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Comparison of the Organic Acid Content of Commercial Seasoning Jeotgal
and Sikhae
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This study has investigated ten different organic acids in 67 types of seasoning Jeotgal (seasoning salted fermented
product, SSFP) and Sikhae (seasoning salted fermented product with rice, SSFPR) collected from the market. The
levels of organic acids varied significantly depending on the raw materials used for the SSFP and SSFPR. The acetic
acid and lactic acid content ranged from being not detected (ND) to 5,667.15 mg/kg for acetic acid in the SSFP, ND
to 34,837.89 mg/kg for lactic acid in the SSFP, and 53.47 to 2,089.55 mg/kg for acetic acid in the SSFPR, and 10.69
to 1,733.27 mg/kg for lactic acid in the SSFPR. The range for succinic acid was 57.92 to 2,793.09 mg/kg in the SSFP
and 21.21 to 453.32 mg/kg in the SSFPR. Propionic acid content ranged from 8.42 to 277.83 mg/kg in the SSFP and
13.21 to 133.07 mg/kg in SSFPR.The most abundant organic acids were succinic and lactic acid, comprising 48% of
the seasoning Jeotgal (succinic acid) and more than 72% in Sikhae (lactic acid). Furthermore, this study suggests that
the differences in the organic acid content of samples, based on their raw materials can be discriminated by principal
component analysis (PCA).
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Table 1. Sample name and main raw material of commercial seasoning Jeotgal and Sikhae collected from the market

Sample name

1 1
Product (Korean) Raw material N
Hwangseog-eo Larimichthys polyactis 75% (Korea), salt 25% (Korea) 1
Garibi Mizuhopecten yessoensis 75% (Japan) 1
Eoligul Crassostrea gigas 68-81% (Korea), salt 2—7% (Korea) 3
Seasoning Nagji Octopus minor 52—77% (China), salt 3-22% (China/Korea) 7
Jeotgal Qjing-eo Todarodes pacificus 67-80% (Korea/China/Chile), salt 1-20% (Korea/China) 9
Changnan Gadus chalcogrammus viscera 68—73% (America), salt 4-8.1% (Korea) 6
Galchi Trichiurus lepturus viscera 75% (Korea) 1
Myeonglan G. chalcogrammus roe 81.5-91% (Russia/America), salt 3.8-7.5% (Korea/China/Australia) 13
Pseudopleuronectes herzensteini 65-80% (Korea), grains (rice/millet) 5-23% (China/Korea),
Gajami red pepper powder 4-8.7% (China/Korea), salt 2.1-7% (Korea), radish 2.5-40% (Korea), garlic
Y 2-3.4% (China/Korea), ginger 1-2% (Korea/China), sugar 0.5-0.8%, monosodium L-glutamate
(flavor enhancer) 0.2-0.3%
G. chalcogrammus 50.04-87.55% (Russia/America), red pepper powder 3.5-5.2% (China/Ko-
Mveonatae rea), salt 2.5-5% (Korea), garlic 1-2.5% (Korea/China), ginger 0.1-1.2% (Korea), sesame 1%
) yeong (India/China), sugar 1-2.6% (Korea), monosodium L-glutamate (flavor enhancer) 0.5%, vinegar
Sikhae 1-7.51%, corn syrup 3-5%, sesame oil 1%
T. pacificus 20-51.85% (Korea/China), grains (rice/millet) 19-23% (Korea), red pepper powder
Ojing-eo 6-8.7% (Korea), salt 2.1-3% (Korea), radish 10—40% (Korea), garlic 3.4% (Korea), ginger 2% 3
(Korea), sugar 0.6%, malt 0.2% (Korea)
Gymnocanthus herzensteini 20% (Korea), rice 23% (Korea), red pepper powder 8.7% (Korea),
Hongchi salt 2.1% (Korea), radish 40% (Korea), garlic 3.4% (Korea), ginger 2% (Korea), sugar 0.6%, malt 2

0.2% (Korea)

N, Number of samples examined.
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{714 10 (acetic acid, citric acid, fumaric acid, lactic
acid, maleic acid, malic acid, malonic acid, oxalic acid, pro-
pionic acid, succinic acid)]| thgt F=F2 B4 TE 2=
© 2 oxalic acid+= Yakuri Pure Chemicals (Osaka, Japan)A&-
ko, o] & A3t L 2| 952 Sigma-Aldrich (St.Louis,
MO, USA) AlekS A8 9t}

Acetic acid, citric acid, lactic acid, malic acid, malonic acid,
succinic acid, oxalic acid, fumaric acid, maleic acid2 100
myL FER FRAE 4 sle] BEGAOR AgFIE O,
BRGNS FARAL o HEA o] AR 75
Eof gt 343141t} Propionic acid+= 100 mg/L 52 OFA|
£O2 3]43le] REGNOR AHGIIG 0w, HEG 0.1

mg/mL YHEFE2 8-Y(crotonic acid; Sigma-Aldrich)2-
7tste] AHg-sEGITh
AE X

G714F 9% BAS Q)3 AlR A X2 Min et al. (2006)]]

o2t A& 5 g2 50 mL conical tube (SPL Life Sciences Co.,
Pochun, Korea)ol| 83| #|5}0] 27420 mLE 7}3F & son-
icator (Power Sonic 410; Hwashin Tech Co., Ltd., Gwangju,
Korea)oll @11 2027 333t o] T2 995 gollAl 10
B SoF ¥4E2](Supra R22; Hanil Scientific Inc., Gimpo,
Korea)?h th5 4542 FI6kal S7r2 50 mL7} H=5 4
45+ % 0.45 um PVDF membrane filter (Hyundai Micro Co.,
Seoul, Korea)& o]7}at Z1-& A| 5 M O & AFR-519iT].
Propionic acid= A&/ (MFDS, 2024b)o] w}et A& 5 g
< 50 mL conical tube (SPL Life Sciences)of] Ad3] 33}
99.9% ethanol (Daejung Co., Seoul, Korea) 30 mLE 7}3+ &
Bl (internal standard)©] 100 mg/L7} & =5 % 7}5}
&t} olofl 15% potassium ferrocyanide (Kanto Chemical Co.,
INC., Tokyo, Japan) -24¢] carrez Z A A1 N 2 mL 7|5+
T 550 AojFal, 30% zinc sulfate (Junsei Chemical Co.,
Ltd., Tokyo, Japan)-8-21 2] carrez 2 A #2222 mL 7}3]] 2
2 BE0] Aol the AHR7I(1769 g 102)% 0185
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=Ry =
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.45 um nylon membrane filter (Hyundai Micro Co., Seoul,
Korea)& o 7}sto] A| 5ol 0 2 ARg-5}9ict.

QUM 9F Bl A

Acetic acid, citric acid, fumaric acid, lactic acid, maleic
acid, malic acid, malonic acid, oxalic acid, succinic acid g+
22 HPLC (1260 Infinity; Agilent technologies, Santa Clara,
CA, USA)Z 24313 tt. ZHH -2 Aminex HPX-87H (7.8 mm

L.D. X 300 mm; Bio-Rad Laboratories, Hercules, CA, USA)=
o|- &35t oA 10 mMY} 50 mM sulfuric acid (Sigma-
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Aldrich) -8-04-& A-8-5%137(Min et al., 2006), 7&314-2 210
nm, FUFE 20 uLE FFA o, BR Y L= 40°C, F42
0.6 mL/min® = 5|3t}
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51l FID7} A2Hel Gas chromatography (6890N; Agilent
technologie)S ©|-8-5t3ith. 2 HP-FFAP (30 m < 0.320
mmx0.25 um)S ARG on, QB 27]L% 60°ColA 5
E7FHEE kS 20°C/ming] 52 115CTHA] A7 5,
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vEb o, Z+ A Aol tf gk F A= SPSS (Statistics Pack-

age for the Social Science) T2 133 Ag35}o] 7}7+0] A5
Aol gk ANOVA testE ©]-§-5Fo] SAREAS XI3sk3l L,
Duncan?] th5H 9]7 % (Duncan’s multiple range test) > 2
P<0.05 £-0)5-20 4] 228 AAI5}oct,
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E EA(principal component analysis)S A A8} %th.
A B o]l = BLA E (correlation matrix)S ARESFA L,

E]54.S Mathlab (R2024a; MathWorks, INC., Massachu-
setts, USA)9] 3-8z = 22| PLS-Toolbox (version 9.3.1;
Eigenvector Research INC, Washington, USA)E ©]-8-3}%1 1,
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efielct. FdAd 5 oxalic acid= 1.18-589.21 mg/kg
(52.54+101.7 mg/kg)®] W2 Uehgon, 1 5 24oA
0] 80.18+162.09 mg/kg® 71 =11, 340} 0] 1.36+0.19
mg/kg® 7P WA Uebyth Citric acid= 51.47-7,782.72
mg/kg (1,398.79+1,872.56 mg/kg)olglom, 1 &
Ao] 4,665.54+2,779.72 mgkg® 7P =9k, WaAlo|
19325+ 148.37 mg/kg® 713 w-& 71 0 2 pejytet,

Maleic acid= E7#%-398.07 mgkg (13.72+61.3 mg/
kg)olglen, ofgjZA, A, FeAE Ast FdAy
ofl A HAEEA gty I 5 Aol 313.12+£60.24 mg/
kg2 714 =7 YeRgth Malic acid= E4%-7,910.3 mg/

kg (1,531.84+2,130.76 mg/kg)olH, 1 F Zx&A0]
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Table 2. Comparison of organic acid content (mg/kg) of commercial seasoning Jeotgal collected from the market

Sample name

(Korean) Oxalic acid Citric acid Maleic acid Malic acid Malonic acid
Lwanaseod-co 1.18-1.55 1,462.74-1,501.38 ND? 344.54-345.25 501.67-510.35
gse0g (1.36£0.19°") (1,482.06+19.32°) (344.90.360) (506.01+4.342)
. 19.37-25.28 52.24-1,408.58
Garibi (22.32+2.957) (730.41678.17°) ND ND ND
Eolioul 24.47-33.9 221.81-782.98 ND_1.14 495.5-929.86 982.07-1,527.15
9 (28.04+3.537) (573.01£207.36°) ' (750.07+158.73?) (1,173.33+250.467)
Nagi 29.59-94.5 51.55-1,781.55 \D 202.36-577.59 \D
9 (55.97+21.542) (1,357.09+402.36?) (338.97+169.32°)
Oino-co 7.02-589.21 151.69-5,931.39 \D 382.79-3,637.6 ND
ng (80.18+162.097) (1,699.91+1,590°) (1,363.61%1,133.26°)
Chananan 14.85-555.36 1,151.31-7,782.72 265.09-398.07 3,208.75-7,455.49 ND
g (79.88+158.64°)  (4,665.54£2,779.72%)  (313.12£60.24°)  (4,995.80+1,243.97%)
. 61.49-89.98 762.81-958.31 5,777.71-7,910.3
Galchi (75.74+14.24%) (860.56+97.75°) ND (6,8441,066.29%) ND
Vveonalan 3.87-46.75 51.47-567.25 0.11-88.24 2,644.67-5,141.24 230.98-384.2
yeong (28.11+12.62%) (193.25+148.37°) (42.69+42.63") (4,144.63+826.81°) (307.59+76.61°)
Sum 1.18-589.21 51.47-7,782.72 ND-398.07 ND-7,910.3 ND-1,527.15
(52.54+101.7) (1,398.79+1,872.56) (13.7261.3) (1,531.84+2,130.76) (63.55+240.99)
Table 2. Continued
(S}?;:ep;i; ame Succinic acid Lactic acid Acetic acid Fumaric acid Propionic acid N3
. 6,038.75-7,039.37 20.89-21.12 253.97-469.87 0.33-0.42 85.15—86.76 ;
Wangsecg-€o g 539.06+500.31°) (210.120) (361.92£107.95¢) (0.37£0.04%) (85.960.81t)
Garib 66.44-2,223.76 3,391.79-5479.22  1,865.72-5,667.15 2.68-26.74 39.2—4375 :
(1,145.1+1,078.66°)  (4,435.5¢1,043.72°)  (3,766.43+1,900.71°)  (14.71£12.037) (41.472.27%)
Eolioul 642.04-5,919.23 1,266.92-5,699.52 412.9-988.3 3.46-13.06 137.16—277.83 3
9 (3,161.02£2,311.62)  (4,158.4742,046.11%)  (702.7+231.21%) (6.03+3.557) (193.67+59.26°)
Nagi 596.27-2,457.48 648.86-12,091.68 626.1-2,655.24 0.61-38.28 16-26.79 ;
9 (1,681.88£596.27%)  (2,000.24+2,887.3°)  (979.32+495.8) (22.4918.28°) (20.97+3.67)
Oiino-co 680.39-7,125.21 106.69-819.03 179.34-4,231.15 3.74-26.28 27.06-76.2 9
ng (2,739.04+2,114.08)  (481.93+237.22") (818.59830.16) (14.3+7.527) (57.57+21.64%)
Chananan 57.92-4,673.38 608.92-34,837.89 807.65-5,030.57 3.67-41.2 20.83-46.85 6
g (1,544.05£1,208.24%) (12,082.54+13,326.647) (2,004.32+1,469.47%)  (21.24+13.042) (30.4448.979)
Galchi 264.78-851.98 1,930.42-3,717 3,087.12-3,897.28 16.65-20.76 114.13-117.88 :
(558.38+293.6°) (2,823.71£893.29°)  (3,492.2+405.08") (18.7+2.067) (116+1.88")
Wveonalan 3,663.48-22,793.09 125.1-6,278.9 32.87-2,308.39 0.99-471.09 8.42-27.62 1
yeong (15,606.23+4,888.43%)  (2,537.97+1,663.19")  (658.36+666.9)  (59.12+119.07%) (15.08+7.049)
Sum 57.92-22,793.09 20.89-34,837.89 32.87-5,667.15 0.33-471.09 8.42-277.83 "
(6,565.68+6,985.76)  (2,948.15:6,113.34)  (971.93+1,123.67)  (30.22+70.86) (64.58+66.47)

'Different letters within the same column indicate significant differences (P<0.05) by Duncan's multiple range test. 2ND, Not detected. >N,
Number of samples examined.

6,844+ 1,066.29 mg/kgs 714 =11, 7he]u] Alo] 2A % 7}

& S e

Malonic acid

.

L BA=

EAZ 1,527.15 mgkg (63.55+240.99
mg/kg)| 2.0, FHoIH, o223, WAAS A5ty w

HEEA

oL

i, 15 ofgeslo] |

2 717 A b
Succinic acid $FEF2 57.92-22,793.09 mg/kg (6,565.68 +
6,985.76 mg/ke) 5 LFERF0 1] Hebs10] 15,606.23 +4,888.43

,173.33+250.46 mg/kg



mg/kg® 7M1, 4] 44101 558.38 +£293.6 mg/kg = 7H4F
wheslo w2 ehge,

Lactic acid= 20.89-34,837.89 mg/kg (2,948.15+6,113.34
mg/kg)o|™, 1 5 AA1(12,082.54 + 13,326.64 mg/kg)©] 7t
=L, 401521 £0.12 mgkg) 71 Wk

Acetic acid+=32.87-5,667.15 mg/kg (971.93 +1,123.67 mg/kg)
ol e, fumaric acid:= 0.33-471.09 mg/kg (30.22+70.86
mg/kg)o] ATt

Propionic acid= 8.42-277.83 mg/kg (64.58 £66.47 mg/
kg)ollem, ojg]l=dAlo] 193.67+59.26 mg/kg, Zx]|<&A10]
116 +£1.88 mg/kgl 2 gFFo| =9k, HetAlo] 15.08+7.04
mg/kg= 7P WOl

AAF(GAA, BF713, 213, ol 3, Hebsl, A4,
H2) A, 7kte] Aol Al propionic acidE AR 107 55
AEAE-14.35 mgkg), M-+A 2074 5 184 (EH=-18.87
mgkg), FHA 1274 T 3U(=HE-3.90 mgke)ol HE
a1, B57]A(3.11-18.87 mg/kg), Z7]41(12.03-62.12 mg/
kg), W] 51(16.85-48.66 mg/kg), B2 73!(84.38-321.06
mg/kg), 7ht] A 5](48.03-148.32 mg/kg)oll A e A E=
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9IThal ¥ 15} THKFRI, 2018).

E3], Zo] 5 Y=l ofg]ZA 2] propionic acid -2 104
= 1041 5 HEET, 1 =2 173.15-280.99 mg/kgo]
9JtHKFRI, 2018).
A

hol 714t st

1=
ol

A8f 26501 tgt 1052 714t 2 Table 30f LHERSL
o} 77|14 5 oxalic acid= 1.29-7.77 mg/kg (2.03+1.06 mg/
kg), citric acid= 0.63-300.88 mg/kg (60.89 +67.84 mg/kg)
ol 3lct.

Maleic acid= HEj2]3] 102 = 12047 0.003 mgkg 7
S5 AL, YA AsfFolAle B dEEHA 4T Malic
acid=40.14-643.7 mg/kg (187.45+ 138.74 mg/kg)°] 3} S
1% 24871 397.1 £81.13 mg/kgR 74 A vrebdt.

Malonic acid= &45-535.79 mg/kg (91.17+138.96 mg/
kg), succinic acid+=21.21-453.32 mg/kg (117.22 £ 85.13 mg/
kg), lacticacid+=10.69—12,733.27 mg/kg (2,752.08 = 3,388.28
mg/kg), acetic acid= 53.47-2,089.55 mg/kg (589.33 £ 576.05
mg/kg)= LERATH

Table 3. Comparison of organic acid content (mg/kg) of commercial Sikhae collected from the market

Sample name

(Korean) Oxalic acid Citric acid Maleic acid Malic acid Malonic acid
Gaiami 1.29-7.77 0.63-298.92 ND? 52.48-643.7 77.04-535.79
4 (2.1541.61°") (37.4362.9°) (259.6+140.967) (254.86+12°)
1.88-2.08 34.32-128.43 40.14-264 2.2-32.8
Myeongtae (240.05%) (63.22428.22") ND-0.003 (104.27460.43°) (14.7+11.750)
Ojing-eo 1.93-2.07 6.19-57.08 ND 67.02-143.79 2.87-3.38
ing (2+0.05°) (39.68+22.7°) (104.54+27.89°) (3.1920.23")
. 1.38-1.87 173.55-300.88 269.35-482.93
Hongchi (1.62+0.21%) (228.88+41.97°) ND (397.1281.13%) ND
Sum 1.29-7.77 0.63-300.88 ND-0.003 40.14-643.7 ND-535.79
(2.03+1.06) (60.89167.84) ’ (187.45+138.74) (91.17+£138.96)
Table 3. Continued
(S}?g:é);?]; ame Succinic acid Lactic acid Acetic acid Fumaric acid Propionic acid N3
Gaiami 21.21-453.32 1,359.4-12,733.27 118.09-2,089.55 0.01-7.36 35.67-133.07 1
Y (98.29+92.2%)  (5,521.82¢3/491.36°)  (957.32+664.52¢) (2.4%2.38°) (61.22+28.08°)
Mveonatae 33.85-269.24 10.69-746.01 53.47-575.36 0.07-1.25 13.21-62.09 10
yeong (150.381.33%) (302.08+586.32°) (271.58+159.79°) (0.45+0.36") (34.88+13.52°)
Ojing-eo 45.69-117.47 10.99-1,282.58 81-635.34 ND 34.65-51.06 3
mng (71.49+30.23°) (632.42+509.28°) (244.99+202.4°) (42.3+6.22%)
Honachi 68.14-188.88 1,685.65-4,454 138.22-1,321.97 1.06-6.4 41.87-82.22 2
9 (124.54+48.66%)  (2,947.96+1,054.64°)  (670.64+511.837) (3.28+2.09°) (62.53+19.512)
Sum 21.21-453.32 10.69-12,733.27 53.47-2,089.55 ND-7.36 13.21-133.07 2%
(117.224¢85.13)  (2,752.08+3,388.28)  (589.33+576.05) (1.44%2.01) (49+24.43)

'Different letters within the same column indicate significant differences (P<0.05) by Duncan's multiple range test. 2ND, Not detected. >N,

Number of samples examined.
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Fig. 1 Biplot of the first two principal components for organic acid content of seasoning Jeotgal (seasoning salt-fermented product) and

Sikhae (seasoning salt-fermented product with rice) by raw material. A, Seasoning Jeotgal; B, Sikhae.

Fumaric acid= &4H%-7.36 mg/kg (1.44+2.01 mg/kg)©] 3}
on, T2 487} 3.28 +2.09 mg/kg 2 714 =11, 9 A o] A]5)
= HEEHA otk

Propionic acid+= 13.21-133.07 mg/kg (49 +24.43 mg/kg) .
2, T2 48|71 62.53+19.51 mg/kg & 714 11, Wej2la)7t
34.88+13.52 mg/kg= 714 Wkt

Aaje] WAl A9k 2ol Aol QoW S9e] 3L
7, Al Alsl 105-9] pH 4.45-5.2409, 2G4 w=
0.84-1.46 g/100 g©.& B 715}1 QJrk(Kang et al., 2023).
3t e Alaj9] §-7)AF $heFo] lactic acid, succinic acid, malic
acid, citric acid, acetic acid, fumaric acid <02 =01, 1 &
A0S U= lactic acid §FFo| +=TH(Choi et al., 2002). & o]
Alot9] ikan pekasam+= 3t 4|89} FAFSHO] g HRE
Foba of 7o} FHA aA] AlFoltt. o] Al H7Feh ghA
ol a2 QIsf lactic acid7} F2 A H31(15-25.8 mg/g),
I T2 & succinic acid (11.9-17.2 mg/g), acetic acid (5.3~
7.1 mg/g)o] &5F AJHT o5 f7l4ke] HaAlEe] pHE
Lo A4S o] A 0 & 1 I1E|GrH(Ezzat etal., 2021).
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i
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AL, U A] 42(7FHAL, AAEA, 9A A, ) PC2|
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713 =8 ek AR89 aL, Al 8= lactic acid7}F 72% 2 713
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