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Health-promoting Functional Properties of Commercial Sik-haes
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Sik-hae is a traditional Korean salt-fermented seafood having a low salt content and a high concentration of Lac-
tobacillus, unlike most salt-fermented fish and fish sauce, which have a high salt content and low concentration of
Lactobacillus. This study aimed to investigate the health-promoting functional properties of 10 types of commercial
sik-haes. The results showed that for the commercial sik-haes studied, angiotensin-I-converting enzyme inhibitory
activity, DPPH radical scavenging activity, a-glucosidase inhibitory activity, xanthine oxidase inhibitory activity, and
sodium nitrite scavenging activity ranged from 29.0% to 46.3%, 35.5% to 65.4%, 0% to 20.0%, 20.1% to 78.8% , and
17.9% to 82.6%, respectively. Antimicrobial activity against Escherichia coli, Vibrio parahaemolyticus and Staphylo-
coccus aureus was rarely detected. The results on healthy functional properties suggest that the commercial sik-haes
are expected on the antioxidative activity in F-1-F-5, AP-1, BES, and S, xanthine oxidase inhibitory activity in the
other 9 types expected for A, and sodium nitrite scavenging activity in the other 9 types expected for AP-2.
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ol 7HA] 27 715574 0] I H AL 1AL, W Srofl = A A of w
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1994a, 1994b) 53} 28 A% Wlol] ot 917, W % 4
sh2] Wl n| A 5514 EA]of #3E A--(Jung et al., 1992; Koo et
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o) 413 15(S)1& AN 2 AT, ol 5ol et ek
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Al Alafe] dz A HElS AlQIgh 459 ol F[EA|
(A), 3HH(S), 7HA|(F) ¥ EF5(BES)|& 2 Zufitol9l
31, ef(A) 4K AlORDoI ik ol 5 ATk A3 105
o] 719] 7}4-2-7,900-17,0009 1 $10] L, Tl T} 500
1,000 g o] $let

7% 54 597

AL 9 Sk ) ASE S8 A0 AR Lee
and Oh (2002)7} gt ®frgofl whet A8f 20 g& Fat4le =
F5ko] 180 mL o] Ha A ] A1 84(0.85% NaCl)E Y11 90=
FE3RRE 3 1071 34 o =2 B Asto] Al 25}qiTt.

AbAlat B 2 s A 2] Al=E 242 plate count
agar (Difco Co. Ltd, Detroit, MI, USA)2} deMan Rogosa
Sharpe medium agar (MRS; Difco Co. Ltd.)of] 1 mL# Z}z}
HZslaL o] S v F(L RIS 79 3T°CollA] 48417, Rkt
o] 79 30°Col 4 24-28X17ste] WA Heke Asestol 7t
7 vehy gk,

Angiotensin—I converting enzyme (ACE) X3l &4

ACE A3l 24 2748 A4e A== A3 100 g A
QA sk A FAR sl P71 ¥(ww)el
methanol& 7}8}aL 64|17t -5-¢F wytsto] 25 W o ujgh & 3]

4] A3-=47](Eyela N-1000; EYELA, Tokyo, Japan)& =
24170 b 2] tfsto] 10v)(viw)2] 2R 85 2 of
sato] Azaholc.

ACE A 3}] &4J-2 Horiuchi et al. (1982)2] ®H o] wle} Zor-
bax 300SB C, column (4.6 x 150 mm; Agilent Technologies,
Santa clara, CA, USA)o] A2 HPLC (LC-10AVP; Shimad-
zu Co. Ltd., Tokyo, Japan)= 43} c}. =, ACE #|3l 4
2 HAAE A& 15 uLef AA 60 mU ACE from rabbit lung (
Sigma-Aldrich, St. Louis, MO, USA) 50 uLE 7}3+ % prein-
cubation (37°C, 5E)A1A AZ3IATE o]o]A] A ] A=
0.1 M sodium borate ¢+ (pH 8.3, 400 mM NaCl )
of] -&-3fjt 5 mM 2] N-hippuryl-histidyl-leucine (HHL; Sigma-
Aldrich) £ 125 uLE 7}8}a, o] 7] o] ThA] ¥RS(37°C, 304)

Table 1. Sample code and brief specification of commercial sik-
haes

Raw fish

Manufactured goods
Weight Price  Code

Fish species Origin Location () (won/bottle)
..500 12000 P
Sokcho 500 8,900 F-2
Flounder Domestic %00 11,900 F-3
Yeongdeok 500 7,900 F4
Samcheok 1 000 17,000 F-5
10,000  AP-1
bolock  (Ruseia) SO0 800 e
Séif;rfdged Domestic Yeongdeok 500 10,000 BES
Sandfish Domestic Sokcho 500 7,900 S
Anchovy Domestic  Sokcho 500 8,900 A
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DPPH radical sacvenging activity (%)
= [1-(sample absorbance/control absorbance)] x 100

a—Glucosidase sl &4

a-Glucosidase #]3]] 2-4]-2 Watanabe et al. (1997)2] FHo
2 2433k ol a4t ar 2R E Uo7 o-glucosidase
[0.2% (w/v) bovine serum albumin} 0.02% (w/v) NaN,< g
-8t 100 mM phosphate buffer (pH 7.0)E- ©]-8-5}¢1 0.7 ug/mL
2 B4 ZA1E, 718 pitrophenyl-a-D-glucopyranoside
[100 mM phosphate buffer (pH 7.0)5 ©]-&35}¢] 5 mMZ ¥
Al ZANE, 12) 11, a-Glucosidase #|3f) T 248 A A 2] A|
=+ ACE A8l 84 548 AA2] Al& 100 uLE dimethyl
sufoxide (DMSO) 900 uLoj| &0 A A& AR5 T

a-Glucosidase A3l €42 714 A7t A FF=[AA 2] Al
7 gH( 272 42 DMSO) 10 uLe} F 2 -8 50 uL2 2}
B &2 H7Iekal St th, 58 E e Aol 4] BREAIZ] o
405 nmof| A S41e}F 7148 471 5 S (o] Mo &3t 23
ol 718 894 50 uLE 71t oh3 52 F e Aol A §hE-A]
21 30l 405 nmoj A Z78)E 22 SA7E Fof| 718 M7 AS
o] Hahe F g 0| Aol m e AFEstlar, 24 AR 339] 1t
& Rskglon, o] 59 Hal A = vrEh Qic

Xanthine oxidase A&l &4

Xanthine oxidase %3} &4J-2 Stirpe and Corte (1969)2] -

flo
T
2

CupA - QA1 - A4

ol whet £ 5k3iTh <, xanthine oxidase #]sf 2/d 9] &7
< 9J3to] 71742 2 mM xanthine [0.1 M potassium phosphate
buffer (pH 7.5)°1 -8-3l] 0.4 mL2]| 0.2 unit xanthine oxidase 0.2
mL&e} ACE A3 &g 5748 AA 2] Al& 0.2 mL (Hx2+oll=
A2 A 225202 mL)E 718k, 37°CollA] 5571 RS-
AZ1 tHe 20% (viv) TFA 1 mLE 7}8ho] Hhe-& ZR A7}
o] o] Al HRSE-S 241 EE](20,000 g, 102) 2 o }3o] of o]
AP uric acidS 292 nmoll A FYES 245k, 0l ohe

40,2 A¥ato] L it

Xanthine oxidase inhibitory activity (%)
= [1-(sample absorbance/control absorbance)] X 100

7] €442 Gray and Dugan (1975)2] ®s o )
2} 74353tk 5, ACE Asl 4 548 AA 9 A= 0.5 mL
[+ A A& iAol S7E 0.5 mL 37Hel 1 mM
NaNO, &4 1 mLE 7Fstal £33t th, 1 N HCIZ pH 1.2
2 84T F WSGTC, 1T olojA] 189l 1 mL
£ 33l 2% (v/v) acetic acid £ 5 mLe} Griess A]2H30%
(v/v) acetic acid2 & Z+7} ZA3t 1% (v/v) sulfanilic acid2}
1% (v/v) naphthylamine& 1:1 (v/v)2] H]-&2 &3lslo] A=
gt 2] 0.4 mLE 7}gt ths &3kshal 25°ColA] 1587t A5t
3 spectrophotometer (UV-VIS 1700; Shimadzu Co. Ltd.)&
ARE-SEo] 520 nmofl A B EE S, thy Al o' AL

3o Lhehgict.

Sodium nitrite scavenging (%)
= [1-(sample absorbance/control absorbance)] x 100

3t 492 Kim et al. (1999)0] 2153t Bh ol whe} paper
diskid o2 AAstgct. Als e B4 B0 g BHE
A B o g AFEd 27 B4} B 1% P 15
(Staphylococcus aureus)} 13 23t 23&(Escherichia coli,
Vibrio parahaemolyticus)S 3Harn] Y& ZAE] o A Fofk
oF ARE-5HRLAL, oofl Thgt AAIRE W85 Table 29} At} o=

Table 2. Reference bacteria used for measuring antibacterial activity

Gram’s stain Bacteria Strain No.  Medium

(+) Staphylococcus aureus I§1C7((33IXI MuIIZZ:rinton
Boerctacol isgo g

¥ Vibrio parahaemolyticus lﬁ;g%'\él MU"ZZ ::nton




w5 Z47F = Bk i) 21l 6 mm 273 9] paper disk
(Advantec; Toyo Roshi Kaisha, Ltd., Tokyo, Japan)E &1’
ACE A¢lf 2744 5748 dA2] AlRE 40 uLA LA sHA| 71t
o WoH3TC, 24X17h3kd A% A ghe] 4G ZAel3
o}, olu} gt B Aol ofste] AT S A gke] 217
27)(mm) & LR it

Sz

= A olA Lol dlolE 9 = HAF H Fod A%
T2 )2 SPSS =74 9|71 #|(SPSS for window, release
10.0.1)0] 23k ANOVA testZ o]-&5to] EARELASE & Dun-
can®] THE1 S A Alsl9c:

Al Asf 105 {7HA0] A8l 5E(F-1-F-5), & A8 2%
(AP-1, AP-2), =25 A8l 15(BES), 4| A8l 15(A) % 31
of Asl 15(S)19] dubAltat 2kt s A= Fig. 13}
2t Al A8 9] AR T 6.18-7.92 log CFU/g 9]
0]glaL, o]i= S7} 7FAF =¢kal, the-© 2 F-4 (7.72 log CFU/g),
F-1 (7.45 log CFU/g), F-5 (7.32 log CFU/g), F-2 (7.11 log
CFU/g), AP-22} BES (.5 7.08 log CFU/g), AP-1 (6.95 log
CFU/g), A (6.94 log CFU/g)%] <=0]%l.o™, F-37} 7H4 Qe
ouf AP-29} BESZFO| UubAlt &= 1214 Q1 Afo] 7} Q17
EZ] AUTHP>0.05). A& ofFH Al59] RtAldt FEe Al
7 71Rbu] 28] 5E(F-1-F-5)2] 3£ 6.18-7.72 log CFU/g |
flol%laL, o5 7] A oA 07 F-47}1 7P =340, oy
© =2 F-1 (7.45 log CFU/g), F-5 (7.32 log CFU/g), F-2 (7.11
log CFU/g) 4201921, F-30] 7} WoItH(P<0.05). el 4]
3l 2(AP-1, -2)¢] - AP-27} 7.08 log CFU/g O, AP-19]
6.95 log CFU/gol| H|3}o] 2] © & &=9tH(P<0.05).

Al Al 1022] BANE 5% 4.97-6.62 log CFU/g H9
2, F-4 714 &=k, thS-© & AP-2 (6.51 log CFU/g), S (6.48
log CFU/g), F-5 (5.97 log CFU/g), F-2 (5.91 log CFU/g),
F-1 (5.89 log CFU/g), E-3 (5.78 log CFU/g), AP-1 (5.73 log
CFU/g) 2 A (5.51 log CFU/g)2] 4=0]9]. o1, BES7} 714 &
At ojuf Al Al o] Akt st F-13F F-2 7+9] 49 &
o2 Q1 2po] 7k RATHP>0.05). A= o FE Aalje] 2Aikt &

L A= 7kApa] Als) 5%0] 2 5.78-6.62 log CFU/g #1 9]
o]¢laL, Wel Ala] 2% 7he] A< AP-27}1 6.51 log CFU/g O & |
AP-19] 5.73 log CFU/ge] B|3}o] 1-2]2 2 & 24tH(P<0.05).

3, Kim et al. (1994¢)-2 15°Col| A4 2047 & A7 9 A4 o
A5)|0] A e 2hE 10940] 9.97 log CFU/g 2
|25 vebd o] %, Zakt FEs HAE 15979 8.56 log
CFU/go & A& vephd o] F Zrassglekar B gk vl 9l

7% 54 599

- _LM‘ 7 450
- —ﬂl T are
o —_‘5‘-?‘; .
E-4 6.62 -
E ] 597 7.321
Q
UAP-1 5.73¢ T
AP-2 87 08
BES 4,97 e
A 5510 604
S M.mz
0.00 2.00 4.00 6.00 8.00 10.00

VCCILAB (Log CFU/qg)

Fig. 1. Viable cell count (VCC, O) and lactic acid bacteria (LAB,
m) concentration of commercial sik-haes. 'Codes [Flounder (F-1,
F-2, F-3, F-4 and F-5), Alaska pollock (AP-1 and AP-2), Black
edged sculpin (BES), Anchovy (A), and Sandfish (S)] are the same
as explained in Table 1. 2Different letters on the data in the same
item column indicate significant differences at P<0.05 by Dun-
can’s multiple range test.

t}. 71231, Cha et al. (2004)2 20°Col| A A7 Hef 2]
AN Ft A e W 10975 o)l 242 9.41 log CFU/g
% 9.08 log CFU/g o= 2|t A& Lrebd 5 A 4] 8] ZH2-353ith
1 K 31319 31, Koo et al. (2009)2 W} 218) 2] AnkA] 2] &

= 2ol A TEZEEEAT F 4 Co| A 15U EaAIZ A
0] 8.64 log CFU/g 0 & 3713t &, ikt 5= 4204 94
A & 4°Coll A 97 A A A o] 8.70 log CFU/g
o7 F71eE - Wi haskqivkar B gk uf Qi)

ol/Fo] gtk Aol UNtAltat ikt o] AWE njR
of Kol 1L Adlo| A HAZ o] &3t Al Al 105¢] Kim et
al. (1994c), Cha et al. (2004) ¥ Koo et al. (2009)2] |2 gF
BN Ax3 AAESET DA ot Al A= 75
< ndsto] A WA 7|7k o[ Hol s S dEstgl et 5
e et
ACE Xalf &4

FEuEtell A= ALY A Eetet QIEe) RSt T o= 1Y
o AL F48] F7EskAL Q1AL o] = Al AIH SR = o )7} o}
Utk TEA2 AT, HEF AR Y S et
o o] = QIgk 4] A A5}, Aol A7 AFAIE A4, F7HA
O|gH| A5 W AME S7HE Zdigtch ot Asfd +3 9
%% o] = renin-angiotensin system©] 1§ & Q 3t 913k S}




600 QL - gl - uag -

(Saxena, 1992; Daza-Rodriguez et al., 2023). AFgHol] £A)|5}=
renine %71 prorenin®] FE|Z A4 HH|E| o] Folf i
= 22 of| 24 351= protease?] kallikrenin®]| 2]3fl renin &2 7
3tz o] 7hol| Al A4l EH|E angiotensinogen=- angiotensin 1.2
2 ZZA] 71T}, o] angiotensin -2 decapeptide = A EQF AM5
of| 523 92 5}+= angiotensin I19] %14 TS 5, Ay
2SS 7HA AL A= AL A, 4, DA Fofl Ak
ACE®] 2+-8-9]| 2]3f| angiotensin [1= tf 7 H2HEl T}, o] A
Y73 % angiotensin IIi= ¥+ B Lol 2884 E & 64l
71 7 Eet @ 58-S 7RISR Qs g go] of7| =
of A AFS| A 0= A7} E AL Qlek. S A Agke
24 o] 7] wioll Azt A7 EAIE oI5t 1 E
ol 2| =l AIpA QI Fe 76t 715 7H A7 71648 Al
o] 7rolut 77FAE2] Tlto] A At}

olgfgt dreof A Alefo] A1t o]- 82 HA o= Al Algf 10
F[7HA] Al SE(F-1-F-5), "8 A8 2F(AP-1, AP-2), &=
F5 A8l 15(BES), B4 A8 15(A) 2 3t Als) 15(S)]
9] ACE Al /45 HES dab= Fig. 29} &t Al A5
1052] ACE #J3l] 242 29.0-46.3% H o[, o] 2] Hat
= 37.8%% ZFEStA= oo FAIS Y of it A
T A8l 105 7He] ACE A8l /32 BES7} 7H4 =9k 3L, th
2 A (453%), AP-1 (40.1%), S (38.9%), F-3 (38.7%), F-2
(38.6%), F-1 (38.1%), F-4 (34.2%), F-5 (29.3%)2] :0]91.0.
™, AP-27} 71 Wttt ojuff Alst A8l o] ACE A3l 2/d-2
F-5¢} AP-2 7k, F-1, F-2, F-3, AP-1, S 7}, BES9} A 719] 49
]2 Q1 2ol 7} R ATHP>0.05).

= o}FH Alaljo] ACE Ao} &/ Als 7habn] A8f| 5%
9] AL 29.3-38.7% Wo|%l a1, F-37} 7P =931, oo &
F-2 (38.6%), F-1 (38.1%), F-4 (34.2%) 2 F-5 (29.3%)°] 20|
oL, F-1-F-3 7+2] 79 722191 2ol 7k AATHP>0.05).
E3h Hel Al 2% 719 AL AP-27}F 29.0%=, AP-19]
40.1%0] H]3}o] 5-0]21 © & LrokthP<0.05).

2HH, Cha et al. (2002)2> Hef A3 20°CollA] WasHil<
o] ACE #|3f] S/ Al = 2| 9] 79 LepuA] ohokar, 644
°] 72-79.0%, 1547 2] 74-9-42.1%, 314A] 2] 4L 73. 7%=
e lokal B argk vl 9laz, o= HE| A]8¢] ACE A|sf &
2 FA R o3t FFETI= U F YRolY Tl o] 7}
Tl =] o] /3 peptidesoll o3k aFoletar Harghuf 9l
t}. 3L, Choi et al. (2001)T}Cha et al. (2002)2 uF= @ %] o]
Alefet uk2 e Al e] ACE A3l €/ hexane &+t &
3] Bof| A 9] - UERA] 949111, ethylacetate 227} butanol
ZtollA o] A5 1C o] e 27of Alal7t 22t 1.623 mg/
mL % 1.303 mg/mL, v} ge] 287} 22} 1.462 mg/mL 2
1.207 mg/mLo]glctar H 315t v} Qi) o]9} Z-& Cha et al.
(2002)T} Choi et al. (2001)2] el 2l3]e} b2 2 Zo] 213},
“12]a Al Algfjoll tigk ACE #J8f| &g 9] B et Aut g u| &

F-1 13812
F-2 | 38.60
E-3 387

F-4 i34.20

& F5 2030
©
S
AP-1 401
Y —
BES v 46.3¢
A } 45.30
s ] 38.9-
0 20 a0 60 80 100

ACE inhibitory activity (%)

Fig. 2. Angiotensin I converting enzyme (ACE) inhibitory activity
of commercial sik-haes. 'Codes [Flounder (F-1, F-2, F-3, F-4 and
F-5), Alaska pollock (AP-1 and AP-2), Black edged sculpin (BES),
Anchovy (A), and Sandfish (S)] are the same as explained in Table
1. *Different letters on the data indicate significant differences at
P<0.05 by Duncan’s multiple range test.
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Fig. 3. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scaveng-
ing activity of commercial sik-haes. 'Codes [Flounder (F-1, F-2,
F-3, F-4 and F-5), Alaska pollock (AP-1 and AP-2), Black edged
sculpin (BES), Anchovy (A), and Sandfish (S)] are the same as ex-
plained in Table 1. 2Different letters on the data indicate significant
differences at P<0.05 by Duncan’s multiple range test.
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Fig. 4. a-Glucosidase inhibitory activity of commercial sik-haes.
!Codes [Flounder (F-1, F-2, F-3, F-4 and F-5), Alaska pollock
(AP-1 and AP-2), Black edged sculpin (BES), Anchovy (A), and
Sandfish (S)] are the same as explained in Table 1. *Different let-
ters on the data indicate significant differences at P<0.05 by Dun-
can’s multiple range test.
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Fig. 5. Xanthine oxidase inhibitory activity of commercial sik-
haes. 'Codes [Flounder (F-1, F-2, F-3, F-4 and F-5), Alaska pol-
lock (AP-1 and AP-2), Black edged sculpin (BES), Anchovy (A),
and Sandfish (S)] are the same as explained in Table 1. *Differ-
ent letters on the data indicate significant differences at P<0.05 by
Duncan’s multiple range test.
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Fig. 6. Sodium nitrite scavenging of commercial sik-haes. 'Codes
[Flounder (F-1, F-2, F-3, F-4 and F-5), Alaska pollock (AP-1 and
AP-2), Black edged sculpin (BES), Anchovy (A), and Sandfish
(S)] are the same as explained in Table 1. 2Different letters on the
data indicate significant differences at P<0.05 by Duncan’s mul-
tiple range test.
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Table 3. Antimicrobial activity of the commercia sik-haes

Diameter of inhibitory zone (mm)
Raw fish  Codes’ Staphyiococcus Vibrio parahae- Escherichia

aureus molyticus coli

F-1 7.0£0.0° - B

F-2 7.0£0.0° y T
Flounder F-3 7.00.0° -

F-4 7.0£0.0° y

F-5 - - -
Alaska  AP-1 7.0£0.0° -
pollock  Ap-2 7.00.0° - -
Black
edged BES 8.3+0.6* - -
sculpin .
Anchovy A . ...90£00° iy
Sandfish S 7.7£0.6%° - 7.0£0.0°

!Codes [Flounder (F-1, -2, -3, -4 and -5), Alaska pollock (AP-1
and -2), Black edged sculpin (BES), Anchovy (A), and Sandfish
(S)] are the same as explained in Table 1. 2Different superscripts
in a column indicate significant differences at P<0.05 by Duncan's
multiple range test. 3-, Not detected.
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