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Abstract.

The physiological functionalities such as antimicrobial activity, antioxidative activity, angiotensin-I converting
enzyme (ACE) inhibitory activity and bile acid binding capacity were measured for the solvent—fractionated meth-
anol extracts of Alaska pollack sik—hae at various time intervals during fermentation. Two temperature schemes
of fermentation were studied: constant temperature of 20°C (A) and stepwise change from 20°C (10 days) to 5°C
(B). The methanol extracts of Alaska pollack sik-hae showed antimicrobial activities against 9 kinds of micro-
organisms including pathogenic and food poisoning strains. Among these, gram positive bacteria, in particular Staph—
ylococcus aureus, showed more sensitivity to the extracts than gram negative bacteria and fungi. Antioxidative
activity (EDAs) increased until 15 days (A, 0.92 mg/mL) or 16 days of fermentation (B, 0.94 mg/ml.), and then grad-
ually decreased. ACE inhibitory activity was observed in all fermentation time except 0 day, and bile acid binding

capacity at 15 days (A) and 16 days (B) only.

Key words: Alaska pollack sik-hae, antimicrobial activity, antioxidative activity, ACE inhibitory activity, bile acid binding

capacity, physiological functionality
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Table 1. Recipe for the preparation of Alaska pollack sik-hae

Material Composition (26)
Salted Alaska pollack” 474
Cooked rice 95
Cooked millet 95
Red pepper (powder) 70
Malt powder 38
Salted shredded Chinese radish” 19.0
Garlic 2.4
Ginger 14

Total 100.0

“With sprinkling 7% table salt (w/w) on the surface of Alaska
pollack meat, salted Alaska pollack was leaved for 24 hr at 5°C,
and followed by washing and draining.

PWith sprinkling 7% table salt (w/w) on the surface of shredded
Chinese radish, it was leaved for 24 hr at 5°C, and followed by
washing and draining.

R

Table 2. Reference strains used for antibacterial activity ex-
periment

Strain Strains No.” Medium
Gram (+) bacteria

Bacillus subtilis KCTC 1021 Muller-Hinton agar

Bacillus cereus KCTC 1012 Muller-Hinton agar

Staphylococcus aureus KCTC 1916
Listeria monocytogenes KCTC 3710

Muller-Hinton agar
Muller-Hinton agar

Gram (-) bacteria
Escherichia coli KCTC 1924
Salmonella typhimurium KCTC 2515
Enterobacter aerogenes KCTC 2190

Mold
Aspergillus flavus
Aspergillus niger

Muller-Hinton agar
Muller-Hinton agar
Muller-Hinton agar

KCTC 6961 Potato dextrose agar
KCTC 6982 Potato dextrose agar

YKorean collection of type cultures.
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of] 2 3, 484] 7} wlj eF3}od paper disk %] <l A3 clear zone
9 AA(mm)e.g 4L =439t

h

gHitat &
a3 a3 A3 AEd S AT (1000l F3)
o} DPPH(2,2-diphenyl-1-picrylhydrazyl, Aldrich Co., USA)
BA4-& A skgdck old 2 A A HefA s o] aatst
A3 DPPHel| th&+ 2131 5(electron donating ability, EDA
(%))7} free radical inhibition®} 509 ] Al %8 EDAso(mg/
mL)& F3le] vlaateich
189k &AL angiotensin-I converting enzyme(ACE)
Aoz Agseled ACE 2849 ZA)+= Cushmant
Cheung®] 8 (11l whe}t Al z38)gd 2w, ACE A | ZAAEA
-& trinitrobenzene sulfonate(TNBS)E o]-43 A=A &4
HHH (12)o)] whet A skt olw) EaA s FA4 L ICoo-E
Uehiigl =), 1714 IC2 ACESA & 509 A sl 3=t d.2
3} ACE inhibitor %¥(ng/mL)& ] =gt}
s EAHEM 53
3} | 26l A2 Camire 5] W& w3 S5k A3
Sinvitro) 224 A1g13)E& stk F A= =5
5mLell %<1 ¥ 0.1 N HCI -4 2 mL& 7}3l 2
of|A] 1A 7HE-oF A8k wHEAI 7] o8 pH(7.0)8 23 38k3 7]
of| cholic acid 5%~} 31.25 IM/mL = =2 ZA3H0.1 M 14t
}Z=l(pH 7.0) 4 mL2} porcine pancreatin® §%=7} 10 mg/
mlL H 52 %43 001 M 2dA4kkZl(pH 7.0) 5 mL& Z+7t
7}k F 37°C &zl A 141 7F F<k A&k kA F{ ok, aink

0.
3



sl

H 84| 1.33 M phosphoric acid 2 mL-E 7}8}3 27,000 gol| 4]
1027 9 L2118 F 4592 28kl 2, FAbel] 0.01 M Q14

$5YEH70) 5mLE 713 F £ 2 YAl et A5
v ok A5de v F 98k 1 N NaOH S22 pH
7022 243 % 01 mLA-S A #3te) @ 1 bile acid test rea-
gent 0.5 mL& 7}8lgdc}. olu) blank: test reagent thAle]
blank solutiong 37}l vl. 2% 37°ColA] 1087} uk-8-A12]
T, 05 mLe] A A|2fkE 7)sle] W3-8 A=) A)7) T spectro-
photometer(Verian 634s, Australia)& ©]-4-3}¢] 540 nmol|A]
TEEE A

LT
HelA o] 273 X272kl uhE A S A E] 9
3| = el 48l methanol ¥2%& E5% 3 paper disc 224

9%-2] el HFt GFBAE A3k HTable 3).

I A3 g upet G #Ae] o2 A Yebgted], gram
/3% Bacillus subtilis®} Bacillus cereus?) 73-$- 7 e 41 5|
2% 1,000 ppm 555 H7H Sl FejAl s Az 55
B] 85~9.5 mme] A x| go] A&7, 20°CollA] 64 <4
Al & (18} 20°C 64)E°lA4= 500 ppmell A8 T84 o)
el AlAbste] A 277k 2L He B4 e A o
35 20°C 1597 W20 4 169 A A3 Al Z(o]8} HL
169)el|4] ghdaAd o] ofzk zha s siel7} ThA] 227 7hel| u}
2} S/ 3 A ‘/}E}Lﬂ Rk HelAlE A5 e
‘Qii]'%% o, Al 22 Fof] viehd g8 -2 Al Al 24 P}

vk 2 AL A E B aEY g Ao
FAEM14), A U 54717k w2 g Wl
e HE - SR o Bolsts A d3e] &

10

r

vl Kim(15)<= "3EH /"KH 20°ColA A3 S u) <4 397 <l
HAREF Leuconostocsro] HtlE vhehdl 3 hasbe], 4
10Y o1%-2] E74E Lactobacillus$t Pediococcus =2 2
Abgto] thR-B-& XA ghe) s it LubA o2 ol2jal A4k
T2 AA2A750) e FEAES AN, °]E pro-
biotics= &£ & A4ME = gl Aoz d# A gItH16).
gk Aabtol o8 B4 H succinic acid, tartaric acideF &
7142 w22 54 olvlial o] 48 A Ao A 24
QA EAE 7HR ek 3l (17), 72 Dol PAkd-of o8 A4
= A B4 24 HoOy, diacetyl, 7] €F bacteriocin S5 ABAd
ok e A AoH(18), mhebx e As SA T Sl
Akl o8 YR FFEAET A A ms) BypH L
2 2o R S84 -S YelE Ao dug gk
Staphylococcus aureus®l) P&l A= HefAl &) A 22 5 xg]
A7 Tl BE 55 At FEoA Al dE A
7

o2 viel, el S aureusdll HE =

4% HelASI(ERD A=l7s4 561

gl Qe Aoz FA=A) Wbl Listeria monocy-
togenesoll WA Az A Fe = datEo] e AR v}
el S40] Aol w2} A5 o7 vho] 7pA F2(2}
FAAD 20°C 64 2 1597 H-2 169 A5 F2EF 1,000
ppmre 71 of s o] vpehy] Alakslsdcl SRR R A3} -
A3 7)17ke] F1E 20°C 31 2 W2 27d A B4 Fadd
Aol AAlE = dARE viehlgich
Gram -4 T3 Enterobacter aerogenes °l| H &A= 54
Z7 2 717t 5 Auby o g dhAdo] ofgk Ao g2 vielydt)
Escherichia coli®) 73-$- A 22 %ol & 1,500 ppmel A 374
o] vhebytom, 44 20°C 6 7 ol & 1,000 ppmell A, 159 7 o
= 500 ppmel| A StEAd o] vrebdr] A Akgh e 24 A A7k
°ﬂ wet AR o] Friske A FE el e, o]
= HEZAAHE fA18F AE Jepddo
Salmonella typhimurium® 7% A 24 Fol &= g A o]
Uehdr] ekgh et 20°C 697 el g o] vehdr] A=t
gled 1590 H H2 16U AR = = A FA R F <4 Fab
ol = #Alo] A=Y L monocytogenesst L #AHS L}
ehi st}
N8 2% E9] gram FA T gram A3l
A& v a3l gram Aol W ElA E FEFE

SEi Ty

v 9174g 7 gkg vebd ol o]z F71 E/‘é 2o wf £l
Aoz fdEct & gram oFA4 T2 A £ peptidoglycan
o] stlol =& o FrEA o o3 FH & wr|7} o,
Aol wohdd ¥k gram 244 79+ lipopolysac-
charide & 482 2 3}= ¢l we] peptidoglycans B &3}
7] wEell 24317 oY st &Ade] gram Aol Bl
oA f Ao g FAFHACK19).

1 9] AFF3 Aspergillus flavus$} Aspergillus niger=
%‘ﬂ'%“éﬂ A zAF7F AA - 5459 AZERT & &
& Vel 3 9l A e A E A el & &

23945 (Electron donating ahility, EDA(%)=} free radical
inhibition®) 50% I ¥%.4) EDAs(mg/ml)E ] 2s}¢ich
(Table 4).

HelAl ) A 22 T2 0d Al RollA] Faksl a3r) 7
gkom 20°C 154 2 W2 16 oA zh7} aH4kal a4 10.86%
(EDAs = 0.92 mg/mL)2} 10.64%(0.94 mg/mL)°-& 7} =
< GabsAd & Vrebli sl =, o] w2 HejA st B e
71 -3 tHALE vl A A]). o] & 22 311,50 mg/mL)v}

712 (0.94 mg/mL)7} 7R 2 gl & dAaksb A (20) 3 2ot
Zdslcls Axte]n], wdk 1 -ascorbic acid(20)¢+E EDAsS)
73'?‘ 2F 0.30 mg/mL2] o] qke el 9le], 9] £A437)%k
Az A o] e sl = g ke & A 3 gl
2.2 345t ol A E ASE § Hwang 513

poA N'_,



colze - HeA -7 F- oA

rlo

562 18

Ay

Table 3. Antimicrobial activity of the methanol extract of Alaska pollack sik-hae during fermentation

Clear zone (mm)

Microorganism Storage time (day)” 500 pom 1000 oo 1500 oom 2000 oo
0 A 85 105 12.0
6 (A) 95 11.0 135 155
. . 15 (A) - 9.0 11.0 13.0
Bacillus subtilis 31 (A) 90 9.0 115 125
16 (B) - 9.0 125 135
27 (B) 85 9.0 12.0 140
0 - 95 115 125
6 (A) 95 125 13.0 140
. 15 (A) - 85 125 14.0
Bacillus cereus 31 (A) 85 110 120 120
16 (B) - 9.0 115 125
27 (B) 9.0 115 125 14.0
0 85 10.0 125 14.0
6 (A) 100 12.0 135 145
Staphylococcus aureus 3 105 120 120 140
16 (B) 85 11.0 13.0 14.0
27 (B) 95 11.0 135 15.0
O - - - -
6 (A) 95 125 13.0 14.0
Listeria monocytogens é‘? Eﬁ; : %’5 H_‘O 12;5
16 (B) - 9.0 12.0 13.0
27 (B) - - - -
0 - - 115 130
6 (A) - - - -
Enterobacter aerogenes é? Eﬁ; : 8;5 12;5 12;5
16 (B) - - - -
27 (B) - - - -
0 - - 11.0 12.0
6 (A) - 9.0 11.0 115
Escherichia coli 15 (A) 85 95 12.0 125
31 (A) - 95 115 125
16 (B) 85 9.0 12.0 12.0
27 (B) 9.0 95 115 12.0
O - — — -
6 (A) - 9.0 12.0 13.0
Salmonella typhimurium :13? 523 : : 12;0 12;5
16 (B) - 85 115 125
27 (B) - - - -
0 - 95 95 12.0
6 (A) - - - 10.0
Aspergillus flavus é? Ei; : : 9;0 10;0
16 (B) - - - -
27 (B) 85 10.0 11.0 115
0 - 105 135 150
6 (A) - 11.0 115 12.0
Aspergillus niger :1)3 22; : 9~O lég igg
16 (B) - - 10.0 105
27 (B) - 11.0 12.0 125

Y(A): Fermentation at 20°C, (B): Storage at 5°C after 10 days fermentation at 20°C. ¥-: No antimicrobial activity.
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Table 4. Antioxidative activity of the methanol extract of Alas-
ka pollack sik-hae during fermentation

Fermentation period Antioxidant EDAs”
(day) activity (%)  (mg/mL)
0 7.38 1.36
6 (A 7.49 1.34
5 (A) 10.86 092
31 (A) 9.83 1.01
16 (B) 10.64 094
27 (B) 9.83 1.01
L-ascorbic acid” 33.90" 0.65
Small green-onion” (whole plant)  30.54” 1.50
Dropwort® (stem & leaf) 40.66” 0.94

YEDAsy means the sample concentration to inhibit 50% of anti-
oxidant activity ratio.

Z(A) and (B) were referred to comment in Table 3.

¥Reference; Cho et al. (20). “Conen = 0.25 mg. *Concn = 0.50 mg.
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Table 5. Antihypertensive activity (ACE inhibitory activity)
of the methanol extracts of Alaska pollack sik-hae during
fermentation

Fermentation o ICs”
period (day) ACE 0 (pg/mL)
0 ND? ND
6 (A)® 7895 15.83
5 (A) 42.11 29.68
31 (A) 73.68 16.97
16 (B) 52.63 23.75
27 (B) 57.89 21.59
16 (B) 52.63 23.75
27 (B) 57.89 21.59

YCs means the sample concentration to inhibit 50% of ACE
inhibitory ratio.

ND: No detection.

9(A) and (B) were referred to comment in Table 3.
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Table 6. Bile acid binding capacity of the methanol extracts
of Alaska pollack sik-hae

Fermentation period

Bile acid binding capacity

(day) (mM/g)
O NDl)
6 (A)? ND
15 (A) 1271
31 (A) ND
16 (B) 23.80
271 (B) ND

YND: No detection.
?(A) and (B) were referred to comment in Table 3.
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