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Abstract

According to the method described in the ancient literature “Imwonsipyukji”’, ‘Dochobang’ was mainly composed
of lactic acid (756.81 mg/100 mL) and acetic acid (473.66 mg/100 mL) as the main organic acids on the 14th day
of fermentation. The acidity of ‘Dochobang’ was 1.09%, resulting in low marketability. Therefore, this study aimed
to improve the manufacturing process of peach vinegar and optimize the conditions, including temperature and initial
pH, for producing high-acidity vinegar using fermented seeds. We first selected yeasts (Saccharomyces cerevisiae
YM27) with excellent alcohol fermentation ability and acetic acid bacteria (Acefobacter oryzifermentans (KACC19301))
with remarkable acid-producing ability and used these in the process-improved two-stage fermentation. The experiment
was conducted by 3 treatments of tepmerature(20C, 30C and 35C) and initial pH(3, 4 and 5) for acetic acid fermentation.
‘Dochobang’ fermented alcohol and acetic acid at the same time by natural fermentation. on the other hand, peach
wine starter and seed vinegar were added before each fermentation step to increase acetic acid production. Wines
fermented at 25T and 30 were found to be 9% alcoholic on days sixth and nine days, respectively. Organic acid
analysis revealed that the level of acetic acid in vinegar fermented at pH 4 and 20C increased steadily until day
14 (6,171.3 mg/100 mL). The acidity was 7% on the 21st day of fermentation. Furthermore, as the fermentation
progressed, the umami and sourness of the peach vinegar increased. We expect that our findings could improve the
quality of peach vinegar recorded in the old literature and can be used in small-scale agricultural companies.
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Z1A9] Aoy SollA Aok Beite] Yy Hroltt
(Jung -, 2017a; Kim, 2004). 7550k 2h52] o] 75t
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AlgHT= F2 okgo 7 o]8E|QItKCho 5, 2012; Jung
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Put peaches in a jar and
keep it for a week to make alcohol

|

Take the peaches out of the jar and
remove the peels and seeds

|

Ferment for 2 weeks to complete
peach vinegar

(A) Peach vinegar in "Tmwonsipyukji,

Fig. 1. Peach vinegar manufacturing process.
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The peaches are compressed, filtered,
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|

Add wine starter (0.5%) and
ferment for 2 weeks

|

Add seed vinegar (10%) and
ferment for 3 weeks

(B) Peach vinegar improved in this study



Table 1. List of yeast strains used in this study

Process improvement and quality characteristics of peach vinegar in ancient literature

No. Strain Species Source
1 YM22 Saccharomyces cerevisiae ‘Woorl%ul
oneul
2 YM24 Saccharomyces cerevisiae ‘Ul geum
3 YM25 Saccharomyces cerevisiae makgeolli
4 YM26 Saccharomyces cerevisiae
.. “Yuja
5 YM27 Saccharomyces cerevisiae makgeolli’
6 YM28 Saccharomyces cerevisiae
7 YM29 Saccharomyces cerevisiae
‘Woorissal
8 YM31 Saccharomyces cerevisiae wangmaesil
makgeolli’
9 YM32 Saccharomyces cerevisiae
10 YM34 Saccharomyces cerevisiae “Uiryeong
hwangsaegol
11 YM35 Saccharomyces cerevisiae  jeontong-gaju’
12 YM36 Saccharomyces cerevisiae
13 YM37 Saccharomyces cerevisiae ‘Sulseam
14 YM38 Saccharomyces cerevisiae Ehwaju
15 YM39 Saccharomyces cerevisiae
16 YM40 Saccharomyces cerevisiae Jukhyang -
saengmakgeolli
17 YM42 Saccharomyces cerevisiae ‘Hanbadang
18 YM43 Saccharomyces cerevisiae takju
19 YM44 Saccharomyces cerevisiae
20 YM45 Saccharomyces cerevisiae “‘Cheonma
21 YM46 Saccharomyces cerevisiae cyagl
22 YM47 Saccharomyces cerevisiae
Table 2. List of Acefobacter strains used in this study
No. Species KACCY
1 Gluconobacter oxydans KACC 11292
2 Gluconobacter thailandicus KACC 16338
3 Acetobacter pasteurianus KACC 17058
4 Komagataeibacter europaeus JY49  KACC 17712
5 Acetobacter oryzifermentans KACC 19301
6 Acetobacter pasteurianus A6 KACC 92202P
7 SLV-7 -
8 Y2019-1 -

YKACC, Korean Agricultural Culture Collection.
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System program, SAS Institute., Cary, NC, USA)Q} xIstat I



Process improvement and quality characteristics of peach vinegar in ancient literature 121

Z 1S o]-83dlo] FEAREA(analysis of variance, ANOVA)
St & Duncan’s multiple range testZ THaH| WS AA[SITH
4 @ 2
IS s ‘=2HP (5S50F A=) A=
IS A, 0] Exol 7|2 WO AU B
of 4)Z0] A=} pH WK Fig 29} Pk, B0} AL
pHE 3.59-3.93, AFEX 0.65-1.09%0]0, AFE= 2g 14Y
RAIE Ao SATIRF 21 A0l oF 0.6%2
SF9Ith(Fig. 2). §7|4F B4 A= Table 337} 2t} Acetic
acid= 14YxH473.66 mg/100 mL)7HR|+= S7161c7) 21
2K283.32 mg/100 mL)ol= FHaohks AFFE UERh
Acetobacter sp= ZAFS AAEIAZ 4 J= TCA J2E

B
[
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Fig. 2. Changes in acidity and pH of peach vinegars in
Fimwonsipyukji; according to fermentation period.

YValues represent the meantSD (n=3). Means with different letters
above a bar are significantly different at p<0.05.

Table 3. Changes in organic acid content of traditionally fermented
peach vinegar in TImwonsipyukiji, according to fermentation period
(unit: mg/100 mL)

Period (days)

Organic acids

7 14 21
Oxalic acid NDV ND ND
Malic acid ND ND ND
Lactic acid 619.48 756.81 748.40
Acetic acid 389.39 473.66 283.32
Citric acid 0.36 772 26.22
Total 1,009.23 1,238.19 1,057.94

UND, not detected.

7HA AL Q) O H(Sim 5, 2001), TE 14UAEH acetic acid”}
ast] AR RS RARgo] W] o] §8 %Lol
B2 acetic acidS THA] ol AISFeHA} B2 Bofots A
07 AZrEL) Lactic acid= 14Y21(756.86 mg/100 mL)7}t
2] Z7VSC7} 21 93K(748.40 mg/100 mL)o= A% 7Has)
911, Citric acid= 21Y92A7IR] 1235] Z7lol= HE5S 5
o} Jung 5(2018b)2] Aol WEH HrEHolE A X3t
A 29] §7)AF B4 AT, acetic acid”} 3,242 mg/100 mLZ
7F =9k, th2-0 2 lactic acid, succinic acid, malic acid
9] o= Yepyith 1o Hlsf & AglolA AT Hsof
A2 actic acid, acetic acid, citric acid &0 & 374t sk
o] E3tom, AAFer {74k dkgo] RIth 59 lactic
acid7} acetic acid=2tt T @o] BA4H A & wf of= 24
o ZAGHE 215 BJRES olgslo] AAH O WA= A
A2 WRe] A4 20 Fsl| dEeE Az

UTAE WESO0| 2435 52 MY

Kim 5(2013)2] A3o] 2 gut 472 Y8E 5
o XS Eofsto] COE Ao, o] IHgolA amnt
o Aoke 7| AR ThEA Yepdth £ Age Av=z

HRO] FE= 72417t Hg] 48A17F B2 CO, AJAFFO]
ESITHFig. 3). £3] YM32+&= F7F0] 0.16 g0 2 71 HWok
I, th20 & YM22, YM25, YM27, YM312 0.14 gOo & =
=]} Lee 5(2010)9] Eiro] w2 429 £4 £
2 awo| FHHc} kg Yo o7} o E AoE YERY
o}, FE 54 IYoIA | EolY TeF B0 IF
< & 4 Ao ok 2 Ao A= sniffing testE E5
Fo| £2 auE Aol 1 Z3E Table 49+ Atk
YM22= 258 & WAL, YM2794 = EEd YM313h
YM35: 143 8, YM38L HRILSE YM399F YM40S
AT, YM463 YM4A7S EFS Wt o] YM249}
YM260| A= ofeks 3 YM361}F YM37S EFF7} o
™, YM44+= 7EA HARZE et T 5 308, 1A1ZE Foll THA]
Z183t 23)2}, 353} sniffing testof| A T2 #= 5ol
HE WA Fodrh wEkA Co, AY/dTFo] S<potal AT
U= S, cerevisiae YM27S A% A|ZE 5t aH 2 A5}

A MHS0| 945 ZMF MY
A RS HRH R Gokry] S 2ANES T
#(CaCOx)0] A7HEl 4] HAo] sfesigick. ZAko] Al
e AR SARISS Bofehet(Asaiot Shoda, 1958)
SIS A7tstel BREEA Ko 2ikgo] AetAl
ShARo] EolElT [ete] 7917k Eoshalck. o] o] gt
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CO:s: production (g)

A EAFFESA A2sE AT (2021)

72 h
E48 h
B24h

YM32 YM22 YM25 YM27 YM31 YM24 YM26 YM28 YM29 YM37 YM42 YM35 YM38 YM39 YM40 YM45 YM46 YM47 YM36 YM43 YM44 YM34

Fig. 3. CO; production during fermentation by yeasts.
DValues represent the meantSD (n=3). Means with different letters above a bar are significantly different at p<0.05.

Table 4. Sniffing test to select strains for alcohol fermentation

Yeast strain Ist 2nd 3rd
YM22 Sweet - -
YM24 Ethanol Ethanol -
YM25 - - -
YM26 Ethanol - -
YM27 Grape Ethanol Ethanol
YM28 - - -
YM29 - - -
YM31 Savory - -
YM32 - - -
YM34 - - -
YM35 Savory - -
YM36 Off-flavor - -
YM37 Oft-flavor - -
YM38 Banana - -
YM39 Fruit Ethanol -
YM40 Fruit - -
YM42 - - -
YM43 - - -
YM44 Gas - -
YM45 - - -
YM46 Flower - -
YM47 Flower - -

we) 438 ZgoRH A IS et
o]-8% 850 ANt T FEEC] 30 mm oo
e AN 335 (Acetobacter pasteurianus; Acetobacter
oryzifermentans, SLV-7)°|™, 20 mm ©|A=2 33 Glucono-
bacter thailandicus, Komagataeibacter europaeus, Y2019-1),
10 mm ©)A2 Gluconobacter oxydansZ YEPHTE ESE 10
mm OJ5}2 SA% 5= Acetobacter pasteurianus A6°|3]
CFig 4). A AH5S HFHOR Wrisp| Sfo) SR o
Zele Wgelol AL WSS 2ReIgon, Ba oAl
27981 AHEQ) 0.6} SEER AES 99A}2] 2k v
WO R 7t ZARR0] Ui A 452 SiIsk)
(Table 5). A A/ds0] 7P =A UERS 4. onyzifermentans
= 94RO 7.18%= &HEYoH, th2o=F SLV-70]
6.00%3 7] Urebdel. weba] AF Aol 7bg e 24
aF A. oryzifermentansg A% A|ZXE Y3 ZARFOZ At

shoit

oE U432 L W5
2o T EFol HaFo| g, 4IE 55 574
A3}, 18T A 9UAJof| DFL 57 7.5%0] =3
9, 25CoAE 9.1%, 30C oAl 9.7%°]tHFig. 5). Cho
5(2000)2] QoA BEO}F HANFS FAl0 H7Iok= B
HiE WO = 21 °Brix E50F G52 YEE 1822C 2
T R7A00A AxE Az 23, A dFE 57t 89t
o 9.8%E YEHATE. o= ByELFE B AX3 55
o} 21219} 9UA} LTS L} ARSI OH, H5ot 152
i | 7t Hish| fiiZol] A oE YFE st H
St Zo= pggt 2 AfolA 43 UE 257} 259

rEi rol
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G. oxydans G. thailandicus A. pasteurianus K. europaeus JY49

A. oryzifermentans A. pasteurianus A6 SLV-7 Y2019-1

Fig. 4. Qualitative evaluation to assess the acid production ability.

Table 5. Quantitative evaluation to assess the acid production ability of acetic acid bacteria

Period (days, %)

Species
0 3 6 9

G. oxydans 0.66+0.12"2 0.74+0.09° 1.28+0.03¢ 3.26+0.03¢
G. thailandicus 0.66+0.12° 0.70+0.03° 1.74+0.06° 3.02+0.03°
A. pasteurianus 0.66+0.12* 0.68+0.03° 1.46+0.03° 3.12+0.00°
K. europaeus JY49 0.66+0.12° 0.76+0.03° 1.28+0.03¢ 3.02+0.03°
A. oryzifermentans 0.66+0.12" 1.90+0.03° 4.1840.09" 7.18+0.07°
A. pasteurianus A6 0.66+0.12* 0.74+0.03° 1.4840.03° 2.80+0.03¢
SLV-7 0.66+0.12° 2.00+0.09° 4.18+0.03° 6.00£0.06°
Y2019-1 0.66+0.12° 0.68+0.03¢ 1.10£0.03° 3.44+0.03°

YData values were expressed as meanSD of triplicate determinations.
DValues followed by the same letter are not statistically different by Duncan’s multiple range test (p<0.05).

18°C ~ 25°C 30°C

—_ ——Brix -4#--Alcohol N - ——Brix -4#--Alcohol ;\? R ——Brix -4--Alcohol :
B 15 X225 155 X025 15 <
= S =z S = s
= b=} = 20 = = 20 90 9.7 10.1 2
=2 0g £ 100 £ .- ——-a----4 10 &
- . o 15 & o 15 - =
=] ) =] s = s
= S = 10 51 = 10 S
2 S5 ¢ S E B -
2 A S =2 o S
s 02 S om 02 5 om 0z
3 s F 0 3 6 9 14 g g 0 3 6 9 14 E
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Fig. 6. Changes in free sugar contents of peach wine during fermentation period at various temperatures.
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Table 6. Changes in acetic acid of peach vinegar during fermentation period at various initial pH and temperature

(unit: mg/100 mL)

Temperature Fermentation period (days)
pit © 0 3 6 9 14
20 444.9+10.6"* 921.0+1.9° 1,088.6+3.0° 2,856.5+19.3¢ 5,912.5+16.5°
pH 3 30 444.9+10.6" 1,015.243.2° 3,406.2+4.2" 5,551.7+15.0° 5,668.4+13.7°
35 444.9+10.6" 723.6+1.2 912.2+4.2° 693.3+0.6" 2,516.6+2.6"
20 324.443.5° 577.3+1.6" 1,015.2+11.6° 4,376.4+116.0° 6,171.3+220.3
pH 4 30 324.443.5° 785.9+0.6° 2,785.7+47.1° 4,289.6+21.7° 4,659.1£39.7°
35 324.443.5° 577.4429.5° 485.120.5' 1,095.9+1.6" 4,897.2424.5
20 307.0+1.2° 602.9+1.6° 817.3£1.9" 931.149.0¢ 4,589.6+7.9°
pH 5 30 307.0+1.2° 712.0+0.6 785.6+3.8¢ 2,721.545.5° 4,578.8+7.7°
35 307.0+1.2° 579.4+1.5° 548.9+1.2" 507.0+0.3' 460.0+5.7¢

YData values were expressed as meantSD of triplicate determinations.

YValues followed by the same letter are not statistically different by Duncan’s multiple range test (p<0.05).
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Fig. 9. Changes in organoleptic characteristics of peach vinegar
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A, changes in organoleptic characteristics of peach vinegar by electronic
tongue; B, changes of intensity scale in organoleptic characteristics of
peach vinegar by electronic tongue.
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