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Abstract

In this study, the quality characteristics of seven types of reproduced grain vinegars were determined to promote
the discovery and industrialization of traditional vinegars reported in the ancient literature of the Joseon Dynasty.
The seven types of vinegars identified through literature review were prepared using rice, glutinous rice, barley,
autumn barley, millet, wheat, and ‘Makgeolli’ as the main raw materials, and ‘Mugukcho’, ‘Sajeolcho’, ‘Daemaekcho’,
‘Chunyeoncho’, ‘Sokmigukcho’, ‘Jinmaekcho’, and ‘Dongjucho’ were obtained by employing various manufacturing
methods. These vinegars had a pH of 3.3-3.6, but the titration acidity was 0.99-4.3%, which was slightly lower
than the baseline standard for a vinegar. The vinegars contained nine types of organic acids, 21 types of free amino
acids, and their fragrance and taste determined using an electronic nose and tongue varied with the fermentation
time. In particular, ‘Daemaekcho’ produced using barley had a lower pH and higher acidity (4.3%), resulting in
higher organic acid and amino acid contents than those of other fermented vinegars. The sourmess of ‘Daemaekcho’
and ‘Sajeolcho’ was identified by determining the taste using an electronic tongue. This study is expected to revive
the vinegar industry by identifying and allowing the reproduction of the representative grain vinegars of Korea based

on the literature review of the Joseon Dynasty.
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Fig. 1. Classification chart by main raw materials.

This figure shows a distribution plot in which only grain was used as
the main raw material in 105 different vinegar-making methods in the
ancient literatures.
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Table 1. Units comparison of quantity

traditional grain vinegars 861

. Gwangmu” Gwangmu Comparision value
Kyunggukdacjeon 6 years (1902) 9 years (1905) with liter method
Jak Jak 1/10 hob Jak 1/10 hab 0.018 L
Hap (Hob) Hab 10 jak Hab 10 jak 0.18 L
Seung Seung 10 hob Seung 10 hab 1.8 L
Du Du 10 seung Du 10 seung 18.03 L
Sogoekpyeongseok
Goek Seok 15 du Seok 10 du 180.39 L
Daegoekpyeongseok
YGwangmu: The annals of king Gojong of the Korean empire (Lee and Jeon, 2009).
Table 2. Units interpretation in ancient literatures (Unit: mL)
Hab Jan Jak Doe (Sabal)  Bokja, Daeya Bal Byeong Dongyi
57 114 228 570 1,140 2,850 3,420 5,700
(2 hob) (2 jan) (2 doe) (Small dongyi) (3 bokja) (1 mal)
Table 3. Manufacturing methods of seven kinds of traditional grain
vinegars (continued)

Various vinegars Manufacturing methods

Various vinegars

Manufacturing methods

Wheat 1,972 g, washing 5 times

Steaming for 45 min

\

Making a flat rice cake of steamed wheat

N/
Putting in pot

\

‘Dongjucho’

‘Jinmaekcho’

‘Makgeolli’ 1,225 g, water 3,750 g, putting
them in pot

)

Fermentation in the sun
U

When it rains covering it up

Complete in a few days without stirring
or moving

Adding water 1,944 g (98.6%) in pot
N/
Adding ‘Sanseong nuruk’ 197 g (10%) in pot
)

When it’s clear after ripening, it’s done.

Ist, slightly stir-frying ‘Sanseong nuruk’
309 g (25.6%)
)

Adding ‘Sanseong nuruk’, water 2,900 g
247%) i t
( ©) in po ‘Daemaekcho’
2nd, glutinous rice 1,209 g, washing 5 times
‘Sajeolcho’
After steaming, put it in pot

Stirring with the branch of a peach tree
Fermentation in the sun after sealing

\

Completed in 21 days

Barley 829 g, washing 5 times
/)
Steaming for 40 min
!
Cooling at body temperature
Putting it in pot
Adding water 2,953 g (356%) in pot
)
Adding ‘Sanseong nuruk’ 699 g (84%) in pot
)

Covering with a cloth with grass

Stirring with the branch of a jujube tree after
3 days

Adding millet (62 g) steamed in pot after
6-7 days
)

Completed in 14 days
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(continued)

Various vinegars Manufacturing methods

Joe 1,898 g, washing 5 times
N/
Cooling overnight after steaming
Putting it in pot

. o/

“Sokmigukcho’ Adding water 2,4(1? g (126%) in pot
Shredding ‘Sanseong nuruk’ 170 g (9%)

)

Sprinkling on top of pot and do not stirring

Covering with ‘Gwangmokcheon’ and
complete in 21 days

Autumn barley 1,504 g, washing 5 times
Steaming for 1 h
Putting it in pot
Adding ‘Sanseong nuruk’ 750 g (49.9%) in pot
‘Chunyeoncho’ U
Adding boiled water 2,000 g (133%) in pot
/)
Sealing with oil paper
Covering with mugwort cloth

Completed in 21 days

Rice 3,218 g, washing 5 times
/)
Soaking in water for 3 days
Steaming for 1 h
‘Mugukcho’
Putting in pot

Adding water 1,150 g (35.7%) in pot
/)

Fermentation

10 mLE 100 mL 4z E2kA 39 #H3st th2, 0.5% phenol-
phthalein(Sigma, San Fransisco, CA, USA) A|A|2k& 2-3 Hf
2 "ojme] 11 0.1 N NOHE 2T b 23} 251l
o, AH]E NaOH 9] 0.0062 35}] acetic acid®] O
= astel A2 39 4TS 2HokithKim 5, 2018).

714 24
247+ Al 10 mLE {5}9] 0.2 um membrane filter
(Millipore Co., Cork, Ireland)Z ofI}gt & Z2A1%0] £7]

At SRS HPLC(LC-20A Prominence, Shimadzu Co., Kyoto,
Japan)Z EA5lg o, 7Y TSK gel ODS-100V 5 uM
(4.6x25 cm, TOSOH Co., Nanyo, Japan)Z, O34+ 8 mM
perchloric acidg, 52 1.0 mL/min, Y 10 uLs F
QIste] UV 440 nmold] 4@ 759] HE FRAE] 9]
RERRLEEY

e (X

Z¥ZY9] A& 5 mLE F5}9] 0.45 um membrane filter
(Millipore Co., Cork, Ireland)Z oJ2}5t &, ofm|lAl A7)
Sykam S7130 amino acid reagent organizer, S5200 sample
injector2} S2100 solvent delivery system ©J-85}0] A5}
e}, 2P cation separation ZHH LCA KO6/NA(250 mm
x4.6 mm)yg ARESIALL, olEAe 452 0.45 mL/min,
ninhydrin 0.4 mL/min© 2 FA5}tHPark, 2018).

A0 ofst CHE S7|oE 24

AT 757 WE IRz 0F B4R B 2
Z+9] AJ& 0.5 mLE 10 mL Vial(Ls-Phs-Psck GmbH, Lan-
gerwehe, Germany)©]] €37, 40Co|A 30&7F 500 rppmO =
wHtetoe] ARFH (Fast GC based HRACLES flash Electronic
nose. Alpha Mos, AMcombi PAL, France)E ©]-&5}o] A
Sjoitt. Az BAol 278e] Zwo] RAEl HRACLES
E-nose(DB5 apolar and DB1701 Slightly polar)2} Flame
Ionization Detecter(FID)Z H&5IATE FUFS Syringe
type(5.0 mL-HS)°.& Z¥ 2% 25C, = 1.0 psiz F
Yottt =4 A, U719 &= 200T, detector 200C 2
Sk, 42 1.0 psi, AE7] Y2 39.0 psi= SISt HE
H 130 wek ZolE 0.900 odT RSD 20% T[Tt
sensorgs AEH5}o] Alpha Mos software(version 12.3)5 o|-&
Sjof A2 T2 785 IRAZ W SRl 12 24
E.4(principal component analysis, PCA) TE& FAlSIY
t}. AlmEA 7 Kovats(Custom Alkanes Blend Standard)S
0|85t Ce-Cis T FE2 0] standard2 ©]-8-5HH(Yoon
= 2010).

o M8 2A
AR 757 AE TRAZI A AR Heke %

Al BA7|(TS-5000Z, Insent, Atsugi, Japan)E ARE-0F Tt
Ag AA2E= Z7k9] AEZE pH 4-5, conductivity 1-10
mSlm S|H517] SIgtel 2H2te] Az 1 mLE Fa ERA
2 1008) B} T, oluslol AMgIIch U AL B47o]
KRS 70 mLA Yol 43| ¥ 2% %, 13] LA ]
211 3uHE HA7kS F5to] £k bitter), ZH(saltiness), Al
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Uk(sourness), 729 (umami), B-25k(astringency)2] < &

Aoz A|ste] eI

SAHA|

EA A= SAS(Statistical Analysis System, v7.1, SAS
Institute, INC., Cary, NC, USA)°|| 2oJgt UYPEAREA
(ANOVA)°] 93] AZ512H, Duncan’s multiple range
test®2 p<0.05 $Fo|A HAE3IAT

Zd

Zit % 2

—

A £2F SRAX

WIes, 59 1IEd 549 1055 I74% AxH
oA FUEHE YEFS BXEE Fig 1] Yeplt. 59
279 1970(18.1%), X2 1871(17.1%), B2 1571(14.3%),
Z 1270(11.4%), & 1071(9.52%), & 971(8.6%), AHZ 770
(6.7%), XA 670(5.7%), 7F&H2] 571(4.8%) D & 47
(3.8%) O 2 UETh A J7A% A xR0]| AMES
FE bt 7Y d5E & o e, IS E &
(32.4%), E2(21.9%), (18.1%), Z(18.1%) FA0= 7}&
o] ARE5HRET, ol RAAIHY A1 7t 4]
AL Fol dAsh= A= & = AT =] 1R
TEH Az AXHE B4 2y}, 98 Soldo=x o
H 52 B(143%)3 HEo] ATE0] & W 92 &
AAE(5.7%)= HEA B 3219 Zrlgo&EHN A% AR
off ARERt AL THACRE & & QUL wEhA, & Ao
A YRS dES & e FFHARE S5 st
of o Altjol] 7 @ol AMgE = 4R A 7
= a1, I 7ol =2 TSR AR E 9 715
H YR st 4 542 Yot

kel 728 T2A2E B39] H¥(Table 3)0.8 A%
St &, 4kg 7|7K0-75)0] W pH HIL= Fig. 20] YER

Az, g%z, Sl 2E%)9] 3754 2E pHYF 3.3-
3.602 Ao Holxl &, dAotA |A=HA HE =
710 LaHS] pH7} 5.0-6.5 FAJolA] 4H4(3.8-4.0) 0.2 H
she RS & 5 Aot ol Al P4 %] 2AMTE
(Kim S, 2013)Z E3} pH 2.23-247H0H= Ex0k 22
£ 959 47 ¥a #ol| wE zjolgty AZHEct E
ok R 7|7t g 5520 pH HIPL A9 gl Ao=
Ko} Abg 7t A2 dojuA] ¢k Ao F HIrt

0 1 1 1 J
0 1 3 5 7

Fermentation periods (weeks)

Fig. 2. Changes in pH of seven kinds of traditional grain vinegars.
@, ‘Jinmackcho’; O, ‘Mugukcho’; A, ‘Sajeolcho’; A, ‘Dongjucho’;
M, ‘Daemacekcho’; [, ‘Sokmigukcho’; 4, ‘Chunyeoncho’.

Data are presented as the mean for 3 independent experiments. Error
bars indicate SD (p<0.05).

Wa 7[Zto mE JRAZO| HYLME

AZZ 787 FRARS EE Vo] mE A B4
AIFE Fig. 39 Yeffigict. d&i 0ol Bls) & 7|71o]
AojdE A= FAIHoR JTtetut SARE B
(829 g)oll FF4(2,953 g, 356%)%F F2(699 g, 84%)S T
ofgfo] Yl F2(25T)0lA] 6-7U LAAX F, (62 g) 1L
FHE W HaAIR] g x= 35000 43%2 THY =2 4L
S5 Yeid &, A3} Aokt SARE 7REE (1,504 g)
of] 1-2(750 g, 49.9%)3t 242,000 g, 133%)S 91l 2t
BAIR A% 7500, P9t &2 4of FotlolA] T
BA TFF2= 1A 5500 2.1% o A A5 UER
Ak SAFoto] oA Addet (1,972 g)oll F=(1,944
g, 98.6%)2} F5(197 g, 10%)yZ 21 JA] A= 5
Fof| 1.64, 397F 59 A(3.218 o) 1IAZF AR &, =
(1,150 g, 35.7%)S 91 WHEA|R] B2z 7500 0.99%,
Ho 1=2(309 g 25.6%)° URI(2,900 g, 247%)9+ ZAF5H
(1,209 g)E Foteloll Eal HaAF AFdZR= UE 35
of| 1.24%, 413 %(1,898 g) T5FHIo]| QFRS(2,400 g 126%)
£ ool gL FR(170 g, %)= T2 F, F=EHS Ho
gAYl S)22E 1E 130 L06%E 7FE =2 A
YRR 755 I54129] 2AbE A9 5= At
747y A %0] At BAE Foto] g1 & ot diz=
g 330 AAALET} 43%E ARV & JAFgE Ao
2 Bt IE0 71EH ABA o2 AR HFAx
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Titratable acidity (%)

Fermentation periods (weeks)

Fig. 3. Changes in titratable acidity of the seven kinds of
traditional grain vinegars.

@, ‘Jinmaekcho’; O, ‘Mugukcho’; A, ‘Sajeolcho’; A, ‘Dongjucho’;
W, ‘Daemaekcho’; [J, ‘Sokmigukcho’; 4, ‘Chunyeoncho’.

Data are presented as the mean for 3 independent experiments. Error
bars indicate SD (" p<0.001).

o AHEE RS A9t 6% A2k Wit AR =
oo} bzt ke o Aol 344 wisiel s &
olgE U7l TAE 22 Axsb] AN 940 2 A
83} BEH QRS U 24 S B 2 P
o Wastchy Az

=

Az 7% HRAZO) wa 7178 S B 2ne
Table 49] Lehfglon], 9%9] §7laros T4} 9lg)
o} Azoli fllo] FRol, gl AR F2% 8
9lo2 4ze] FLE AP Hkleong 5. 1999). 7]
Wy GO R R} AjulAL, Ll oAl Hhak A
So] akefA gick. AT TFAZOI A B7E F 24
o] 50% oVFE AAIBkArt. HIFIY Gt R Rk}
AL, T|ZZREAL oL, T So] Stk 53], 13
A G7IARS A 2410 9 e S, 4 Pl
g 9] = 7o BusrkZhang 5, 2019)

Table 4. The content of organic acids in seven kinds of traditional grain vinegars manufactured through literature review

Fermentation period (weeks, mg/100 mL)

Vinegars
Organic acid 0 1 3 5 7
Malic acid 4.63+0.67*Y 1.5440.05° 1.09+0.17° ND? ND¢
Ascorbic acid 5.07+1.13° 4.96+1.05° 4.80+0.03° ND® ND°
Lactic acid 2.27+0.90° 103.07+0.36 100.120.60° ND* ND*
Acetic acid 2.20+0.76" 62.17+0.36° 58.91+0.24° 95.96+£10.04°  143.31+202.67°
‘Jinmaekcho’ Citric acid 3.05+1.87° 1.07+0.70° 0.69+0.34° 53.52447.72°  261.48+15.36"
Succinic acid 0.80+1.14° 6.83+0.06" 7.36£0.07* ND® NDP
Fumaric acid 2.09+0.26" 2.00+0.23° 1.80+0.43° 3.80+6.59 73.27+36.71°
Propionic acid 1.24+0.16° 3.56+0.52* 4.07+0.77* ND¢ ND¢
Total 21.36+6.56 185.1840.66 178.86+1.20 183.07+21.92  478.06+181.32
Formic acid 0.32+0.53° 0.16+0.06 0.05£0.07° 0.00+0.10° 18.35+6.82°
Malic acid 2.07£1.07 5.70+0.72° 7.28+0.11° ND* ND*
Ascorbic acid 4.39+0.28° 4.75+0.13° 4.57+0.25° 20.21%3.18° 89.75£20.07°
Lactic acid 0.64:0.90° 14.37+0.26° 20.8+0.37° ND* ND*
Acetic acid ND® 8.38+0.28" 8.97+0.42° 8.42+11.9° 58.08+6.57"
‘Mugukcho’
Citric acid 0.10+0.14° 3.67+0.01° 2.6140.25 6.84+0.48° 49.1148.78°
Succinic acid 0.14+0.19¢ 6.87+0.46° 7.88+0.30° ND* ND*
Fumaric acid 0.82+1.16° 1.90+0.18° 1.86+0.33 8.55+3.98" 45.05+9.50°
Propionic acid 1.13£0.04° 1.93£0.20° 1.74£0.22° ND* ND*
Total 9.6143.57 47734037 55.77+0.32 43.96+13.09  260.34+51.73
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(continued)
Fermentation period (weeks, mg/100 mL)
Vinegars
Organic acid 0 1 3 5 7
Formic acid 0.25+0.04° 3.91+1.47° 4.97+0.78" ND® 24.31+6.99°
Malic acid 3.49+0.17° 1.69+0.10° 1.95+0.04° ND? ND!
Ascorbic acid 4.51£0.47° 5.59+1.26" 4.54+0.29" ND° NDb
Lactic acid 3.7740.56° 709.80+4.01° 727.20+0.20° ND* ND*
Acetic acid 4.27+0.49° 311.72+1.19° 329.37+3 .48 269.15£106.69°  373.95+16.28"
‘Sajeolcho’
Citric acid 2.6240.82° 0.10+0.02° 0.29+0.05" 160.12+65.59°  201.90+0.53"
Succinic acid 0.91£0.94° 51.120.01° 57.500.00° ND* ND°
Fumaric acid 1.90+0.37° 1.89+0.10° 1.84+0.57° 37.82427.26° 46.12+10.69"
Propionic acid 1.06+0.22% 2.00+1.21° 1.75+1.04 ND° NDP
Total 22794334 1,087.8144.55  1,129.42+1.27 467.09£199.55  646.28+1.93
Formic acid 0.62:0.88" 0.3840.16° 0.49+0.30° 0+0.25" 0.1140.16°
Malic acid 3.14+0.36° 3.2240.26° 1.0240.07° ND* ND!
Ascorbic acid 0.00:£0.00° 4.67+0.37° 4.39+0.19° ND* 5.10+7.21°
Lactic acid 146.48+0.33* 91.99+0.93° 139.4+1.33° ND* 1.37+1.94¢
Acetic acid 8.54+0.62 39.51+0.18° 303.78+2.28" 24.26+0.51° ND*
‘Dongjucho’
Citric acid 1.02+0.58° 1.10£0.29° 1.17£1.21° 1,137.09+53.17° 891.2451.62°
Succinic acid 14.46+0.92" 9.65+0.46° 13.96+1.04* 0.05£0.17° 0.00+0.15¢
Fumaric acid 2.01+0.42% 0.81+1.14° 1.88+0.06™ 3.04+0.47° 2.61+0.50°
Propionic acid 3.81+0.76" 1.77+0.18% 2.55+0.88% 0.72+1.02° 0.68+0.95"
Total 180.08+0.54 153.1+2.28 468.64+4.10  1,164.98+52.03  900.52+62.24
Formic acid 1.11+0.37¢ 42.37+11.86 105.6+11.43° 11.58+0.05° 18.18+3.49°
Malic acid 5.79+0.54° 36.56+10.74° 96.25+35.30° 2.2143.12° ND*
Ascorbic acid 5.08+0.01° 114.12+14.85°  358.79+23.72° 8.2143.15° ND*
Lactic acid 5.32+0.11° 895.52+0.54° 218.01+13.73 8.94+10.01° 7.7340.15¢
Acetic acid 4.95+0.68° 207.79£1.70°  1,444.77+17.58" 44.56+8.62 163.79+9.99°
‘Daemaekcho’
Citric acid 3.98+0.74° 55.66+78.71° 78.24+110.65" 1,134.58£93.09"  1,160.37+30.58"
Succinic acid 243+1.13° 111.76£19.50°  217.42+19.99° 2.1740.44° 1.89+0.02°
Fumaric acid 2.97+0.21° 22.06£31.20°  126.00+19.85 15.39+0.61° 15.31+1.42°
Propionic acid 2.24+0.29° 95.98+61.27™  218.20+£123.03" 3.5242.36° 1.03+0.03°

Total 33.88+1.68 1,581.84+167.98  2,863.29+26.9 1,231.16£88.01  1,368.31+45.32
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(continued)
Fermentation period (weeks, mg/100 mL)
Vinegars
Organic acid 0 1 3 5 7
Formic acid 1.090.55% 2.56+1.06° 14.31£1.27° ND* ND*
Malic acid 3.50+0.35° 2.54+0.82° 27.4442 .54 ND* ND*
Ascorbic acid 4.16+0.01° 9.6246.19° 70.98+6.28° ND° ND°
Lactic acid 1.33+0.67 834.76+6.11° 667.63+3.19° ND¢ 99.4740.12°
Acetic acid 1.68+0.34° 134.38+3.94 156.03+10.65°  400.1345.10° 276.37+0.64°

‘Sokmigukcho’

Citric acid 2.63+0.24° 0.87+1.22¢ ND° 14331427.42°  187.35+3.37°
Succinic acid 0.21+0.23° 49.14+2.16° 55.59+11.34° NDP ND°
Fumaric acid 2.27+0.76° 0.86+1.22° ND° 66.95+33.20° ND°
Propionic acid 1.61£1.05° 1.35+1.92° 86.92+1.98" ND° ND°

Total 18.49+0.63 1,036.07£22.52  1,078.91+23.23 610.39+65.72  563.19+2.60

Formic acid 0.64+0.25° 0.46+0.26° 0.97+0.27° 24.81+16.73 19.16+6.98%

Malic acid 8.53+0.01° 1.63+0.89° 1.73+0.89° ND* 0.59+0.84°
Ascorbic acid 2.65+3.75 4.45+0.29° 2.49+3.53° 54.21+60.78° 7.67+10.85"

Lactic acid 4.79+0.28° 146.20+2.41° 161.61+1.20° ND¢ 0.68+0.96

Acetic acid 5.25+0.26° 9.2941.25° 13.27+0.28° 443.69+41.53"  430.53+54.23"

‘Chunyeoncho’

Citric acid 5.59+0.84° 4.40+1.88° 2.8540.3° 42.78+0.96° 54.2742.72°
Succinic acid 3.08+2.34° 7.90+1.04° 8.43+1.17° ND° 0.05+0.07°
Fumaric acid 4.73+1.03 2.3241.14 1.68+0.04 15.74422.26" 1.10+1.56°
Propionic acid 2.13£1.30™ 2.69+1.04* 2.26+0.64™ ND° 0.711.00®

Total 37.4+1.47 179.33+5.25 195.2843.05 581.23+12.76  514.76+59.81
YMeans with different letters in the same row are significantly different by Duncan’s multiple range test (p<0.05).
Not detected.
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Supplementary Tables

Supplementary Table 1. Changes in free amino acid composition of ‘Jinmaekcho’ according to the fermentation period

Fermentation periods (weeks, mg/mL)

Vinegar

0 1 3 5 7
Phosphoserine 0.1 0.1 0.1 0.2 0.17
Aspartic acid 0.1 0.1 0.1 0.03 0.04
Threonine ND” 0.1 0.1 0.1 0.49
Serine 0.1 0.1 0.1 0.23 0.27
Glutamic acid ND 0.1 0.2 0.35 0.43
Proline 0.1 0.1 0.1 0.83 0.98
Glycine 0.1 0.1 0.1 0.1 0.13
Alanine 0.1 0.1 0 0.13 0.16

Valine ND 0.1 0.1 0.5 0.6
Methionine ND ND 0.1 0.23 0.27
‘Jinmaekcho’ Isoleucine 0.1 0.1 0.1 0.2 0.28
Leucine 0.1 0.2 0.4 0.4 0.47
Tyrosine ND 0.1 0.1 1.28 1.52
Phenylalanine ND 0.1 0.3 0.35 0.44
y-Aminobutyric ND 0.1 0.2 0.7 0.77
Histidine ND 0.1 0.1 0.68 0.75
Ornithine ND 0.1 0.2 0.18 0.22
Lysine 0.3 0.4 0.7 0.4 0.47
Ammonia 0.1 0.1 0.2 1.43 1.61
Arginine ND ND 0.3 0.43 0.48
Total 1.2 22 3.6 8.75 10.55

UND, not detected.
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Supplementary Table 2. Changes in free amino acid composition of ‘Mugukcho’ according to the fermentation period

Fermentation periods (weeks, mg/mL)

Vinegar
0 1 3 5 7
Phosphoserine NDV 0.1 0.1 0.03 0.03
Aspartic acid ND 0.1 02 0.65 0.88
Threonine ND 0.1 0.1 0.43 0.57
Serine ND 0.1 0.1 0.63 0.81
Asparagine ND 0.1 0.1 0.35 0.44
Glutamic acid ND 0.2 0.2 1.08 1.33
Proline ND 0 0.1 0.15 0.22
Glycine ND 0.1 0.1 0.45 0.57
Alanine ND 0.2 0.2 0.85 1.06
Valine ND 0.1 0.1 0.48 0.65
Methionine ND 0 0.1 0.2 0.26
‘Mugukcho’

Isoleucine ND 0.1 0.2 0.63 0.83
Leucine ND 0.2 0.3 1.15 1.5
Tyrosine ND 0.2 0.2 0.88 1.14

Phenylalanine ND 0.2 0.2 0.88 1.14
y-Aminobutyric ND 0.3 0.4 2.83 3.67

Histidine 0.3 0.1 0.1 0.4 0.54

Ornithine 0.1 0.1 0.1 0.18 0.2
Lysine ND 0.6 0.7 1.98 2.64

Ammonia ND 0.1 0.1 0.25 0.31

Arginine 0.4 0.7 0.9 4.05 5.14
Total 0.8 3.7 7.6 18.53 23.93

YNot detected.
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Supplementary Table 3. Changes in free amino acid composition of ‘Sajeolcho’ according to the fermentation period

Fermentation periods (weeks, mg/mL)

Vinegar
0 1 3 5 7
Phosphoserine NDV 0.02 0.04 0.1 0.10
Aspartic acid ND 0.13 0.17 0.01 0.01
Threonine ND 0.07 0.08 0.65 0.75
Serine 0.05 0.09 0.11 0.33 0.38
Asparagine ND 0.02 0.03 0.44 0.50
Glutamic acid 0.05 0.18 0.22 0.11 0.11
Proline ND 0.05 0.05 1.06 1.17
Glycine ND 0.06 0.08 0.2 0.22
Alanine ND 0.21 0.24 0.29 0.32
Valine ND 0.1 0.11 0.8 0.93
Methionine ND 0.05 0.06 0.32 0.36
‘Sajeolcho’

Isoleucine 0.05 0.11 0.12 0.24 0.26
Leucine 0.05 0.24 0.28 0.5 0.53
Tyrosine ND 0.12 0.14 1.1 1.22

Phenylalanine 0.05 0.18 0.2 0.56 0.63
y-Aminobutyric 0.05 0.23 0.23 0.73 0.80

Histidine ND 0.04 0.05 1.24 1.31

Ornithine ND 0.18 0.22 0.2 0.23
Lysine 0.15 0.37 0.44 0.85 0.90

Ammonia 0.05 0.13 0.15 1.65 1.86

Arginine ND 0.09 0.15 0.33 0.35
Total 0.5 2.67 3.17 11.71 12.94

UND, not detected.
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Supplementary Table 4. Changes in free amino acid composition of ‘Dongjucho’ according to the fermentation period

Fermentation periods (weeks, mg/mL)

Vinegar
0 1 3 5 7
Phosphoserine 0.01 0.01 NDY ND ND
Aspartic acid 0.01 0.01 ND ND ND
Threonine 0.01 0.01 0.01 0.09 0.05
Serine 0.01 0.01 0.01 0.04 0.02
Asparagine 0.01 0.01 ND ND ND
Glutamic acid 0.02 0.02 0.01 0.09 0.05
Proline 0.01 0.01 ND ND ND
Glycine 0.01 0.01 0.01 0.07 0.04
Alanine 0.03 0.03 0.03 0.21 0.11
Valine 0.01 0.01 0.01 0.06 0.03
Methionine 0.01 0.01 ND 0.01 0.04
‘Dongjucho’
Isoleucine 0.01 0.01 0.01 0.07 0.03
Leucine 0.02 0.02 0.01 0.06 0.01
Tyrosine 0.01 0.01 0.01 0.02 0.01
Phenylalanine 0.02 0.01 0.01 0.04 0.03
y-Aminobutyric 0.01 0.01 0.01 0.17 0.12
Histidine 0.01 0.01 ND 0.05 0.03
Ornithine 0.01 0.01 0.01 0.06 0.04
Lysine 0.05 0.04 0.03 0.05 0.05
Ammonia 0.01 0.01 0.01 0.01 0.01
Arginine 0.07 0.06 0.04 0.04 0.03
Total 0.36 0.33 0.22 1.14 0.7

UND, not detected.
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Supplementary Table S. Changes in free amino acid composition of ‘Daemaekcho’ according to the fermentation period

Fermentation periods (weeks, mg/mL)

Vinegar

0 1 3 5 7
Phosphoserine NDV 0.01 0.02 0.23 0.23
Taurine ND 0.01 0.01 0.03 0.03
Aspartic acid ND 0.05 ND 0.04 0.06
Threonine ND 0.04 0.1 0.87 0.96
Serine ND 0.03 0.07 0.62 0.66
Asparagine ND 0.01 ND ND ND
Glutamic acid ND 0.13 0.33 2.95 0.29
Proline 0.05 0.04 0.06 0.52 0.57
Glycine ND 0.03 0.06 0.5 0.58
Alanine ND 0.08 0.26 1.73 1.88
Valine ND 0.07 0.1 0.81 0.96
‘Daemaekcho’ Methionine ND 0.03 0.06 0.45 0.48
Isoleucine 0.05 0.1 0.16 1.23 1.36
Leucine 0.05 0.2 0.32 2.27 0.45
Tyrosine ND 0.01 0.04 0.4 242
Phenylalanine ND 0.13 0.21 1.61 1.82
y-Aminobutyric 0.05 0.26 1.37 7.35 11.76
Histidine ND 0.02 0.05 0.41 0.39
Ornithine ND 0.03 0.08 0.63 1.18
Lysine 0.15 0.15 0.35 2.61 3.11
Ammonia 0.1 0.09 0.17 0.53 0.55
Arginine ND ND 0.05 0.86 0.44
Total 0.45 1.52 3.87 26.65 30.18

UND, not detected.
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Supplementary Table 6. Changes in free amino acid composition of ‘Sokmigukcho’ according to the fermentation period

Fermentation periods (weeks, mg/mL)

Vinegar

0 1 3 5 7
Phosphoserine 0.05 0.01 0.01 0.12 0.15
Taurine ND" 0.01 0.01 0.02 0.03
Threonine ND 0.01 0.03 0.18 0.22
Serine ND 0.01 0.02 0.23 0.21
Asparagine ND 0.01 0.02 0.1 0.05
Glutamic acid ND 0.02 0.01 0.33 0.23
Proline ND 0.01 0.05 0.06 0.05
Glycine ND 0.01 0.01 0.12 0.14
Alanine ND 0.02 0.02 0.46 0.51
Valine ND 0.01 0.06 0.17 0.2
Methionine ND 0.01 0.03 0.19 0.17

‘Sokmigukcho’

Isoleucine ND 0.01 0.02 0.29 0.37
Leucine ND 0.02 0.03 0.7 0.72
Tyrosine ND 0.01 0.07 0.07 0.06
Phenylalanine ND 0.02 0.02 0.42 0.36

7-Aminobutyric 0.05 0.03 0.06 223 3.5
Histidine ND 0.01 0.1 0.07 0.16
Ornithine ND 0.01 0.01 0.3 0.84
Lysine 0.15 0.04 0.03 0.89 0.11
Ammonia 0.05 0.02 0.11 0.12 0.09
Arginine ND 0.01 0.03 ND ND
Total 0.3 0.31 0.75 7.07 8.17

UND, not detected.
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Supplementary Table 7. Changes in free amino acid composition of ‘Chunyeoncho’ according to the fermentation period

Fermentation periods (weeks, mg/mL)

Vinegar

0 1 3 5 7

Phosphoserine 0.05 0.05 NDV 0.14 0.13
Aspartic acid 0.05 ND ND 0.04 0.03
Serine 0.05 ND ND 0.21 0.24
Asparagine 0.05 ND ND 0.11 0.14
Glutamic acid 0.05 ND ND 0.17 0.2
Proline 0.05 0.05 0.05 0.07 0.07
Glycine 0.05 ND ND 0.12 0.29
Alanine 0.05 ND 0.05 0.31 0.31
Valine 0.05 ND ND 0.18 0.19
Isoleucine 0.05 ND ND 0.45 0.48

‘Chunyeoncho’

Leucine 0.05 ND 0.05 0.19 0.18
Tyrosine 0.05 ND ND 0.15 0.17
Phenylalanine 0.05 ND 0.05 0.06 0.08
y-Aminobutyric 0.05 0.35 0.55 0.22 0.25
Histidine 0.05 ND ND 0.37 0.46
Ornithine ND ND 0.05 0.14 0.18
Lysine 0.2 0.15 0.2 0.21 0.27
Ammonia 0.1 0.05 0.1 7.12 6.91
Arginine 0.05 ND ND 0.35 0.31
Total 1.1 0.65 1.1 10.61 10.89

YND, not detected.



