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Sensory Characteristics of Commercial Sik-haes
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Sik-hae is a traditional and well-liked salt-fermented seafood with a low salt concentration in Korea. However, it is
challenging to find data on market degradation. This study was conducted to investigate sensual characteristics, such
as taste, odor and color, of 10 types of commercial Sik-haes [flounder (5 type), Alaska pollock (2 type), black edged
sculpin, anchovy, and sandfish] as basic data for developing new products. The salinities of the commercial Sik-haes
were significantly difference in the range of 3.0-6.7%. The pH and total acidity of 10 types of commercial Sik-haes
were 4.45-5.24 and 0.84-1.46 g/100 g, respectively. The amino acid nitrogen and free amino acid contents, and total
taste value were 72.0-333.0 mg/100 g, 425.6—1,726.4 mg/100 g and 17.0-115.9, respectively. According to the taste
value, the major taste-related amino acids were aspartic acid and glutamic acid. Volatile basic nitrogen content and
Hunter redness value of commercial Sik-haes were 24.5-80.9 mg/100 g and 10.9-28.5, respectively. However, food-
grade additives, such as citric acid and monosodium, are occasionally used in commercial Sik-haes to achieve a lower

pH or enhance flavor and aroma.
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n], Fof, 7iAtu|, 98, o]
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Table 1. Sample code and brief specification of commercial Sik-

haes
Raw fish Manufactured goods
:;)s;cies Origin Location W(egi]g);ht (woz;it?citle) ot
...... 500 12000  F4
Sokcho 500 8900  F2
Flounder Domestic 500 11900  F3
Yeongdeok 500 7900  F4
Samcheok 1,000 17,000 F-5
10,000 AP-1
bolock  (Russia)  SOkcho 800 i
Black
edged Domestic Yeongdeok 500 10,000 BES
sculpin
Anchovy Domestic  Sokcho 500 8,900 A
Sandfish Domestic ~ Sokcho 500 7,900 S
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A
o2
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(A Alorshol gt o] & ATk A8l 105-9] +4 7HA 2 7,900
17,0009 Helo]¢laz, o] ©9]= 500 go] 9E(AP-1, AP-2,
F-1,F-2, F-3,F-4, A, S, BES), 1,000 go| 1&(F-5)0| It}

Of (pH, BEME HE, ofo|At &A 2 L2|oto|
LAY
3

pH, 2784 9 opu| Ak A4 o] S-S R Alae
A5l 5 gofl gol&4= 20 mLE 7Fstal #A3e o5 -850
mL)5}aL, o sto] A28ttt pH f1olA gt HA e
AlZE pH meter (Metrohm 691; Metrohm, Herisau, Swit-
zerland)2 SA5t0] e 131, AAANE = Beddows et al.
(1979)2] o] w2t A| 2 25 mLof| 0.1 N NaOHZE 7}5}o]
pH 8.47} 2 wj7}A] A7t ths 71 AH]F (mL)& A4 = ¢
2HEHHAIS= 0.009)510] LHERH ATt

HE=e AEEA(MEDS, 2022)0f1 A 2153t 3|3h 0.2 AA]
skl AA A=A oF 1 g& T3k Qe AR
8 Ao A SR AZRSE S 3|52 (J-FM 2; Electric muffle
furnace, Jisico Co., Gongju, Korea)ol| 4] Z3}tA]7 o]& =of
0|3l ThA] & 7Fsto] 500 mL2 -8 A ol afsho] A 2513d
th de= AR A 10 mLojl K,CrO, Al 23922 7}
5131 0.02 N AgNO, 84 0 2 24 sto] A=3513iet
ofu| Ak A A RS formolH(Park et al., 2006)°] w2} %]
A S0 FrE ARl T4 2289 8N4 20 mLE 7}
5kal, 91719 0.1 N NaOHE 7}sto] pH 8.47} & wj71#] 24
eF oh& 71 28[EH(mL)S o]-§-3to] AhEsoiTt. ofuf ghit A
4= 0.00142 3}k

Seloful i B4 95 A 2] Al Aae] 2L
A= sto] thEak 2 W o & 2AskIt A A 2] Alwe] =
AE flste] AAIE «tASFstaL, of7]of 20% (w/v) trichloro-
acetic acid (TCA) 30 mLE 7}sto] A3 tha 4-8(100
mL) 3 24:22](1,000 g, 10 min)slgict. A Alms
AEES A5 F 80 mLE ENZ4uf7]o Ho}al, 552
etherS ARE-510] TCA A A 378 43] W3 ok o] & 55
3} lithium citrate buffer (pH 2.2)2 A-8(25 mL)3}o] A =35}
Atk Felom|ieAke] glolE= M e Almo] dAEE o8-
3fo] on| Ak AHEEA 7] (Biochrom 30 plus; Biochrom Ltd.,
Cambridge, England)2 £43}41, 54 2 AAlsto] At

Taste valuet= 4131 9] Btof| gt 7F 5 A H 7| $]5to] AA|
Sh=gtEo g Al5) 9] (-gotu] Ak §HEF2 Kato et al. (1989)
o] A A3t S-g]o}u] At taste thresholdS ©]-83}¢] Cha et al.

(1999)7 & v o =2 ALFsto] e it
DRI ESES
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H(Cobb et al.,, 2006)0.2 Z4sI3ict. A7 H 4 THF
o 24 SIet AAfE AEe A W= 10 goll 7SS
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NEMATICA AG, Littau, Switzerland) 2 157+ #2347 %
o 2psto] A=At 184 |71 4 2 Conway unit]
o] ¢ %ol A2 Al & 1 mLE, 225 50%
(W) K,CO, I mLE, W42 74-¢-0.01 N H,BO, ImL} [ A]
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i 2ALYHA E501 & TS 37°CollA 12023 WA AL,
Hh-3-0] £t 5 Conway unit 2|40} 0.01 NH,SO, -8 © & 2
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BlE| MZ

ae] e A (A=) A1) B82S food mixer (FM-
700W; Hanil Electrics Co., Bucheon, Korea)= 57t w43t
ohg o] 34 §7]0] Hot He| AR ZE 2000; Nip-
pon Denshoku Industries Co., Tokyo, Japan)2 7 5}%tt. o]
o AE A S| EE WS Lgko] 96.85, agho] -0.43 2 b
2ol 0.64019ick.
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kawachara et al., 2003; Kim et al., 2023). |5 A|3 A3} 10
% 71] pH:= S7} 4452 7P W9k, TS0 & F-4 (4.46),
AP-2 (4.47), F-5 (4.74), F-2 (4.76), AP-1 (4.85), F-3 (4.86),
F-1 (4.88), BES (5.13) & A (5.24)2] 2=0]]t}. o|u} F-42} S
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Fig. 1. pH and total acidity of commercial Sik-haes. '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. >The different letters on the bar
in the same item column indicate significant differences at P<0.05.

ACHP>0.05). Y& o]FH 4819 pH= Al 71Abn] Alsf 5
F(F-1-F-5)¢] 73$- 4.46-4.88 {1 910|911, o] 5 7] A%
o|& 0 & F-47} 714 Wokal, TS0 & F-5 (4.74), F-2 (4.76),
F-3 (4.86) 9 F-1 (4.88)2] <2012 2 H(P<0.05), Al HE 4]
3} 2Z(AP-1 @ AP-2)2] 7% AP-10] 4.85%, AP-29] 4.479]
H]alo] G027 0 g 1=9lth(P<0.05). 3HH, Kim et al. (1994a)
2 15°CollA 1047 HaAIZ] 24 of A3l pHe| 7$- 4.5 o]
1=, Choi et al. (2001)& A& 24 o] A8 5&2] pHO| 7
2 4.16-4.38 ¥ 9=, Koo et al. (2009)-2 A0 A 7U7F ke
AJZ1 & 4°Col|A] 38U7 a7l A2 pH= 4.5 F-olqlrt
I B sk v glch

Azt A8l 100 g G 274 e = FA 105:2] 4-9- 0.84-1.46
g W9lo] 1, A7} 7F Whorar, the-© & BES (0.86 g), F-1
(1.18 @), AP-1 (1.22 g), F-39} F-5 (5 1.24 g), F-2 (1.28 g),
AP-2 (1.39 g), F-4 (1.42 g) & S (1.46 g)2] <=0]3] o1, o]uf
BES®}A 7F 71Abn] 418 42(F-1, F-2, F-3, F-5)7 AP-1 71, 7}
Apm] A3l 4(F-2, F-3, F-4, F-5)3} e A]sf 25(AP-1, AP-
2) 7k, 7PAk0] Asf 25(F-2, F-4), AP-29} S 7k 79 #-914]
Apo) 7k GLSATHP>0.05). Ui o} 5 Al 48] 100 g I 7H4
0] A5 550] 79 1.18-1.42 g H 9]0l o] 52 F-47} 7}
% $=9kaL, F-10] 71 wol, o] 2% Al 7+e] 7494k #9411
2ol 7} A1 01(P<0.05), Y A AlFE2 o5 Al 1+l 4
© 9 0|7 e] x}o]7} ¢ ATHP>0.05). T3F, Al He] 415) 100
g o 2% 7Ho] AAAME = AP-10] 1.22 gO & AP-29] 139 g
of ujste] Wekouk 5921 2ol 7t 1ATH(P>0.05). THH, 4]
3l 100 g & A QA== Kim et al. (19942)2] 749 9 A o] = &
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Fig. 2. Salinity of commercial Sik-haes’. '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. °The different letters on the bar indicate significant dif-
ferences at P<0.05. 3The data were quoted from Choe et al. (2023).
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OF L2 APAR W] Ro] £ uf o] 5 A3 A8 9] pH7F AL, A%
APE7F el AlE-S AP-29f o] U {714 H7lekE 79
£ AleiFtehd A2 ol Al AR 0) 2AJH] H) e
SHE ARl 79 2AHE oA A G 24 TE
AA ZAte] EAdste] ofgt theke] §714ke AAAIZ7] o
Hole} TehE]QIth(Han et al., 2013). 3H, ] A8 ] pHE}
24 o] gt ARp= vl o] Kol Al A5] AlBke: S}
7V 7As AoR ¢ &E9lal, TS0 & F-4, AP-2, F-5, F-2,
AP-1,F-3,F-1 2 BES9] 4= 0 & 24 x|gl o] A7} 7} e
Zow 2=t

ATk A3l 105-9] Hell B Aah= Fig. 29k 2k Al 4]
3ol HE==3.0-6.7% W= 0L, ol A AT REAE
9] sl A o] A9l ¢F 20% o4 (Liu et al., 2017; Kim et
al., 2023)0l| B]ate] 2Hda] dof, ARIE 9] 4HE A% 29l
F9 shel 1= E gulgrh= HollA 4ds] ou|7t glrt
I E|Qlc). SHA, UubH o R Aol tigh otk Ak
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Fig. 3. Amino acid-nitrogen (amino acid-N) contents of commer-
cial Sik-haes. 'Codes [Flounder (F-1, -2, -3, -4 and -5), Alaska pol-
lock (AP-1 and -2), Black edged sculpin (BES), Anchovy (A), and
Sandfish (S)] are the same as explained in Table 1. *The different
letters on the bar indicate significant differences at P<0.05.

39 olAfel 29 =7 4 gloth, o] % HA 02 HHsH 5
HE= 5% o1 AP-2 (5.2%), A (6.7%) 5 A &7 L A] Al
A3 85:0] 79 27 £A7} 912 02 ke g,

Al Al 1050] Thala Zaff = o] A E2A Hito] of
2} gttt 3] 2|2 A] A2 ofn| Ak 4 F(Chaveesuk
etal., 1994)3} 2] opu] At ShEH T, 7kxtu] A8l 15(F-5) Al
Q|1 717} Fig. 3 & Table 29} Zth. Al Al 100 g & 105
9] oAl A4 FEEL 72.0-333.0 mg HEo|, o]l= A
7} 74 =9k, TRe0 & AP-1 (321.5 mg), F-3 (283.9 mg),
BES (282.4 mg), F-1 (262.8 mg), F-2 (175.2 mg), F-5 (134.4
mg), S (92.5 mg), F-4 (82.1 mg) ¥ AP-2 (72.0 mg)2] 0|3}
o} o]uj BESS} F-3 7k9] ofulieih A ke 014121 o]
7} AAEA] QEQITHP>0.05). FY Y= ofFHE 48] 100 g F
O] opm|ieAk A e Alg ZhAbm] Alel] 5F-0] 82.1-283.9
mg o], o= FOH OB F-37} 7P =30, Tt o &2
F-1(262.8 mg), F-2 (175.2 mg), F-5 (134.4 mg) & F-4 (82.1
mg)2] 20]9101(P<0.05), Al Heh A3} 25 ko] of]ie
AF A4 SEF2 AP-19] 321.5 mgo 2, AP-29] 72.0 mgof| H]
3to] o2 0.2 ETH(P<0.05). T, Al 271041 23]
TREAIZ] A8 100 g & ob] it A4 FHks wigh Asfo] 7
£ 130 mg (Koo et al., 2009), Hel| 2132] 7% 250 mg (Cha
etal., 2004), 7}Ap0] 2189 74-$- 290 mg (Lee et al., 1983), &
Aol Alale] 7% 80-116 mg (Choi et al., 2001) EX 300 mg
(Kim et al., 1994a)o]2t1 B 1% v} lof, A3 2] ofu] Al ]
2 GeFo AT (AR} B4 W monosodium glutamate
(MSG) 53 22 729 57 ol &foll e 4 229 7|1t 5
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Table 2. Free amino acid contents of commercial Sik-haes

alopul Al 2FIFS 425.6-1,726.4 mg #2Io| 2Tk Al 4
3 100 g & Fefotn|=At Sk AZF 7 =9k, T
2 AP-1 (1,549.3 mg), F-3 (1,433.3 mg), F-1 (1,314.2 mg),
BES (1,298.5 mg), F-2 (833.2 mg) So|3l.on, 1ju]7] 3%
A2 A9 500 mg ©]5HS (485.3 mg), AP-2 (428.7 mg)

F1

Amino acid

-1 -2 -3 -4
Phosphoserine 7.9 (0.6) 6.7 (0.8) 8.6 (0.6) 3.0(0.7)
Taurine 72.3 (5.5) 41.7 (5.0) 67.4 (4.7) 23.0 (5.4)
Phenylethylamine 19.7 (1.5) 15.8 (1.9) 27.2 (1.9) 11.1 (2.6)
Aspartic acid 21.0 (1.6) 15.0 (1.8) 34.4 (2.4) 11.5 (2.7)
Hydroxyproline o 1908) 42005 86(08)  34(08)
Threonine 64.4 (4.9) 34.2 (4.1) 67.4 (4.7) 22.1 (5.2)
Serine 30.2 (2.3) 17.5 (2.1) 37.3 (2.6) 13.6 (3.2)
Glutamic acid 181.4 (13.8) 251.6 (30.2) 452.9 (31.6) 49.8 (11.7)
Sarcosine - - - -
o-Aminoadipicacid L2602 080 2902 0 09(02)
Proline 126.2 (9.6) 67.5 (8.1) 120.4 (8.4) 38.7 (9.1)
Glycine 61.8 (4.7) 38.3 (4.6) 53.0 (3.7) 20.0 (4.7)
Alanine 119.6 (9.1) 70.8 (8.5) 126.1 (8.8) 41.7 (9.8)
Valine 63.1 (4.8) 29.2 (3.5) 64.5 (4.5) 20.4 (4.8)
Cysteine L39003) 5807 72(05)  17(04)
Methionine 34.2 (2.6) 21.7 (2.6) 28.7 (2.0) 10.6 (2.5)
Cystathionine-1 1.3 (0.1) 2.5 (0.3) 4.3 (0.3) 0.4 (0.1)
Isoleucine 38.1 (2.9) 15.8 (1.9) 27.2 (1.9) 8.1 (1.9)
Leucine 73.6 (5.6) 40.8 (4.9) 65.9 (4.6) 24.7 (5.8)
Tyosine 2602 25(03) B N 4 L B
B-Alanine - - - -
Phenylalanine 49.9 (3.8) 23.3 (2.8) 48.7 (34) 16.2 (3.8)
y-Aminobutyric acid 173.5 (13.2) 32.5(3.9) 21.5 (1.5) 43.4 (10.2)
Ethanolamine 18.4 (1.4) 1.7 (0.2) 12.9 (0.9) 3.4 (0.8)
Hydroxylysine . 26(02) 33004) 2902 09002
Ornithine 171 (1.3) 14.2 (1.7) 21.5 (1.5) 94 (2.2)
Lysine 84.1 (6.4) 45.8 (5.5) 71.7 (5.0) 30.6 (7.2)
1-Methylhistidine - 1.7 (0.2) - 0.4 (0.1)
Histidine 145 (1.1) 10.8 (1.3) 21.5 (1.5) 6.8 (1.6)
SMethylhistigine L1300 : : :
Anserine - - - -
Carnosine - - - -
Arginine 21.0 (1.6) 17.5 (2.1) 27.2 (1.9) 8.1 (1.9)
Total 1314.2 (100.0) 833.2 (100.0) 1433.3 (100.0) 425.6 (100.0)

!Codes [Flounder (F-1, -2, -3, and -4), Alaska pollock (AP-1 and -2), Black edged sculpin (BES), Anchovy (A), and Sandfish (S)] are the

same as explained in Table 1.
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Table 2. Continued

Amino acid 1 AP > BES A S
Phosphoserine 13.9 (0.9) 2.6 (0.6 6.5 (0.5) 5(0.2) 3.4 (0.7)
Taurine 496 (3.2) 17.2 (4.0 27.3 (2.1) 58.7 (3.4) 54.3 (11.2)
Phenylethylamine 18.6 (1.2) 6.4 (1.5 221 (1.7) 13.8 (0.8) 6.8 (1.4)
Aspartic acid 434 (2.8) 11.1 (2.6 15.6 (1.2) 84.6 (4.9) 15.0 (3.1)
Hydroxyproline - - : - o
Threonine 74.4 (4.8) 17.2 (4.0) 55.8 (4.3) 65.6 (3.8) 19.9 (4.1)
Serine 55.8 (3.6) 14.2 (3.3) 39.0 (3.0) 65.6 (3.8) 21.8 (4.5)
Glutamic acid 234.0 (15.1) 68.6 (16.0) 76.6 (5.9) 348.7 (20.2) 72.3 (14.9)
Sarcosine 4.6 (0.3) - - - -
a-Aminoadipicacid 15 (0.1) 0.4 (0.1 256 (0.2) - S
Proline 130.2 (8.4) 34.3 (8.0 116.9 (9.0) 60.4 (3.5) 38.3 (7.9)
Glycine 55.8 (3.6) 18.0 (4.2 79.2 (6.1) 98.4 (5.7) 17.5 (3.6)
Alanine 139.5 (9.0) 39.0 (91 167.5 (12.9) 93.2 (5.4) 43.2 (8.9)
Valine 85.2 (5.5) 18.0 (4.2 27.3 (2.1) 89.8 (5.2) 26.7 (5.5)
Cysteine ... 6.2 (04) 26 (06 26 (02) 2(03) 4409)
Methionine 449 (2.9) 9.9 (2.3 13.0 (1.0) 449 (2.6) 5.8 (1.2)
Cystathionine-1 1.5 (0.1) 0.4 (0.1 1.3 (0.1) 5(0.2) 0.5 (0.1)
Isoleucine 54.2 (3.5) 15.4 (3.6 31.2 (24) 60.4 (3.5) 13.6 (2.8)
Leucine 89.9 (5.8) 25.7 (6.0 57.1 (4.4) 98.4 (5.7) 23.3 (4.8)
Tyosine o 139(09) 56 (1.3 107) 414 24) 58(12)
B-Alanine 3.1(0.2) - - - -
Phenylalanine 65.1 (4.2) 18.0 (4.2 48.0 (3.7) 62.2 (3.6) 18.4 (3.8)
y-Aminobutyric acid 27.9 (1.8) 7.7 (1.8 286.9 (22.1) .9 (0.4) 27.7 (5.7)
Ethanolamine 12.4 (0.8) 4.7 (1.1 10.4 (0.8) 9(0.4) 4.4 (0.9)
Hydroxylysine 77(05) 04 (0.1 13 (01) 5(02) 10002
Ornithine 9.3 (0.6) 0.9 (0.2 6.5 (0.5) 6 (0.5) 18.9 (3.9)
Lysine 137.9 (8.9) 39.0 (91 131.1 (10.1) 139.8 (8.1) 23.8 (4.9)
1-Methyl-histidine 12.4 (0.8) 3.4 (0.8 1.3 (0.1) - 1.5 (0.3)
Histidine 23.2 (1.5) 4.7 (11 13.0 (1.0) 100.1 (5.8) 4.4 (0.9)
3Methyihistidine 31(02) : : 2(03) e
Anserine 23.2 (1.5) 94 (2.2) 6.5 (0.5) 2 (0.3) -
Carnosine - - - 2 (0.3) -

Arginine 106.9 (6.9) 33.9 (7.9) 42.8 (3.3) 146.7 (8.5) 12.6 (2.6)
Total 1549.3 (100.0) 428.7 (100.0) 1298.5 (100.0) 1726.4 (100.0) 485.3 (100.0)

Codes [Flounder (F-1, -2, -3, and -4), Alaska pollock (AP-1 and -2), Black edged sculpin (BES), Anchovy (A), and Sandfish (S)] are the

same as explained in Table 1.

9 P-4 (425.6 m)lel9lTk. oI5 A% 415 9% 1ke] F £
oAt FU(EH)T ofnliedl Ak FeHyZ)THe] A
L y=0.2096x-9.8142 UERY 1L, o|uj A R=0.9866
& o] of: AR RS ek 3 gleka 24 = 9L,
ahe, AR o)FW Az 45 100 g & felopulieit BHF

2 71Abn] A3l 4%2] A 425.6-1,433.3 mg H$0]9, o]
S Zhol|= F-37} 7HF E9ka, the o & F-1 (1, 3142mg) F 2
(833.2 mg) Y F-49] %09 om, He Al5) 2£2] 7 AP-1

0] 1,549.3 mg O &, AP-22] 428.7 mgo] H|dto] A& =o} 2}
o]7} Zitt. o]4ke] ATk 4]3)| 100 g T ofw] At A A Sk



500 7pArol - Zeq -

Slojulicdl BRRre R 24ek 1059] gto] ZEE A7} 7}
2} 7hate)ep 24931, TS0 @ AP-1, F-3, F-1, F-2, S, AP-
2, F-4,F-5 59 o= AU Al Alef o] =8 f2jot
1] = AHEAHI R 8% o) 7HAkm] A8l o] 7% F-29} F-37}
glutamic acid (F-1 13.8%, F-2 30.2%, F-3 31.6%, F-4 11.7%),
proline (F-1 9.6%, F-2 8.1%, F-3 8.4% % F-4 9.1%), alanine
(F-19.1%, F-2 8.5%, F-3 8.8% 4 F-4 9.8%)3} - 3%, F-1
9 F-47} o]= 3% o]¢o = y-aminobutyric acid (GABA):
of7]of Zte|o 4%, el Al3le] B AP-1 9 AP-27} 25
glutamic acid (22} 15.1% 2 16.0%), proline (Z+2} 8.4% 4
8.0%), alanine (ZFZ+ 9.0% 2 9.1%)9} -2 3% 0] 9]o] lysine
(ZF2F 8.9% 9 9.1%)¢} -2 4%, BESY] 79 glutamic acid
= 7)) 2J3t proline (9.0%), alanine (12.9%), GABA (22.1%) 2
lysine (10.1%)2} Z2-& 4%, A2] 42 glutamic acid (20.2%),
lysine (8.1%) 2 arginine (8.5%)2} &2 3%, S| H-¢- glu-
tamic acid (14.9%), alanine (8.9%)%} -2 2350|3it}. 0|2} 7
o Al A5l 9F tol 2 fE]obn]ieite] F7et 24 9
o] Zpo|7} Qli= A Ymo] 9] FF Abo], M7=l S L Hf
o HlE] Aol 4 7T E = T 22 4 2119 Ao
wolgh IHE Ik 53], o|ef o] ZHAgke] Aol A
Alaff ghol] AR A 0 = ol5h= glutamic acidi= A7 A]5f 8
T oA 8 opn|icibo|Ql ot ERE Aol A {35t
A A &)= =t o= Ua F 2lhktol] &fsto] GABAR 2] A
Sho 2 Qlsto] AEs] Aaxshal7] wiolet HetE itk Lee,
2011). =3}, F-2, F-3 18] 1 A= T2 AJ Al 8fjof] H]3}o] glu-
tamic acid 2/JH|7} €55 =ok=H], o] = T A 25 E {2
 glutamic acid o] Jol|= Hhe] A2 wEfstel 7FEUA]
oJsto] H7Hel MSG ufjzolet HetE|let. Z1e|al A9 {2
of| it & A 59 7150l YA U= histidine ¥
=219 histidine, 1-2} 3-methylhistidine, dipeptide?] anserine
¥} carnosine®| HEE 4| hAU nlFo] HEEH =], o=
5 /420l R S o) Foll A e E7] wzolet HetE
2ith(Boldyrev and Severin, 1990). 3HH, taurineS &% =
2E|E FAAA A At ATE W 2AUE XA w5
O] ZYAHET ol o3t WA Aghe] oA, FEAE
A Flof ok A A, Fa A A2 7H )5 A,
H] 21 5ol o3k 54 hagh ghxpo] 4 i AL, W ¢
7ol tiet oA Ao At sl HEFY A 5
A7 715573 0] JA AL Qlth(Lee and Oh, 2002). 1
HFA 0 2 GABA+ glutamic acidS A4 2 3}kaz, &
of| &fsto] Hetik Hk-go] Hojuf A E= Ao, HeF A
% A, @5 S 2HE D SAAY F7H A, Hel d& h
A, BIREER], Al S, el A E AT E R |
v 24, 55 93}, 7+ A 5 17 71sAdol ol AL
A LA, PHEER 5) 522 5851 Ytk Hasler et
al., 2007; Kang and Oh, 2007; Oh, 2007; Obata et al., 2008;
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Kim and Lee, 2014; Kim and Kang, 2021). ©]2{g} Y Hoj A
Alol= AF AP A Aol o] A taurine, GABA 53 -2
glopu|eAte] 28| 7F of AFAS] Lo aH|AbEo] A%
SHIL Sl 717 AE 0 2 A olu)} glck Hekslsict g,
Koo et al. (2009) ¥}t A5 45U7F <7335 A} f-efopn]
1=ARE alanine, taurine, glutamic acid ¥ aspartic acid”} /3
Hola} Hugh v} 911, Cha et al. 2004y Hef 482 Wi
F B2 0] Wste] g Aol Al 2] /7o fFefofn|ie
A2 glutamic acid, alanine, leucine 2 lysine 5-¢] 44801}
oha W gt v} glet,

dubA o & AF9] BhE f-ejofm|icile] ofsto] RujA o g
S WL, 71 A= S Al E|ofof S, o] Kt gho
A& XA o7 T18slolof sith(Kato et al., 1989; Kim et
al., 2023). o4 gt YA Al Al8l9] Bk taste value (2
frejotn)ieite] /7t frejotn| i ite] Bhof| ik A))= o
Eld ZA7H= Table 337} 2ot Kato et al. (1989)2 2] 100 goil
3t ute] 2= aspartic acid7} 74 Wol 3 mgo] L, the
© 2 glutamic acid (5 mg)2] <01l o, o] &2 YymHA] -2
ot izAbo]| H]3}o] aspartic acid®] 79 6.67-86.678| 7} &1L,
glutamic acid®] 79 4.00-52.008] 7} i=o} S-¢15| gof Wizt
sttt B a1gk ulr) Qlok Al A1) 929 total taste value
= 17.0-115.9 W2 A& 1kell Zpol7} 3] Zich Algt 2]
3l 9% 2] taste value:= A7} 7} =9ka1, th2- 0 2 F-3 (111.1),
AP-1 (75.1), F-2 (60.6), F-1 (52.4), BES (30.7), S (22.5) &
AP-2 (21.1)9] <=0] 9 o, F-47} 714 Yottt o5 Al A5
% taste value7} & 452] A|H Al5|(F-2, F-3, AP-2 W A) 2
ARZ MSGE 71t 2ol it o5 Ald 4]8f 9] taste value
Aol whet Bhe] = Zskeet 2 E ek o, 5Y A
RolE AR g Al 48] 719 taste value= 7FA}0] A8l 45
7Fe] A F-37F 11112 7P #9431, o2 2. 2 F-2 (60.6), F-1
(52.4) 9 F-4 (17.0)9] =ollom, We A5 2% 119 <
AP-10] 75.12, AP-29] 21.19] v]5}o] =9t 828 A=
grol]l 244 J3F2 v A HA o ehrE o] ldleeet =4
%= glutamic acid”} GABAZ 2] gt 9lste] 2.3]8 tj=
g ol weh i 2] o & vrob et ar ke ¢lok. Taste value
2 A A8 ] gt Hofsh= =2 fEjoh|ieite 2 A
djo] Z5ol WA Qo] BF glutamic acido] gy, RERA o0&
aspartic acid7} ¥oiste]al = Stk $HH, Hayashi et al.
(1981) Ap==3t Ackeldt =529 frejobn) At ) &
s A =3t A== omission testE A A|SF A} glutamic
acids} aspartic acid7} 725k} Algke] o] 9iTka g
H} ¢lt}, Z12]31, Cha et al. (2004) %= He] Alafo] <4 5 utA]
0] HIlE A H= Aol A Bhe] = taste value = A
2 Ay} 5 U2 glutamic acid®} aspartic acid”} #0518}
3 H gk up Qle o] 4Fe] Al Alsf o] g Eol| gk AutE
ulgo] ol Aaj) ge Unole] gabrchs Yrolel A7t
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R, ool A AESE fFEjopu|ieqte] Bhe] JAE el
taste valueol| gt A2 n]F2o] Hol Al Alsf 1059 gt 7+
= A7} 7V 7Fete) el 24 E 9T, TS0 2 Fo3, AP-1, F-2,
F-5,F-1, BES, S, AP-2, F-49] 40 & 245 9jc}.

M

Al 23] 1059] WA A ER2A] A2 Sk ¢l 7
-2 Fig. 49} 2ok Al Alsf 100 g T 1052 /471
2 FFF2-24.5-80.9 mg O &, A7} 7P =9k 11, T} 0 2 BES
(78.5 mg), AP-1 (65.3 mg), F-1 (53.3 mg), F-3 (39.1 mg), F-2
(38.6 mg), F-4 (34.7 mg), F-5 (32.0 mg) ¥ S (27.3 mg)2] 40|
e, AP-27} 71 Wttt o wf F-29} F-3 Zholl= 794 2t
o]7} gITHP>0.05). THH, 5 HE o2 A 25k Al Al 7F
O] A A7 A A T2 AT 71| A8l 100 g & 552 7
- 32.0-53.3 mg BI9I0|SaL, F-17} 7P w=0kow, s o &
F-3 (39.1 mg), F-2 (38.6 mg), F-4 (34.7 mg), F-5 (53.3 mg)<]
oo, Wel Aal 100 g & 259] 49 AP-10] 65.3 mge.
2, AP-29] 24.5 mgol| 8]}t §-2]% 2 & 1=9th(P<0.05). ©]
o Zro] Als Alsf Ttoll g 71 A4 kel 2 Ajol= ¥
Folo] Mw A, v vl&, Ha 271 Foll &gt 2to] wiizo]
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Z(Jeong et al., 2022)2 AR -8 trimethylamine, dimeth-
ylamine 9 QI ofof x| o] "WAYSHIL §lat, o] o ghako] v
ofok U7} Aof Frfjlo] A st 4= Qlth. whatx], 439
AFASEE flstol= AR o= ddijlso] dlojol= HIFUE
SAA| Aok gt} 3HH, o] 5 HIH W A2 A= A5 Ao A
AEl= S4olHA, G714 EHoloA, AAT AES YR
£ AMEsHe] o] BRI ARo] S AAAZI A AR
= WS v (masking)sHAU E= A8E 2 E 5] 4
AA AAlto] elsto] A F714kel efste] HIFW A
FIAIA S AAstolof & Aolot.

gHd, A8l 100 g 2o LA 71E48 FFES Koo et al.
(2009)9] 75~ W} Alslo] Al2E $1ste
A7 T 4°CoA A 38L7FEFa A7l A 27 mgo| kAl Bal
SHH}F Q13T Lee etal. (1983)2] A9 2|4 2402 A =3 714}
u] 2187} 150 mgo| Tt 2 gk v 91 21, Cha et al. (2004)
& g moA] WaAZ] W) Alale] P A T
< 50 mgo] lrkar B gk Bf glek

ool U A7 A4 FHFe] Auputo 2 A sto] & uf A
o As o) vjg= AV 7P o eet A EAL e R
BES, AP-1, F-1, F-3, F-2, F-4, F-5 9 S0 ¢l o, AP-27} 7}
o et A QI 1, Als o] WA= whed] 3
H71- 4 gheto] ofy Al pHell whet g2 2po] 7} A

O

Shs
fljo

KX
=

%e %9l
et ek ol of WAl F=7]o] Qlgt WA} FEE e Elojof & Ao
ko A 9 BjAjo] A X 2HA HLAA7 AL e,
Table 3. Taste value of commercial Sik-haes
Aminoaciq  Teste threshold F' AP BES A s
(mg/100 g) -1 -2 -3 -4 -1 -2
Asp 3 7.0 5.0 1.5 3.8 14.5 3.7 52 28.2 5.0
Thr 260 0.2 0.1 0.3 0.1 0.3 0.1 0.2 0.3 0.1
Ser 150 0.2 0.1 0.2 0.1 0.4 0.1 0.3 0.4 0.1
Glu 5 36.3 50.3 90.6 10.0 46.8 13.7 15.3 69.7 14.5
Pro 300 0.4 0.2 0.4 0.1 0.4 0.1 0.4 0.2 0.1
Gly 130 0.5 0.3 0.4 0.2 0.4 0.1 0.6 0.8 0.1
Ala 60 2.0 1.2 2.1 0.7 2.3 0.7 2.8 1.6 0.7
Val 140 0.5 0.2 0.5 0.1 0.6 0.1 0.2 0.6 0.2
Met 30 1.1 0.7 1.0 0.4 1.5 0.3 04 1.5 0.2
lle 90 04 0.2 0.3 0.1 0.6 0.2 0.3 0.7 0.2
Leu 190 04 0.2 0.3 0.1 0.5 0.1 0.3 0.5 0.1
Phe 90 0.6 0.3 0.5 0.2 0.7 0.2 0.5 0.7 0.2
Lys 50 1.7 0.9 14 0.6 2.8 0.8 2.6 2.8 0.5
His 20 0.7 0.5 1.1 0.3 1.2 0.2 0.7 5.0 0.2
Arg 50 0.4 0.4 0.5 0.2 2.1 0.7 0.9 29 0.3
Total - 52.4 60.6 111 17.0 75.1 211 30.7 115.9 22.5

!Codes [Flounder (F-1, -2, -3, and -4), Alaska pollock (AP-1 and -2), Black edged sculpin (BES), Anchovy (A), and Sandfish (S)] are the

same as explained in Table 1.
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Fig. 4. Volatile basic nitrogen (VBN) contents of commercial Sik-
haes. '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. >The different letters on
the bar indicate significant differences at P<0.05.
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HAL0] 7| BEE A 4+ Gl 24w e ATH: Fig. 5
O ek, Al AJ3) 105:2] A= 10.9-285 1 9]0] 91, o]
% S7} 7MY =9k, TR0 2 AP-1 (28.0), F-4 (27.6), AP-2
(25.6), F-2 (22.6), F-1 (21.2), F-5 (18.7), F-3 (18.3), BES
(16.9) 2 A (10.9)2=0]lt}. o|u] F-3, F-5¢} BES 7, F-13}
F-2 71, 71231 F-4, AP-13} A 18] 9 52121 2ol 7} 9191
CHP>0.05). FHH, A% A39] A4l F BESS] 49 A &
o HURst EYHOE Asto] tha WE g L, S
o 7% WAL HHPOR AAdte] wmBH HNKOZ Qstol
Cha e g2 Urehflch A0 SARIE AR L W

[ D N

St %]

pi

3} 9 | Yel= Bh3{(Maillard reaction)o]] %3kS- 1] 3|
%71 (Mueda, 2015)0] 2Jat %gFo] 7 o 2} Aets|gict. &
U= o]F 02 A 23 Al A7) 7He] A = 7ERbu] A3 5
Z 740] A9 F-47}27.6 0.2 7P =9k, TR0 2 F-2 (22.6),
F-1(21.2), F-5 (18.7), F-3 (18.3)9] s=o|gl.om, wej A5) 2%
7ke] 79~ AP-10] 28,002, AP-29] 25.69f H|3lo] H-2]5 o
2 =UTHP<0.05).
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Fig. 5. Hunter color value (a value) of commercial Sik-haes.
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. >The different letters on
the bar indicate significant differences at P<0.05.

2, olHrh Hopgt A9 4-17 0= sh= 9tA Frive= A
Alatedet. Alel o] uhe- Zhet Auke: VrehiA] ko, Algkat 24
Zuto] o] 9217l Lejufe} 50 AF A A AE] sh
oft}. wheha] Al3¢] Bk gk, Algk 9l 4 5ko] o] 924l =
E3l gro g griE|ofof gt Alg Al8] F dj2H(F-1)2] gt
2 OF7hAgko] QIA| =Gl AL, ATkt ZHA B A oA Ut
ERet o, 1 7 e ZFSHA] Skt Al A8 ] Bte]l ofgl
HHL 38647 HR, o] FF-39tAP-10] HF 6480
2 7P S48t Ao Yehga, the o2 F-271 563, F-1 2
F-57} B35 5.0, F-47} 4.5%, AP-27} 447, BES7}4.0%, A
o} S7F 5= 3.8% 2] <=o|Qitk. SHAINL, o] 5] Jof ot T
7S F-29} F-3 7}, F-1, F-2, F-4, F-5 &} AP-1 7}, F-4, AP-1,
AP-2, BES, A%} S 7+0] 79 #2122l Zpo] 7} A A] 4%
THP>0.05). ]S ATk Al3) % F-2, F-3, AP-1 2 A= Z37]
o] MSG 7} Ao E7]=0] St Y Yoz A=
ok Al 7He] gk 7hAbn] Alsf| 5E9] - 4.5-6.47 HSI=,
F-30] 7} =9k a1, T80 & F-2 (5.67), F-1, F-5 (2% 5.0%)
2 F-4 (4.57)¢] £=o]¢lom, o]uf F-29} F-3 71, F-1, F-2, F-4
OFF-5 7+0] 789~ {22 Aol 7} QUG wA] obghet. 12| ar el
23] 2%2] 7 AP-10] 6,48 0. & AP-29] 5.6 0] of H|5}4]
o4 Zpol7t GIATHP>0.05). o)/F2] A= 1] Fo Ko} A
2 Al o] Ta g 7ol gk Bk ofu] Ak A A Fhekol| ot o
P ot 7714k 5 AlBkpH)ol tiste] 4Es] Fae e
A0 2 ke ).
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Table 4. Results on the sensory evaluation of commercial Sik-haes

Sensory evaluation

Raw fish Code'

Taste Aroma Color
Lot 505007 50£0.0° | 5.0£0.0°
72565060 541060 641057
Foo 3 64105 50106  44:09%
LA ABH08 | 521087  B0:08
-5 5.0’;0.6b 5.8+0.82° 5.91+0.5¢
np ol 84406 401047 70406
-2 5.610.8° 7.440.8° 7.7+0.6°
BES 4.0+0.4° 3.640.5¢ 3.9+0.5¢
A 3.840.8° 2.2+0.8° 2.6%1.1¢
S 3.8+0.5¢ 6.8+0.5° 7.5+0.52

'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. >The different letters on
the data in the column indicate significant differences at P<0.05.

WAoll thsto] EHARE AAIEFAIL
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