZEfRico]
= ko] bz} 61.20, 197.00 pg/mLE, ZFWYo] I ZFo|th|
vl =& S vERiSiET A 15971419 pH WH3steE VBN
e 9 FH5E v B4 A fojF o & Aolg yEr
2] ook
3 Hol A7 A, dekE: FEEES FEEMY TRV
P, f7)4kel mixE @Ekelv wd v, g v
T U2 7FeRE e, A el FEFS E
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