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Abstract This study examined the quality and characteristics of vinegar manufactured traditionally using
various starters, such as Jinjugokja, Songhakgokja, and SanSeongnuruk. The quality characteristics were
compared by conducting organic acid analysis, aroma component analysis, amino acid content, DPPH
radical scavenging activity, ABTS radical scavenging activity, total polyphenols, and sensory testing. Eight
types of organic acids, excluding acetic acid, were detected. Lactic acid and succinic acid showed high
concentrations regardless of the type of starter. Six esters and four types of higher alcohols were
detected as aroma components, and esters and higher alcohols significantly increased after aging for six
months. Seventeen types of amino acids were detected, and the levels increased after aging for six
months. ABTS+, DPPH, and total polyphenols increased after aging for six months. The sensory test
revealed Songhakgokja to have the highest scores in sweetness, sourness, umami, and overall preference.
The above results show that the quality characteristics of the vinegars made from various starters were
excellent. On the other hand, vinegar using Songhakgokja had a high total polyphenol content and high
DPPH radical scavenging activity. Songhakgokja has excellent antioxidant activity and a high amino acid
content. Therefore, if Songhakgokja is widely industrialized and developed for seasoning foods and

beverages, it is expected to be used widely as a new functional vinegar to improve public health.
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Fig. 1. Vinegar manufacturing method
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231 QU1 2Y
=]

48 Fol AP=EE 10719 /714 £4517] Slsh
AlZE A5t 0.2 mm membrain filter® oJ1}gF
HPLC(Waters 2489, UV/Visible Detector)Z £4J5}
et A2 TSKgel ODS-100 (4.6 mmx 250 mm X
5 um, JAPAN)E AR5 Column ovend] 2&+=
35CE AASIAAL, oled= 150 mM NaHPO4
Phosphate buffer pH 2.0& 1.0 m{/mino2 Z3
At EHZRAL Table 13 2t}

Table 1. Organic acid analysis conditions

Waters 2489
TSK-GEL ODS 100V

Column (4.6mmi.d. X 250mm, 5m, 12nm)
Temperature 35T
Flow rate 1 ml/min
uv 210, 220 nm
Eluent 150mM NaH:POs4 phosphoric acid
Injection volume 2ul

232 & = 24

e 3 AAEE Acetaldehydee} Ethyl acetate
59 dAHF, 181 fusel oil 5 IF/HGES A=
100 m(oll 357" 30 m{E 21 heating mantleo|A] 7}
Fgopirt. =A™ FRFA 95 wE FHsld SHS
£ Yol 237K A& & 7IAI=ulE T E o]8sto]
B899} Agilent 7890B GC System(Agilent 7697A
headspace Sampler, Flame Ionization Detector(FID))Z,
Z¥2 HP-INNOWAX (30 m*0.25 mm, 0.5 um}Z
ARESEE. %= Injection-200C, Detection-25
0C=Z AAsIY 1, Carrier gase N; gasE 1 ml/mim
02 H, gas®t Aire 2} 30 ml/min?} 300 ml/mim
o= ZHFUh

719

HI

2.3.3 OfO|tc it

] AASRIES op)ieil AFEEA7)(1-8900, Hitachi
Co., Tokyo, Japan)& ARESIATE A& 5 mol 5%
trichloroacetic acid(Junsei Chemical Co., Ltd, Japan) 5
s F7Ft & YHE(ET, 12,000 g, 15 min)stl
ot A HE 314%F thS 9§7H0.2 #m, Millipore Co.,
Cork, Ireland)dt Z& B4t o, B2 A2 A=
ALY wiRd-S wEithHitachi high-Technologies
corporation(2014) L-8900 Amino Acid Analyzer).

2.3.4 DPPH 2iC|H AAS

A& 0.5 mf ©] 0.2 mM DPPH &9 2 W& &3k
A2oA 3087 FA] AlZl £ 517 nmelA FEEE
EAst3loH, AE 7t vd7EY] S8 Aolg
ofgfet Zo] A4ilste] MEEE eyl

DPPH radical _ (1-ANEH7 T8/
scavenging activity(%) A @B H7EESE) x 100

2.3.5 ABTS 2iL|d ANs

A2 20 uell ABTS %ol 2(ABTSH) 8 980 niE
7tsto] ALoIA GEZE WA F 734 nmolA FHE
g zysigon, AR Akea uAskee B9 &

ol ofefie} o] Altstol MEa= HERAIT

ABTS+ radical _ (1-AEEE8/
scavenging activity(%) AZHA7EESE) x 100
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236 & 2¢H=
A& S5 10 iE Y2 A™E] 0.1 f, 0.5 mf
£ 47 411, RuE 4A5HA 571 s A& 0.1 ml
22 AIFTlE 0.9 miE 0.5 ml B2 AlETAl= 0.5 miS]
+5 92 & ZF AgHo| 2N Folin-Ciocalteu Al
FZ 1 mfd Y2 7 AL0A 387 1A, ZF Al

l‘
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F8 7] B3} {71419 A¥ZE3k= SPSS program
(Version 21.0, Chicago, USA)E ol-&sto] ZF A
9] P FokaL, AlEZHe] Aol AE2 A HjA] £4b
BA(ANOVA)S ARE3H99e™ Duncan's multiple
range testo] @2} p<{.05 FFoA FES AFIA:

3.z ¥ 1%

3.1 979 B 54

3.1.1 39| pHet SAT:

Table 2+ 339 =)ol oA AxH &
o Fabddtolrt, 959] pHE ¥32 WA & 5
7t 4,658 7P A UEEo U §9lFRl Fo]
AoZ e Lee 51319 dFoAME ABHFE
2 G953 49 pHE 4.32-4.430% YEytiT 5t
o, FAL WA FstaAE AgAlsty] dio] pH
£ Adog {AsH ok AoE gEA Utt3] 2
AFAHNNE F()O] pH= 4.29-4.658 HEHES
o, FYH0 & Ao|7} YA Attt g A5 F4h
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HE aEY ZANF 59 nAE ZEoR AR 9
Eoll A7) AFER ()] SR} nABES 4
o wtet F4bE FAokE A4 B4 B THEA
Uel= Zoz d#A Qlek13].

N
8 1o
go]
T

rr
o2 U

h

]
Y

o rr

Table 2. pH and total acids(%) of Won-ju(raw
makgeoll)) according to the type of Starters

sample pH Total acids(%)
Jin Ju 4.39™ 1.18™
Song Hak 4.65 1.09
San Seong 4.29 1.32

" Not significant

3.1.2 EF9 RIIM o

g () FFO WE T FF H T
Table 33 #t}. {7142 =(8) 7ol BA §lo] 24t
o] 7 wWol AEHUAL, AL, THME, PG, ARt
2 ()] FFOl weh Aol7h wr it Tk
SHRYE, A B SEEACIM fejRer T @
o] HEHUeH, Fite] A% F=AlA 197.21
mg%=E 7P Bol e A0® YEEeH(p(.05), 2
AFO] A9 XA 04 26.11 mgh=E FH o= 7
A HEH Ao YEhth

Table 3. Organic acid in Won-ju(raw makgeolli) according to the type of Starters (mg%)
Sample Citric acid Malic acid Succinic acid Lactic acid Acetic acid Total
Jin Ju 35.0142.02° 69.45+1.81° 58.15+9.85 197.21421.19° 26.11+4.52° 385.84+7.86°
Song Hak 63.36+9.41° 74.09+1.93° 64.33%£15.11° 169.14+30.44 91.08+6.73" 461.35+12.01°
San Seong 55.13+4.97° 54.37+6.66° 66.70+16.33" 147.03£18.75° 41.81+8.37° 363.64+10.09°

#¢ Values with different superscript within a same column are significantly different at p{.05 by Duncan's multiple range test.

* Bach value is expressed as mean#SD.
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Table 4. Fragrance content of Won-ju(raw makgeoll)) according to the type of Starters (ppm)

Won-ju(raw makgeolli)

Item(ppm)

PP Jin Ju Song Hak San Seong
Ethyl acetate 5.81+0.11° 6.73+0.42° 4.40+0.10°
Vinyl acetate 0.53+0.20° 0.16+0.01° 0.63+0.11°
Isobutyl acetate 0.41+0.00° 0.39+0.11° 0.16+0.01°
Isoamyl acetate 4.83+0.31™ 5.73+0.11 4.73+0.33
Diethyl succinate 0.10+£0.00™ 0.1940.01 0.30+0.00

Phenethyl acetate ND 0.36+0.02 ND
X EBsters 11.68+0.62" 13.21+2.20° 10.2240.54"
Isoamyl alcohol 2.33+0.31° 4.06+0.11% 3.01+0.11°
Isobutanol 0.13£0.01™ 0.16+0.00 0.30£0.00
2-Ethylhexanol 0.1940.01™ 0.10+0.00 0.27+0.01
Phenylethanol 12.43+1.44° 15.89+3.14° 12.83+2.71°
X Higher alcohols 14.33+1.6° 17.53+4.1° 13.88+2.51°
Isobutyric acid ND 0.2840.01 0.23+0.01
Isovaleric acid 0.93+0.11° 0.00+0.00° 0.93+0.20°
2 Fatty acids 14.33+0.10 17.81+0.0° 14.0340.12°
Acetoin 0.41+0.00™ 0.48+0.11 0.37+0.02
Benzaldehyde 0.35+0.11™ 0.19+0.01 0.10£0.00

*® Values With different superscript within a same row are significantly different at p<.05 by Duncan's multiple range test.

"™ Not significant * Each value is expressed as mean=SD.
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Fo =()elA EME oA F= FAE
13.21 ppml & ZFIAe} AHJFFHET Fojdoz
A FEHAHPC.05). BrFES Folshs HLoMAE
O|E= 339 AlFF HFoA wie A2 st HEH
o] Y59] Foll mA= ol vlvlet Ao wekEh
Lo AL Fg Folohs 17 FIEFE F 430
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Table 5. Amino acid content of Won-ju(raw makgeolli) according to the type of Starters

Won-ju(raw makgeolli)

Amino acids
Jin Ju Song Hak San Seong
Aspartic acid 16.01£1.51™ 14.22+1.73 11.45+2.06
Threonine 67.5749.18" 51.54+35.31° 74.56+10.30"
Serine 54.87+7.23™ 48.77+9.34 55.68+8.29
Glutamic acid 124.34423.12° 102.64+191.32° 154.54+17.51*
Glycine 116.74+22.36° 124.46+12.43° 57.95+8.73°
Alanine 278.86+50.11° 425.82+67.11° 285.33+44.17°
Valine 104.93425.14° 120.09+18.81% 137.47+18.70°
Cysteine 0.15+0.11° 0.29+0.01° 0.15+0.08"
Methionine 10.02+1.02° 16.08+2.81° 13.71+1.63°
Isoleucine 50.25+3.31% 64.43+4.18" 34.56+2.91°
Leucine 78.81+7.11° 87.83+5.94° 96.36+12.16°
Tyrosine 20.95+1.42° 29.9245.11° 47.37+3.33"
Phenylalanine 10.62+1.44° 8.09+0.91° 19.84+1.15°
Ornithine 108.98+13.12° 91.18+21.17° 58.81+17.19°
Lysine 97.34+12.37° 97.27+17.70° 28.94+2.15"
Histidine 57.82+7.73™ 54.34%+11.11 57.7147.93
Arginine 0.23+0.01° 0.5940.02* 0.89+0.03

Total amino acids

1,198.26+35.21%

1.336.97+40.88°

1,133.09465.12°

¢ Values with different superscript within a same row are significantly different at p{.05 by Duncan's multiple range test.

* Each value is expressed as mean+SD. * ™ Not significant,
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* ND is not detected.
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AL GASE FAo] BE4E A HozS aibyo

Table 6. ABTS(%), DPPH(%) and Total polyphenol contents of Won-ju(raw makgeolli) according to the type of

Starters
- o o Total polyphenol
Division sample ABTS+(%) DPPH(%) (ma/100ml)
Jin Ju 91.314+9.70° 5.73+0.71% 547.04+18.23%
(1‘awwrrci;ll;g;olli) Song Hak 78.54+7.05° 2.2840.17° 475.58+23.34°
San Seong 88.37+5.41° 2.89+0.55" 614.64%31.23°

*b Values with different superscript within a same column are significantly different at p{.05 by Duncan's multiple range test.

* Each value is expressed as mean+SD.
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Table 7. Organic acid after acetic acid fermentation and 6 months aging vinegar according to the type of

Starters
Acetic acid fermentation 6 months aging
Item(mg%)
Jin Ju Song Hak San Seong Jin Ju Song Hak San Seong
Citric acid 30.0942.03" 28.44+1.81° 51.2549.43" 59.78+8.13" 40.54+3.13° 74.3244.22°
Malic acid 58.83+1.81° 50.09+5.51° 71.36+1.92° 81.92+1.90° 65.3242.62" 50.07+3.41°
Succinic acid | 111.78429.81°  90.87+20.53" 100.42425.13° | 112.32423.81™  119.31%36.30 113.58+22.77
Lactic acid 97.03+21.11°  201.94+11.91°  169.56+30.47° 114.23+31.08°  175.34+29.21°  179.78+15.23"
Oxalic acid 45.78+13.02° 28.11+9.03" 33.36+10.61° 42.45+9.82° 48.59+11.17° 39.28+8.63"
Tartaric acid 0.16%0.01 ND 0.19%0.00 ND 0.14%0.01 0.24+0.01
Fumaric cid ND ND ND ND ND 0.1940.01
Formic acid 47.09+10.87° 29.65+4.32° 43.45+7.13° 107.62+21.63" 97.67+17.44" 89.33+12.31°
XOrganic acid | 388.84+11.31°  426.26+10.91°  467.33+26.21° 515.51+12.82°  544.44+14.13"  543.67+17.61°

a~c

Values with different superscript within a same row are significantly different at p{.05 by Duncan's multiple range test.

* Bach value is expressed as mean+SD. * ™ Not significant, * ND is not detected.
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Table 8. Fragrancecontent of acetic acid fermentation and 6 months aging vinegar according to the type of

Starters
Acetic acid fermentation 6 months aging

Item(ppm)
Jin Ju Song Hak San Seong Jin Ju Song Hak San Seong
Ethyl acetate 3.1740.91° 3.35+1.01° 4.97+1.22° 7.38+1.14" 9.1240.81° 8.09+0.91°
Vinyl acetate 0.23+0.00™ 0.11%0.00 0.28+0.02 0.43+0.01° 2.44%0.01° 0.44+0.02°
Isobutyl acetate 0.45+0.01™ 0.33+0.00 0.23+0.01 0.1840.02° 0.83+0.12* 1.1740.03"
Isoamyl acetate 3.93+0.21° 2.9340.61° 3.1740.21° 7.56+0.21° 4.85+0.91° 8.85+0.75
Diethyl succinate 0.15+0.00™ 0.28+0.02 0.19+0.02 1.1740.03° 0.7940.04* 0.48+0.02"
Phenethyl acetate 0.87+0.11° 0.1740.02° 0.28+0.03" 0.49+0.13 ND 0.10+0.00
X Esters 7.93+1.12° 7.34+2.18" 8.84+3.03" 16.7240.38" 18.03+0.52° 19.0342.23°
Isoamyl alcohol 2.47+0.71™ 2.0940.91 1.81+0.22 5.74+0.96" 4.45+0.83" 4.16+1.61°
Isobutanol 0.23+0.01™ 0.13+0.00 0.33+0.01 0.1240.00° 0.38+0.03" 0.44+0.05"
2-Ethylhexanol 2.05+0.21° 4.14+0.50" 3.48+0.83" 3.2640.12" 8.6740.31* 2.26+0.77°
Phenylethanol ND 0.15+0.01 0.27+0.02 0.43+0.01™ 0.46+0.01 0.39+0.02
X Higher alcohols 12.6840.93° 13.36+1.81° 14.46+2.18° 25.8440.25" 31.5340.62° 25.89+0.62°
Isobutyric acid 0.16+0.00" 0.14%0.01° 0.41+0.00% ND ND 3.48+0.02
Isovaleric acid 1.23+0.71° 0.73+0.10" 5.46+0.20° 1.7740.11° 2.3940.18" 3.3640.13"
X Fatty acids 1.39+0.11° 13.54+0.71° 14.87+0.13° 25.8440.13" 31.5340.61* 29.3740.13°
Acetoin 4.09+1.21° 0.98+0.11° 1.9140.25" 3.44+1.11° 0.56+0.12° 1.6140.32°
Benzaldehyde 0.44+0.02° 2.08+0.53° 0.7940.11° 0.16£0.00° 1.45+0.36" 1.18+0.20°

¢ Values with different superscript within a same row are significantly different at p{.05 by Duncan's multiple range test.
* Bach value is expressed as mean+SD. * ™ Not significant, * ND is not detected.
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Table 9. Amino acid content of acetic acid fermentation and 6 months aging vinegar according to the type of

Starters

Amino acids

Acetic acid fermentation

6 months aging

(ppm) Jin Ju Song Hak San Seong Jin Ju Song Hak San Seong
Aspartic acid 10.04£1.53" 9.08+1.97° 24.39+4.11° 16.12+2.15° 532+2.01° 43.25+3.33°
Threonine 61.43+5.15° 54.40+5.13" 47.1842.93° 81.46+7.57" 137.14425.82° 70.59+6.16°
Serine 58.09+11.14" 64.77+9.85° 40.11411.13° 79.55+16.57° 42.37+4.83° 86.84+9.57°
Glutamic acid 100.08+15.10 97.8249.98" 174.29+31.30 121.07+24.71° 153.12423.94°  123.14%21.51"

Glycine 123.16+17.62™  129.29+30.12 116.45+7.95 141.29+33.80° 110.74+18.51°  167.11+22.85°
Alanine 274.39450.11%  279.45+36.51 311.17427.62 301.37+41.81° 347.12422.23"  244.19+38.41"
Valine 109.14+25.08°  128.03+14.51° 104.88+9.73 118.67+18.73" 174.23+34.23" 81.19421.17°
Cysteine 0.2140.00™ 0.42+0.23 0.27+0.12 1.11+0.09° 0.2340.01° 0.1240.01°
Methionine 15.4243.11° 23.0546.12° 19.81+2.71% 21.4345.11° 78.77+8.86" 64.09+1.85"
Isoleucine 59.29+3.14* 41.3945.13" 36.24+3.82" 67.26+3.44" 121.02+13.81° 34.77+8.82°
Leucine 114.05+1.63° 97.88+9.92" 108.45+18.87" | 121.19427.53™ 120.16+25.81 276.25+33.62
Tyrosine 25.34+2.31 50.7449.94" 48.27+13.13 33.2743.93" 64.74+8.45" 43.73+8.42"
Phenylalanine 10.07+1.46™ 7.08+0.96 8.62+1.67 24.19%2.11° 5.94+1.58° 59.26+3.74*
Ornithine 174.07+18.13" 79.38+4.96° 109.23+22.19° 187.91424.94° 97.14+12.51° 118.11+21.41°
Lysine 42.61+7.83" 80.09+10.17* 38.56+6.72" 43.08+8.13" 110.88+19.91° 47.38+4.83"
Histidine 85.61+7.27° 64.79+8.15" 57.55+6.64" 121.88+19.91* 57.1849.11° 54.55+6.41°
Arginine 0.2940.03™ 0.1940.01 0.58+0.02 1.72+0.16° 0.16%0.03 0.24+0.01

Total amino acids

1,259.18+34.21°

1,207.66+16.35"

1,245.47+82.99"

1,480.85+79.73"

1,621.21+21.27¢

1,509.66+20.21¢

#¢ Values with different superscript within a same row are significantly different at p{.05 by Duncan's multiple range test.

* Each value is expressed as mean#SD.
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Table 10. ABTS(%), DPPH(%) and Total polyphenol contents according to the type of Starters

Acetic acid fermentation 6 months aging
Division
Jin Ju Song Hak San Seong Jin Ju Song Hak San Seong
ABTS+(%) 87.03+11.21™ 89.28+9.34 89.26+15.04 92.18+8.97° 101.07+18.65*  91.08+19.40°
DPPH(%) 4.59+1.43% 4.184+0.92° 2.93+0.72° 7.82+1.37° 7.76+0.75° 1.91+0.20°
Total polyphenol(mg/100ml) | 510.82+29.64" 420.04+28.85" 319.23+34.08° | 567.32+43.74° 616.22+33.41" 514.04+19.53"

¢ Values with different superscript within a same row are significantly different at p{.05 by Duncan's multiple range test.

* Bach value is expressed as mean+SD. * ™ Not significant.
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Table 11. Sensory characteristics of of vinegar according to the type of Nuruk and Ipguk

Sample Sweet Taste Sour Taste Umami Taste Flavor Overall preference

Jin Ju 3.41+0.11° 4.27+0.43 4.31+0.30° 4.51+0.20™ 4.03+0.41°
Song Hak 4.53£0.32" 4.61£0.13" 4.81+0.21" 4.54%0.12 4.74+0.22"
San Seong 4.68+0.12° 4.30+0.32° 4.33+0.11° 4.30£0.21 4.22+0.11°

* Values with different letters(a,b,c,d,e) in the same column were significantly different at p{.05 by Duncan's multiple range test.

* Bach value is expressed as mean+SD.
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