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Quality characteristics of whey makgeolli vinegar produced
using Acetobacter pomorum TWV-03
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Yoon-Kyung Kwon', Dal Bae?, and Yong-Doo Kim*

Department of Food Science and Technology, Sunchon National University
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*Gwanseong Takju consolidation berewery

Abstract The aim of this study was to develop various types of vinegar using whey. Amongst various acetic acid-
producing strains, Acetobacter pomorum IWV-03 strain was selected as an excellent strain for the production of whey
makgeolli vinegar. The acidity of this vinegar was found to be 5.6%. The total organic acid content and the free amino
acid content of the whey makgeolli vinegar were 5.5 and 5.9 mg%, respectively, which was higher than that of the control
makgeolli vinegar (5.0 and 4.5 mg%, respectively). In addition, DPPH and ABTS radical scavenging activity of whey
makgeolli vinegar were 49.85 and 63.46%, respectively, which were again higher than that of control makgeolli vinegar

(27.20 and 19.22%, respectively).
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2018 A27} 60%, SRS HE7F 40%E AXITL A3 BF
WS AR ET} 39%, AVHET} 14%, Z1e BN
7 6% WAsle) qlek13), Bdel Hxe wee) F 4R
s GRS YR sol YLWASH ZLEE SAH0
2 AR A1), el T, e 5 ]
PARL BRI U0 HAY FHEL AL, TRk

o= 1w

Z, FUUAE Sl APste] GAE AR AXE dodle &
A &A= & BEo] ZtK15). 3 2Ate it &
TS AR AN F e A Alg JH(16)e2
AEdaro] —a—Mﬂ ubdele] o|g-sted wde]e] mAE, vitamin
B, olulx=At, 714t B9 71549 EA4L 7dE 4 o A
549 754 Azl Bl HE E 4 Jui AlsETh

wep AZlEE 39 AR Ash 259 3F % o

3 f3o wg A% A AFE 53 1FF Az A g

ol Rzt g A, dazdd grsly e £ wA

g &8 Hx N A7E T A2 Bgs 2 aEsl
[e)

AL, Atk vpATE SRFEBAA AR e e
& skl ARBSITh Az Axel AHgE g 85 3
dista g ssteteste] AXE A7) () A 0], CHP-

8800, Hwasun, Jeaonnam, Korea)e] S 100°CE 7[€3 &
23-25°C W¥7kste] ARg-skiTt.

A 2% % K|

Al ol3 aF2 Atae S 4EFA 45
MAEAIGAN BAFY $2E SilSel £ 22
H 2ee #5E A u} wa)o} 2aMA0] S5

T+TE AR g wiA= leco (Sparks, MD, USAV} =&
< AH8etl o A (veast extract 1%, glucose 5%, CaCO,
3%, agar 2.0%, pH 7.0)2} < A|8]A](yeast extract 1%, glucose
5%, acetic acid 2%, pH 3.0)= 314 7](autoclave)ell A 121°C,
1587k Astslo] 45°C2 WA tha olehe-S HahlAlolle 4%,
AA R ol = 7%= ZHzE Hrrsted S-SRt

UMY 7Fo| B2, S8 € 5+ #F ﬁx"

28 e SAUsa AFAES AN B F
1 FZ2E 30°CollA 24417 E3F v st %“éﬁ]"\]’:’l =, A
A2 A sAste] 02mLE E8E B =%
wFatATt. 30°CellA 3-4L &<t vigFate] colony F-¢lo FH
i ﬂ(H"i)g Bt a7t ATESE o8t R4S AT
T JE dFE WYL BES wiR]o) o]4sle] BashaAM %
MY ST LR /\]*%- st

A g HFFE 3,000 pmell A 10827 LA F Wan
=(17)¢] WhHol weh 785F = 907R ko] v (primen® forward
(5") W reverse (3) WIS ERIs] fl8] (F)RFAEA (Mac-
rogen Inc., Seoul, Korea)oll 16S rRNAS] 7MY H49S 2|23}
o EXE DNA 97148 UX]s= FH-S NCBI (National

Center for Biotechnology Information) BLAST (Basic Local
Alignment Search Tool) programell ¥&3ale] F7|MFo] A3
& IS TE PCR 4 =712 27| (initial denaturation)
95°C 5%, Z28]3L 95°CollA 60% denaturation, 55°CollA 60%7F
annealing, 72"C°ﬂ*1 6027} extension cycles 353] 48 3}Ht}.

AT s #7E A8 S8l dAAE Az
sle] F28 HyhiRA] 24 A #FE Y #5ES A
Z3laL X8l 7] (shaking incubator) (Kiya Seisakusho Co., Ltd,
Kawagoe, Saitama, Japan)E AFE-3te] 30°CollA 8U7F 150 rppmS
2 et & AR Stk 24 Aol 7P &
T3 45 ALk

S ES ES
HZT AdE 24 FF Acetobacter pomorum IWV-03 1%
121°CoA 1587 EAIZL AAEIA] 100 mLoll HE3haL shaklng

incubator (Kiya Seisakusho Co.)& ©]-&3}o 24A17F &<t X8|
% AR F uiFAE 300mLE FThake] 30°CelM 397 150
pml 2 & vt Fxe YT FeT2gdA ] AT
e §d A E st dRE FFS %R AL F
E ZANEF 250 mLo} e ok— E3tate] 30°ColA el
sttt Azxe dnk dEer £33 Aol Axd x5 A
Sk ZIAEE 25%2 28T B 0CIA 212 Eet 22k
daE AAIEk /5.53 |3t 7 2E Az A=y
< Fig. 13} Zth

of wg S4 8o

—’E = = =
73 E'}EFJ A zo] b wbg 7|7k Z 24 ke AEE 9
AR ste] 2mLE FHal 0.1% 3&=3Z28) 2] (phenolphtha-

on
lein)S A& 2 3o 0.IN NaOH &do=z 3 sl
acetic acid -‘E]r AFZ ARSI = (%)E YEMSITE pH =
Mo AlE 20mLE 3] pH meter (ATI ORION 940, Boston,
MA, USAYE AH&-atd 57d5k3iTh Ethanol 42 AR5 €4
B3 & o3lsle] ol 1 uLE Gas chromatography (GC, Agi-
lent 6890N, Hewlett Packard Co., Palo Alto, CA, USA)°ll F3}
gom oF FHOZ AN, Columne Carbopack B/PEG
20M 5% (ID 3 mLx4 mm, Hewlett Packard Co., Palo Alto, CA,
USA)E AFE-3H 2™ initial temp. 60°C, final temp. 150°C, pro-

N2 ARSI

gram rate 5°C/min, 2|3 carrier gase

Azo FE SY =l
AT Z4e A8E AR ¥, 45ds dFste] oAHe
oS AG=F FHs| A=Al(super color sp-80, Denshoku, Tokyo,

Japan)E ©]8-3l X=80.84, Y=82.22, Z=92.9821 ¥ W2 T}(stan-
dard white plate)2> 2 R3] AME-3IATE Hunterdt L, a 2 b
e =4esvh

RS SARANNASSN okl BT, 5 AR 05
mLoll gk Fab 10mLE 7hete] W 2EoA aeo® 71
AA WA Bggk o] =W WAL F/FE 7k 100
mLE 483 o °‘1°”% A A ERE ST 24 771
e 25544457 (Atomic Absorption Spectrophotometer)
(Analyst 300, Perkin Elmer Co., Norwalk, CT, USA)Z Z} 94
(K; 766.5nm, Mg; 285.2nm, Na; 589.0 nm, Ca; 422.7nm, Fe;
2483 nm, Zn; 2149nm)e] #F &4 F=E 1,3 ¥ SppmeE
zAl] XE A FAE Aele] EASON R

o7 ArteRiet
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vinegar
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2
By

Acetic acid
bacteria culture

- Selected acetic acid bacteria inoculated in sterile broth
- Incubated with shaking for 24th using a shaking incubator (150 rpm)

- By increasing the culture medium to 250 mL and cultured for 3 days
with shaking at 30T

Alcohol

fermentation
manufacturing for

- Whey makgeolli alcohol content measurement, 6%

vinegar

Vinegar starter

. shaking at 30T
manufacturing

- Mixing an amount, such as 250mL cultured strain was cultured with

* Acetobacter pomoroum TWV-03

Whey makgeolli
vinegar

- The initial acidity of 2.5%
- Activity vinegar starter S00 mL
- Whey makgeolli 500 mL

Acetic acid
fermentation

- Acetic acid fermentation (28~307T), 21 day

Fig. 1. Schemic diagram for the preparation of whey makgeolli vinegar.

714+ Gancedo9} Luh(19)2] Wilel wel A5 dAzlst
o HPLC (Waters M510, Waters Co., Milford, MA, USA)Z #
231932, ZH(column)S organic acid column (ID 4.6x250 mm,
Grace Co., Deerfiled, IL, USA)S AM8-31%02™, mobile phase=
0.2mM potassium dihydrogen phosphate buffer KH,PO,, flow
rate= 1.0 mL/min, detectore Tho] L =v] & 7 & 7|(diode array
detector) (1100 Series, Agilent Co.)S AM&-3lo] e o|R g
Ho® yepldt

A 229 oln|mAl B8 Ohara®t Ariyosh(20)8] WO ®
AU & AR SomLE PR s AN 10mLE F
3l sulfosallicylic acid 25 mgS 7}8tal 4°CollA] 4A17F 53t W]
T d4lEe stk 2 NS 045 um membrane filter (Mil-
lipore Co., Billerica, MA, USA)Z 33t oJAS olw]iAt zb5
54 7](Biochrom 30+, Pharmacia Biotech Ltd, Milton Road,
Cambridge, UK)E ©]&35}o] #4431t}

SRR )

= =x0

ARFAS 23S Abe 5(21), Yamachuchie 5(22) 2 Blois
(23)9] Wl wel DPPH (1,1-diphenyl-2-picryl-hydrazyl)el] th3t
Ty avE stk F, 9% ¥=9 AlE 100 pLol

o I

2x10* M DPPHE-¥(dissolved in 99% methanol)S 150 uL 7}s}k
3, vortex mixingdle] MKX v}o] 32 Z | o] EE 7] (mickoplate
Reader) (DYNEX, Santa Rosa, CA, USA)Z 530 nmol|A &F:=
£ =74 3t ARgod S (electron donating ability, EDA (%)<
2 Ao, 33 RhE AdFste] 92 AAE P EFA
22 VERR St

ABTS radicals ©]€-3F 34tsle] 5782 ABTS™ cation decol-
orization assay W' (24)° 2l3led &3 TE 7mM 2,2-azino-bis
(3-ethyl-benthiazoline-6-sulfonic acid)2} 2.4 mM potassium persul-
faeS EF3te] 2004 2407 Ft A s ABTS & &
AR F olEEE 3|43l ABTS' 100 uLoll A& 100 pLE
7Fste] 18§ WX 3 & Cibra S22 (Biochrom, Cambridge,
England)Z 720 nmollA 3 243t
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Table 1. Identification of 10 Kinds of isolated acetic acid bacteria

Strains No. Species Name
Aceto 1 Acetobacter pasteurianus IWV-1
Aceto 2 Acetobacter pomorum IWV-01
Aceto 3 Acetobacter pasteurianus IWV-2
Aceto 4 Acetobacter pasteurianus IWV-3
Aceto 5 Acetobacter pomorum IWV-02
Aceto 6 Acetobacter pomorum IWV-03
Aceto 7 Acetobacter pomorum IWV-04
Aceto 8 Acetobacter pasteurianus IWVv-4
Aceto 9 Acetobacter pasteurianus IWV-5

Aceto 10 Acetobacter pasteurianus IWV-6

2 (colony)e] FEHA S F o 3
&5 FAsk= 1052 Aol = 22 HA e 27w
73o1aL, FEle Zharollor, A L

8 #70 8L fl8 BEs] dAse H@7141E9S BLAST
St A3} Acetobacter pasteurianus, Acetobacter pomorum 53 7+
< ZARO] 16S rRRNASH dAJst= Zlos Ueisith &, £t
F B% Acetobacter 02 FHHY o} FEE specicess &
Q15}7] ojE 2ol Aol Acetobacter pasteurianus TS ZYZ; Ace-
tobacter pasteurianus TWV-12,34,5 2 622 HH3IHIL, Aceto-
bacter pomorum w55 ZYZ; Acetobacter pomorum TWV-01, 02,
03 % 042 A K(Table 1). F2dF 1059 F7IHGe =
T o2 Aoz gRlo] HYoY A AN 5 4TE EHE
Acetobacter pomorum TWV-03 &52] 7|1t Table 2 ek
W3t

8 49 105 2S4Sz Ak e o
Al ZEsled 30°CollA 387 RehfFst & 24 A e v
S A3= Table 33 2ok F 107 @59 24 AA45S
A Bw %= Yehller, o] & 90% ool =2 Adwel
A= FFE Acetobacter pomorum 1WV-03, Acetobacter pasteur-

ianus TWV-4, Acetobacter pasteurianus TWV-1 w57} 100,

tlo

=4J0]9ir}.

9235, 93.20%= YERSTE wWeks oE gl Hls] 24 A4

Table 2. 16S rRNA partial sequencing of Acetobacter pomorum IWV-03

Nucleotide sequence

GCAAGGGTCGATGTGTGCTAGATGTTGGGTGACTTAGTCATTCAGTGTCGCAGTTAACGCGITAAGCACACCG
CCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATG
TGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAGGGCTTGAATGTAGAGGCTGCAAGCAGAGATGITTG
TTTCCCGCAAGGGACCTCTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAA
GTCCCGCAACGAGCGCAACCCCTATCTTTAGTTGCCATCAGGTTGGGCTGGGCACTCTAGAGAGACTGCCG
GTGACAAGCCGGAGGAAGGTGGGGATGACGTCAAGTICCTCATGGCCCTTATGTCCTGGGCTACACACGTGC
TACAATGGCGGTGACAGTGGGAAGCTAGGTGGTGACACCATGCTGATCTCTAAAAGCCGICTCAGITCGGAT
TGCACTCTGCAACTCGAGTIGCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATAC
GITCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTITGGTTTGACCTTAAGCCGGTGAGCGAACC
GCAAGGACGCAGCCGACCACGGTCGGGTCAGCGACTGGGGTGAAGTCGTAACAAGTTAAC-

CCAAGTCGGGACTCCAGGCGGTGTGCTTAACGCGITAACTGCGACACTGAATGACTAAGTCACCCAACATC
TAGCACACATCGTTTACAGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCGCCTCAG
CGTCAGTAATGAGCCAGGITGCCGCCTTCGCCACCGGTGTTCTTCCCAATATCTACGAATTTCACCTCTACAC
TGGGAATTCCACAACCCTCTCTCACACTCTAGTCTGCACGTATCAAATGCAGCTCCCAGGTTAAGCCCGGGG
ATTTCACATCTGACTGTACAAACCGCCTACACGCCCTTTACGCCCAGTCATTCCGAGCAACGCTAGCCCCCT

Sample Primer
785F
CGTAAAGTGGGTAGATTTTGAATTTGITTCGITTT
IWV-03
907R

TCGTATTACCGCGGCTGCTGGCACGAAGITAGCCGGGGCTTCTTCTACGGGTACCGTCATCATCGTCCCCGTC
GAAAGTGCTTTACAATCCGAAGACCTTCTTCACACACGCGGCATTGCTGGATCAGGGTITGCCCCCATTGICC
AATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCA
AACCAGCTATTGATCATCGCCTTGGTAGGCCTTTACCCCACCAACTAGCTAATCAAACGCAGGCTCCTCCAC
AGGCGACTTGCGCCTTTGACCCTCAGGTGTCATGCGGTATTAGCACCAGTTTCCCAGTGTTATCCCCCACCC
ATGGATAGATACCTACGCGTTACTCACCCGTCCGCCACTAAGGCCGAAACCTTCGTGCGACTTGCATGTGTTA
AGCATGCCGCCAGCGITCGCTCTGAGCCAGATCCAAACTCTAACGGGGAGAGGGTAACGAGGITGGCGGGA

Table 3. Acetic acid production and relative activities of isolated 10 strains

Acetobacter species Acidity (%) Relative activity (%)
Acetobacter pasteurianus IWV-1 4.35+0.02" 92.35
Acetobacter pomorum IWV-01 3.08+0.03 65.39
Acetobacter pasteurianus IWV-=2 3.31+0.01 70.27
Acetobacter pasteurianus IWV-3 3.21+0.02 68.15
Acetobacter pomorum IWV-02 3.21+0.02 68.15
Acetobacter pomorum IWV-03 4.71+£0.01 100.00
Acetobacter pomorum IWV-04 3.23+0.01 68.57
Acetobacter pasteurianus Iwv-+4 4.39+0.01 93.20
Acetobacter pasteurianus IWV-5 3.15+0.03 66.87
Acetobacter pasteurianus IWV-6 3.28+0.03 69.63

DAl values are mean+SD.
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Fig. 2. Changes in acidity of vinegars during fermentation at
30°C. WV: whey makgeolli vinegar, MV: makgeolli vinegar.
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Fig. 3. Changes in pH of vinegars during fermentation at 30°C.
WV: whey makgeolli vinegar, MV: makgeolli vinegar.
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Fig. 4. Changes in ethanol content of vinegars during

fermentation at 30°C. WV: whey makgeolli vinegar, MV: makgeolli
vinegar.
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Fig. 5. Electron donating ability in vinegar using prepared using

whey makgeolli and commercial makgeolli. "L-ascorbic acid 0.5
mg/mL, ?WV: whey makgeolli vinegar, MV: makgeolli vinegar.
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Table 4. The Hunter's color value of vinegar prepared using
whey makgeolli and commercial makgeolli

Table 6. The contents of organic acids in vinegar prepared using
prepared using whey makgeolli and commercial makgeolli

Sarmol Hunter's color value Organic acids (mg%) wvb MV
ample
P L a b Oxalic acid 42.13+0.97% 48.66+1.06
wv" 7735£030°  1.58+0.06 24.34+0.00 Tartaric acid 20.44+041 19.71%1.01
MV 70.80+0.01 23140.03 22.44+0.01 Malic acid 40.29+0.09 41.67+0.14
i i 91+6. .03£10.
YWV: whey makgeolli vinegar, MV: makgeolli vinegar. Acet}c ac.1d 5125.91+6.74 4,687.03£10.85
DA1 values are meantSD. Lactic acid 136.70+0.42 108.35+0.84
Citric acid 88.52+0.66 69.28+0.32
Table 5. The content of minerals in vinegars prepared using Total organic acids 5,453.99 4,974.70

whey makgeolli and commercial makgeolli

Mineral element (mg%) wvY MV
Calcium 205.75+2.35% 173.08+1.38
Potassium 9.69+0.47 7.70+£0.46
Sodium 5.17+0.24 2.82+0.25
Magnesium 0.84+0.02 0.55+0.01
Iron 0.02+0.00 0.02+0.00
Zinc 0.02+0.00 0.02+0.01

DYWV: whey makgeolli vinegar, MV: makgeolli vinegar.
PAll values are mean£SD.
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YWYV: whey makgeolli vinegar, MV: makgeolli vinegar.
PAll values are mean=SD.

Table 7. The content of free amino acids in vinegars prepared
using whey makgeolli and commercial makgeolli

Components (mg%) wv? MV
Aspartic acid 6.96+0.06” 17.60+1.55
Serine 350.82+14.90 244.50+17.40
Glutamic acid 573.36+7.31 452.90+49.41
Glycine 318.34+13.03 255.96+32.78
Histidine 145.72+6.60 101.59+£3.77
Arginine 510.38+20.84 363.09+24.46
Threonine 209.10+6.03 164.68+22.35
Alanine 1,051.79£109.68 944.95+85.84
Proline 505.66+28.46 451.35+44.07
Tyrosine 251.38+41.73 173.82+12.41
Cystine 21.05+0.84 11.55+0.67
Valine 424.24+25.02 306.24+28.95
Methionine 144.32+24.81 98.46+19.67
Lysine 330.93+30.63 239.79+9.96
Isoleucine 280.27+30.15 204.66+27.01
Leucine 561.04+70.95 391.33+60.62
Tryptophane 7.1940.28 4.54+0.16
Phenylalanine 104.25+14.04 75.04+3.49
TAAY 5,796.80 4,502.05
EAAY 2,061.34 1,484.74

YWV: whey makgeolli vinegar, MV: makgeolli vinegar.

?All values are mean=SD.

ITotal free amino acid.

“Essential amino acid (Thr+Val+Met+lle+Leu+Phe+Lys+Typ).
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