1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
I Korean J. Food Preserv.

1 23(7), 1042-1049 (2016

| http: dx.doi. org/10.11002/kjfp.2016.23.7.1042

9 SIRAIE TS 5 U
The Korean Society of Food Preservation

Characterization of acetic acid fermentation of detoxified
Rhus verniciflua vinegar produced by various yeast strains

Ji-Seon Kim, Soo-Hwan Yeo, Ji-Young Mun, Seong Yeol Baek*
Department of Agro-food Resource, National Institute of Agricultural Science, RDA Wanju 53365, Korea

22 FF0 U2 F5:

Abstract

This study was conducted to investigate and compare the characteristics of acetic acid fermentation in detoxified
Rhus verniciflua vinegar (DRV) produced by different yeast strains. The DRVs were prepared by static acetic acid
fermentation using six different yeast strains (Saccharomyces cerevisiae Fermivin, Pichia kudriavzerii N77-4,
Hanseniaspora pountiae HP1-2, Candida tropicalis Y447, Wickerhamomyces anomalus N43-8, and Pichia kluyveri
Frootzen). Alcohol content of the S. cerevisiae Fermivin fermented DRV was highest 16.07%. Among the yeast
strain DRVs, there were significant differences in alcohol content, but all alcohol levels were 11%. Moreover,
there were differences in pH and titratable acidity of the DRVs. The organic acid content of the DRVs ranged
from 35.88 to 55.49 mg/mL and there were significant differences among the yeast strain DRVs. Essential free
amino acids, particularly glutamic acid, alanine, leucine and valine, were detected in each of the 6 DRVs. Electronic
nose analysis revealed that three different volatile chemical patterns were present in the 6 DRVs. The results indicate
that yeast strains with different characteristics can produce vinegars with different characteristics.
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cerevisiae Fermivin, Pichia kudriavzerii N77-4, Hanseniaspora
opuntiae HP1-2, Candida tropicalis Y441, Wickerhamomyces
< YPD 14|
vl 2] (yeast extract 1%, peptone 2%, glucose 2%, agar 2%,
pH 6.0)°14 25T, 4843t F<b wjatlch. AT
Acetobacter pasteurianus KACC169342 14| 1l 2] (glucose
3%, yeast extract 0.5%, CaCOs 1%, ethanol 3%, agar 2%,
pH 7.0)°14 30T, 48413t &<t w3+ 5 4Col] W HAs}

anomalus N43-8, Pichia kiuyveri Frootzen 6°&

A ARESEA .

Table 1. List of various yeast strains used in this study

Strain Species Source
Strain n°8906
" Femmivin Saccharomyces Champagre,
Commercial cerevisiac France
yeast .
L. , Wine,
Frootzen Pichia Kuyveri New Zealand
N77-4  Pichia kudriavzevii Nuruk, Seoul
Hanseniaspora Peach, suwon-si,
HP1-2 . 5
opuntiae Gyeonggi-do
Selected . Lo My,
yeast Y447 Candida tropicalis Gunsan-si,
Jeollabuk-do
Nuruk
Na3g  Mckerlamonyces Jeonjusi
Jeollabuk-do

OEI-E% di5 gl

2 S
6% ERE H7te OE‘
20 JER AT YPD Al <] (yeast extract 1%, peptone
2%, glucose 2%, pH 6.0)°ll Z17ke] A RE 10%(viv) &3t
o 257, 48417 Sk WA 6FS] AR L
15t G A Zze] dtgolol] 1.8 mLA Hrlslgl e, ofd)
Wzy) gw TEs) ¢ £35S B9 2 T3 25C,
4A] 2ok EEale] WEg itk 1F dEE TEY
& 2 FEete] 20C, 8URt €S LEG F REAS
Fuzor ofste] 24 Tl ARSI

22 WEA 2% WAL Table

Table 2. Component of raw materials in detoxified Rhus vernicifhia
alcohol fermented liquor

Ingredient Content (g) Condition
Rice nuruk (A oryze, Chungmoo Fermentation) 200

Ist Rice muruk (A luchuensis, Chungmoo Fermnetation) 400 25T

stage . . % hr
mash Detoxified Rhus verniciflua extract 800
Water 100
Steamed rice (Glutinous rice) 1200
Steamed rice (Non-glutinous rice) 1200
2nd 20C
stage Commercial improved nuruk 24 8 day
h Detoxified Rhus verniciflua extract 100
Water 3500
Ex uje
ZAHT9l A pasteurianus KACC169345 & 4|0} %]

(glucose 8.26 g/L, fructose 2.5 g/L soy peptone 83.92 g/L,
MnSO;-H,O 0.088 g/L)oll &gt & 30T, 48417t &<t 150
pm S 2 ZIEHf oFsto] £1415-21(2,000 rpm, 10 min, 47C)F
FedE AASIAH. SRTE 33 AH &, aRE D

__]__EE
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AFE =T (%) 225 S5t THA EHRE o &
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pH ¥ HEME

pHE= A& 10 mLE Z3t°] pH meter(FE20, Mettler
Toledo, Switzerland) 2 =4 &} oM, AN A8 5
mLol| 1% phenolphthalein A|A| 9k 2~3W-& Hojrxd] &
pH7} 8.3°] 2 w|7}#] 0.1 N NaOH &4 o7 2% 3lo]
=9} pH 25 33 vk

acetic acid(%)= 2H;telsict. A% 4k

=4 ¥ AEges Y,

r-||I

A4

22 %20 F714F FAE S8l AR 10 mLE 94 EE
(3,500 1pm, 20 min, 4C)%F 35S F<F(Fisher, HPLC
water) & ©]-&3l AHE 02%7}F H =5 3|A 5ttt 34 g
A& E Sep-pack C18 cartridge(Waters Oasis, Milfort, MA,
Uspa)= A4 gl ol Y-S AASL 045 um
membrane filter(Millipore Co., Befford, MA, USA)& o] 3}35}
ATl Al &+ HPLC(Chromaster 5000, Hitachi, Ltd, Tokyo,
Japan) = A8 01, ODS-100W(4.6 mm»250.0 mm)
columns AH&-3Fe] #2381 Th ©]F/¢-2 3 mM perchloric
acidE AM83199 M, flow ratex= 0.7 mL/min, column oven
o 2EE 63TE 3th Eeles ¥802 mM
bromothymol blue, 15 mM Na,HPO,, 2 mM NaOH)¥} &3}t
AlZ1 %, UV 440 nmol| A HZ&steich o o 3-89 flow
rate 0.9 mL/min® = 3}

welofo/=4 24

2% fEemst BAE fdl AEE 5%
trichloroacetic acid(TCA)Z 58] 3|41 8l =
pm, 15 min, 4C)3te] FE5AS AHESHA NS
n-Hexane O 2 A g|ate] H|F4 E4Z AAS F sl5d<
0.2 pm syringe filtering 3 o}7] :=AF £ 7](1.-8900, Hitachi
Co., Tokyo, Japan) 2 #-A135}% o 4] %712 Table 37}

2,

Table 3. Operating condition of high performance liquid
chromatography
Instrument HITACHI L-8900 Amino acid analyzer

HITACHI HPLC packed column #2622PF column (4.6x60) ion
exchange column

Wako L-8500 Buffer solution PE-1, 2, 3, 4, RG Ninhydrin

Main column

Solution coloring solution set
VISI : 570 nm
Detector ~ VIS2 : 440 nm
UV detector
Injection 20 uL

BT|IME o= 2N
221 %0] &7] gy EAo) AL8H HAAFE metal oxide
sensor(MOS)7} F&+ Ax= /\]/\Eﬂj] (Fox 2000, Alpha
MOS, Toluense, France) -2 A& 1 mLS 10 mL &= A3
o]x g7]d| o}l UH 4 CoﬂH 24X\ 7t vkx)8lo] A4

%Ath. Standard == 214 S 371 (ainE AHESI O AlS
£ 80TCoA 2083 250 rppm o & HPo} . FYT
L5271 130TC]1 el AlBE FHsI e Ol AR

g 7las 272 B 150 mLe] 440 HH 1A Th19,
20).

Mo SPSS(120 SPSS Inc. Chlcago 1L, USA)
Z2ag o] &ste] dYulR] E4hEA] (one-way
ANOVA test)2 3}al p<0.05 4\‘%01] ] Duncan’s multiple
range testDMRT)Z #H3t 7te] v wE AA8Hth

7V =A JYebtow, H pountiae HP1-2= 15.1%, C
tropicalis Y447 13.7%, P. kudriavzerii N77-4= 12.6%,
P. Kuyveri Frootzen< 12.2%, W, anomalus N43-8-2 11.2%
2 Uehdh TEe 2 A7k 9me waelsl 7

ALl LEE SUAL L2 BT wed %}i—%
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3L o] 72-85% % UrEB%EF Back 5(22)°] 23
Ho} 438 dFo] i =/ vegth Ad T 458

sFeF2 Saccharomyces 45, Hanseniaspora & Candida%:

Pichia <5, Wickerhamomyces < 2.2 =& 7Z3& Bk
TR Az Al 2 ATl 7k E 3R] ol Fdattt

e slol] BE Foll Afshe TR o] Aolsl]
I FE ko 2o]E Hol:= oz AyziE)

16.07

15.13

13.73
12.60 12.20
I | l

Fermivin N77-4 HP1-2 Y447 N43-8 Frootzen

Alcohol concentration (%)

Fig. 1. Alcohol concentration of fermentation with various yeast
strains,
Fermivin, Saccharomyces cerevisiag, N77-4, Pichia kudriavzerii, HP1-2, Hanseniaspora

opuntiae, Y447, Candida tropicalis, NA3-8, Wickerhamomyces anonmlus, Frootzen, Pichia
Kuyveri.
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we} pH7} H553] AsteE AES Ho] 23g 10¢
2.87~3.06°.2 YELT}. &3] 8 cerevisiae FermivinS &
29l 6U47kA] FA G pHEl et TFE 109 A 7HE
w$e A3 Btk e Axe 24PEE £, pH
2.87~291%2 ZAE QoY W anomalus N43-8-2 Z4HE S
T 306202 thE AT v]E] vl A & pHE 8§45t
Atk AR TS 2ET 753 42| AN e R
3] Yehfiglon, RE Al TellA 2R 10?:177}X1 A
=7} B3 718l 5.17-6.66%9) @S Btk £3] C
tropicalis YA479] 731, 6.66% = 7V =& @@é&% B
ow, P Kuyveri Frootzen, P. kudiravzerii N77-4, S.
cerevisiae Fermivin, H. pountiae HP1-2, W, anomalus N43-8
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Fig. 2. Comparison of pH of vinegar produced by detoxified Rhus
verniciflua of various yeast strains.

Fermivin, Saccharomyces cerevisiae, N77-4, Pichia kudriavzerii, HP1-2, Hanseniaspora
opuntiae, Y447, Candida tropicalis, NA3-8, Wickerhamomyces anomalus, Frootzen, Pichia
Kuyveri.
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Fig. 3. Comparison of acidity of vinegar produced by detoxified
Rhus verniciflua of various yeast strains.

Fermivin, Saccharomyces cerevisiae, N77-4, Pichia kudriavzerii, HP1-2, Hanseniaspora
opuntiae, Y447, Candida tropicalis, N43-8, Wickerhamomyces anommalus, Frootzen, Pichia
Kluyveri

acetic acid® UElstom, 1 steke ZHzt § cerevisiae
Fermivin 48.7, P. kudiravzerii N77-4 50.7, H. pountiae HP1-2
44.3, C. tropicalis Y447 55.5, W, anomalus N43-8 359, P.
Kluyveri Frootzen 522 mg/mL= A8 &% F5Fol wpe} <k
o] o= eI, 713 o s}at# "ol AL ¢
tropicalis Y447°10° M, W anomalus N43-8°] 35.88
mg/mL=E f7]4F drafo] 7 Wkth 2o MR F
Akt o) AAEE R4 AR R E AR
Fo] #e] ARl R A UTh). F=dxe e Az
o H]3) & Aklactic acid) o] T (24), ZAE o
Eom YUY Yoz dEA UthRs). 2y E AT
A= acetic acid 9]2] T f7]4he wl$- nFoz HE
Holon, ol dxE g, 24 g W, FEg &
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FEE A7 Y 2R o3t Aoz HojZlnh 2] %o ujgt
712 ek Aol 989 98 AAYY, AR, 24T,
A3 2 Ay So WE Ao By o] glth26).

Table 4. Acetic acid concentration of detoxified RhAus verniciflua
vinegar by static fermentation with different yeast strain

(unit: mg/mL)
Strains” Acetic acid
Fermivin 48.67+3.76™
N77-4 50.73+2.01°
HP1-2 44284147
Y447 55.49+3 45"
N43-8 35.88+1.70"
Frootzen 52.17+2.00%

l)Fennivin, Saccharomyces cerevisiag, NT7-4, Pichia kudriavzeri; HP1-2, Hanseniaspora
opuntiae, Y441, Candida tropicalis, N43-8, Wickerhamomyces anomalus, Frootzen,
P10]11a Kuyveri.

"Data are means*SD of two independent experiments. Values displaying different
superscript letter ““according to the Duncan test (p<0.05).

4o

el

AlZEo| feloto| At &2
A= oF 2099 *‘“«] frejolrliite] HEE =
¥ gler 1 F 2
Ao %}E% 7] 015}(27) e *vé gejsto] Az
gl 24 x0] felotn|iAt £41 AR= Table 5o UE}
14491—0—”4, FRO we} fEloln| it ekl xfo] 7} e}
Wk W anomalus N43-82 & 3F 2 2| A 2,411.7 pg/mL
27 5o dFs B oM, S cerevisiae Fermivin<
1,314.9 ug/mL, P. kudriavzerii N77-4= 1,753.9 ug/mL, H.
opuntiae HP1-2& 1,374.9 ug/mL, C tropicalis Y447
1,654.6 ug/mL, P. kluyveri Frootzen< 2,077.9 pg/mLE Y€}
Wt ZE A]Z)A valine, leucine, isoleucine, lysine,
threonine, phenylalanine & 732 Z o] =4to] HEH
gigu:] tryptophanﬁ— A "QX] OLOH:} Al z_/] )\}u] = l:l =
AAl = glutamic acid®} aspartic acid(25)= W
anomalus N43—8°ﬂ 2] 177.20 pg/mL, 133.24 pg/mLZ th2
Al@ Tl vlal =2 23S Yehdth & AddA Az

H 753 224 %o F2 ofu|:4ke glutamic acid9t
alanine 2.2 JEF O™ S cerevisiae Fermiving A 2|3+ =
£ £2) %004 phenylalanineZ} 2] €4 &2 GABAS| A
TA Q! arginine©] T 7 E= At Baek 5(28)°l WEH

=3} 24 %= valine, leucine, lysine, tyrosine 52| &%
o] l:\;]. S y_ﬂz‘ﬂ—oﬂ qu;)r B A z‘s—]_TL]- %A}%} 7:13]:% Eoﬂ;}
JubA o] kA 2o ZEA 0 7 v} 48 oAk

i wo

HU

0 rlr »Y

aspartic acid, arginine, leucine, lysine, alanine 522 ¥ 59|
=5 9323, T4 wao 4o} 7eF 2= 29lo]
Ahbgel BRE oA thay] wie] e Axeie

B 0

ofuieite] el thEthn BRI vl Yrhed). T
21 29) freloju)ite] Fare zhzte] 2)zulct 2 ol
2 uglow, ol xR TR 7|dsHE Ao Bel7]

0
h

o
>|+0
r%
o
\d
™
o
r-||1
o X

¢

N ]

]—:Ti(electronlc nose)r: Al S|
A& 2= o]‘— x}xJO] 0101 Ho ?_01]/\1% }\129] H?;sdl
oH

He

=2 T M
& A= 24 o

O,

iz o Y o
ox ¥ ¢

>

P

1o,

gL

=2 ¢

';—“

Z

8

=3
n A&
A O]ﬂoﬂ acid, aldehyde
o] ZJ52tgol o8 5+<
%

l?_
_Z’_
BA (PCA) @ﬂr Fig. 4011 UrEMJ?iD} R
o] & g 7ol PC1} PC2E SO 7} A28 &
A, T2 A e xFS Ve E P 2
o fIXE AN yF& 7102 7T A%l XIS
BE $53 224 % standard] AAE 715 71EL
2o Whakol| 91x]6}9] 2™ ©| F Fermivin, N77-4, Y447,
N43-89] x3 Fto] -0.0133~0.127& Vel on y39] 4%
-0.0181~-0.0262 #ke] Atolol| &)l Saccharomyces <5,
Candida 43} P. kudriavzeviie W53 37|06l S zhe
Ao 2 Yelst o™, Wickerhamomyces 52 x5, yEO 2
oF7t o] wiakol| 91X 2T}, Hanseniaspora 42} P. kuyveri
= OE AT vlal xF2 o9 Wi R fx|glon

= )
yEE Pl g THck
* Air B Fermivin A N77-4
0.06 | HP1-2 i Y447 o N43-8 Pt
Frootzen l\._‘_. ,'
- =2
s N
/ A \
= ! % 1
2 002 N ’ i
S R - =
e RA o
g ! g
0.02 | A ]
\ =] ’
Y ’
b -
-0.06
1 0.5 0 0.5 1

PC1-99.48%

Fig. 4. PCA of the obtained data from electronic nose data for the
flavor patterns of vinegar produced by detoxified Rhus verniciflua
vinegar by fermentation with various yeast strains.

Fermivin, Saccharomyces cerevisiae, N17-4, Pichia kudriavzerii HP1-2, Hanseniaspora
opuntiae, YA4T, Candida tropicalis, N43-8, Wickerhamomyces anomalus, Frootzen, Pichia
Kluyveri.
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Table 5. Free amino acid content in detoxified Rhus verniciflua vinegar by fermentation with various yeast strains

(unit: pgfmL)
. . detoxified Rhus verniciflua vinegar by fermentation with different yeast strains
Free amino acid D

Fermivin N77-4 HP1-2 Y447 N43-8 Frootzen
Valine 75.93:1449  107.04£1607 9394049 10759868 14130:1563 12659204
Leucine 7786£1056  11345t15.11  7431£5508  13226:1165  179.18+1445  149.66:2.58
Isoleucine 40.04+4.49 60.519.67 5348075 61.334.60 83.337.58 77.68+1.22
Lysine 62.903.75 79.19+4.46 46.85+032 6085:2864  14979+1280 7074124
Essential Threonine 3945141 44.09+2.08 27.90+033 36.88+4.21 57.65+2.44 45744097
amino acid  Vethionine 9.02+1.05 1779690 18.0420.12 20.73+3.08 38.38+3.18 30.77+0.85
Phenylalanine 82681707 1172542725  109.22+087 12668:950 165331651  150.60+1.95

Tryptophan nd” nd nd nd nd nd

Histidine 37442041 51.70£2.87 3274018 45641526 63.38:3.45 44.49+0.39

Total 42532 591.02 45648 591.96 878.34 696.27
Aspartic acid 4554198 63.38£18.96 45.43:0.03 62.59£2045 133241406  89.02+1.06
Serine 57.91+3.90 70.24+8.30 4228+0.36 60.12+8.36 95.38+3.59 76.69+1.58
Glutamic acid 110621879 135873185 11872483  12994:5478 1772082229 17599135
Glycine 7534£1569  90.06:14.60 76.98+0.55 108753227 108921336 114.32¢1.80
Non Alanine 150224095 1836045702 120944609 152243532 188573623  21009:3.16
essential Cystine 25.28+1.23 30.74+2.68 26.84+0.93 32764383 37.63+1.84 32.97+0.60
amino acid o ine 1073642879 15226£3420 12102084  O452:4165  198.11+2389  OLI8+184
Arginine 1214625121 1374445127 146514138 137656311  354.82£1725  11423£2.15
Proline 100041879 70.55:8.12 4791201 4964:1078  77.23t1604 59.96+1.62
Citrulline nd 6.36+5.55 nd 468+4.12 nd 1025+0.07

Total 793.77 940.50 746,63 832.89 137110 1069.80
a-amino adipic acid 562035 10.10+3.19 9254025 7.73+185 17424235 12.77+0.10
Urea 14.07+0.65 11.21£9.94 12.58+3.26 8.137.07 nd 1611180

Phosphoserine 488+048 507048 4704007 588+1.12 5.59+0.52 5.77+0.10

Cystationine 4284004 484029 427008 385152 4.99+0.24 476+0.12
m tf‘vcéd y-amino-n-butyric acid 2421403 3236585 23.65:038 29.05:4.53 49.89+6.63 37.82:0.65
Ethanol amine 349320 9.87+8.54 nd 6.66+3.55 1.81£1.57 9.830.24
Ammonia 29.13+698 27.10£11.78 24.99:2.46 20524593 31.609.78 18.24+1.14

Taurine 097:0.12 222031 0.89:0.08 258:2.14 250+1.08 259:0.15

Total 95.80 2239 17174 22971 16221 311.88

Total 1,314.89 1,753.91 1,374.85 1,654.56 241165 2,077.95

1)Fermivin, Saccharomyces cerevisiae, NT7-4, Pichia kudriavzerii, HP1-2, Hanseniaspora opuntiae, Y447, Candida tropicalis, N43-8, Wickerhamomyces anomalus, Frootzen, Pichia

Kuyveri.
z)nd, Not detected.

cerevisiae FermivinZ} non-Saccharomyces %<1
Hanseniaspora %5 5 652 2.5 o] &35lo] &3S

of 71 A3}, Fermivin©|

< Ahetel R FRER ¥e Yt 9w

H| w3l T}, Saccharomyces KACC169345 =
Pichia, YT ER| 02 Ho|7}
g A Aol BE 22

dae Feyol

AR AN

A Zzo A g 102 3 pH 30 o|3l2 Vet

7V
Wickerhamomyces$} Pichia| A= 11.2, 12.2%2]
TN LWt A pasteurianus
st} 24hE A7l A3 pHeF A%

o} W anommalus N43-8<
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o

o, AYINEE W anomalus N43-82 W&+ 2] %7}
5.17% % 7V S A YEeVsk i C wropicalis YA47E AT
A 2T 6.66%%E 7MY = AMEE BTk 22429 F8a
F712FC 2 acetic acidZ7} AEE 2™ W anomalus N43-8
A Z20] 714k 3588 mgmLE 7V Bk3 C tropicalis
Y447 A ZE 5549 mgmLE £ gE-S YehAT) #2
o] iz Ake. R E AJF o) A valine, leucine 52| Hgrolu]
w4t 7%0] HEE 2 glutamic acid, alanine®] S8 ©}
v=iko w2 SRIE ATt Fefobr] At 1,314.89~2,411.65
ng/mLE RO FRol me} xfo]7} vEbutth 2229
g7 el B4 A3} H opuntiae HP1-29} P. kuyveri
Frootzen©| B]<=3F shElS Wl o, § cerevisiae Fermivin
3} C tropicalis YA47, P. kudriavzeri N77-47} H]$=3h slj€l-&
HAth 5 253 W anomalus N43-8-& Ax= 54 Az}
Z}zte] Feldt 3] dlelS Hojth B AFE wE 54
OE 8RE 25 AxT o, Zt7te] F x| ne} o]s}et
A EAel| Aozt Y= Aoz Bzt

ZAre =
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