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Abstract

We compared the physicochemical properties of, and volatile components in various commercial fruit vinegars (made
from apples, grapes, and persimmons). Total acidity was highest in grape vinegars. Significant between-sample
differences were evident in total and reducing sugar contents. Brownness, turbidity, and overall color difference
(the AE value) were highest in persimmon vinegars. Free sugars were composed mainly of fructose, glucose, sucrose,
and maltose. Major organic acids were present in the (descending abundance) order acetic acid, oxalic acid, citric
acid, malic acid, and succinic acid, among-samples difference were negligible. Nine-essential free amino acids were
detected in nine types of grape and persimmon vinegars, and in six varieties of apple vinegar. Among 17 types
of volatile compounds identified in apple vinegars, 12 in grape vinegars, and 33 in persimmon vinegars, the main
volatile components were acetic acid, ethyl acetate, isoamyl acetate, isovaleric acid, isoamyl alcohol, propanoic
acid and phenethyl acetate. Volatile chemicals in commercial fruit vinegars were effectively analyzed using a SAW
e-nose.
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FEgo] 7hg wol Firso] o, T2 2 fructose,
sucrose, maltose 5©] E3Hg O
S A JoR3). A AxAxE F
A= 2402 F4F S A58t
o]-§-5H, o]9]d thoFet 7
A Z &A1 E}HA 5]1:}(7) o]z
o]sﬁ Az Euﬂﬁg]_ ETA=[el ‘_g_o
2HE Atad, A A
Ao g Ad#HA UTkB). &
/%LEI--% Q_]-];(ﬂfﬂ-o E_}yﬂ /\]E
/\17\_/] "41:11—}\-] /HH o /\]»9_% %i AL
g Z7ol wet broth oA TS
HT3). webA] Azl 24F o acid, aldehyde,
alcohol, ketone, ester+ 33HE0] A5 Eotzxo g #-8-3}
o 59 M L]'EWJ‘:HH) 53] gxAzxe] T4 3]
A4E-© 2 ethyl acetate, acetoin, frufural, isoamyl alcohol 5
o] glow, 1 vlol| daRY A PPEE HAOZAME
butyl acetate, isoamyl acetate, amyl acetate 5 ©] ATH?3).
AAl o] A xe B VIR ATEe AR
ogh 722 FFA Y IR 4], GCE o83 Al
%9 B7AHE i8] 2 SPMEE 0] &3t ZFal 2] 3R
A ol Bawa glont ofA Ayt w &gk Aotk
(12-14).
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pH, B4z, &= 3 &g 53

21z A&52] pH =72 pH meter (Orion 3 star, Thermo
electron Co., Beverly, USA)E AFS-3IATh St A%
1 mLE 33} phenolphthaleinS X|A]¢FS. 2 3} 0.1 N
NaOH &-<}o.2 F3} #4ste] 1 APAmL)E 24V
(%) 2.2 eIt B -G EA (Master-M, ATAGO,
Tokyo, Japan)E AM&-3I3oH, ST S Nelson-
HH15)el o3 S48tk
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Az A5 2% 2 BEE Al %_W&—% 3t
335 A(Optizen 2120UV, Mecasys Co., Ltd, Daejeon,
Korea)?] 420 2 660 nmol| A z+z} 5%5% =43tk

A7) 71A1F Mxe XA (CM-3600D, Konica Minolta,
Osaka, Japan)E ©]&-3lo] L(HE), aA N E), b(ENE) 7t
S =Astlom, Auka MK AE)E Hunter-Scofield 2] (A
E=V AL Ad>+ AB )S o] 83te] AUk o] w) gz
T2 ZF5(L=100.00, a=0.00, b=0.00)= A}-&3}A}.

falg % |74 24
AR BT B A BAL A WA A%

Aol hexanes 7ot A A5 A AL Sep-pack Cis
cartridge®l] &J3 A4 B Tuld AR5 A AG ok 045
um membrane filter2 ©43}3}] HPLC (high performance
liquid chromatograph, Waters 2690, Waters Co., Milford,
MA, USAZ #4383t Feld 42 carbohydrate
analysis column (3.9x300 mm, 10 pm)& AF&-3te] o] A
80% acetonitrileS 0.6 mL/min®] %902 3}<] RI detector
£ ARgste] 248 #2714 £412 AtlantisTM dCis
column (3.9x300 mm, 10 ym)S- AFE-3}l4] 10 mM KH,PO,
(pH 2.32)E ©|% J(flow rate 0.6 mL/min)>. 2 3} UV
detector (210 nm)E ARE-3}o] B89 T)

2| ofo|-it B4
AZ9) frelolr| =it e AlE 10 mLol ethanol 30
mLE 713F TR 122417 A2of] WXA|A el A-S A -A
AL d5H-E 8,000 pmoll A 1587 A4Ee st 3 95
S FH3te] F71Y AnA AT 283l pH 229 citrate
buffer 10 mLE 7}l 3 4A17]1 3 0.45 pm membrane
filter2 33+ <8 amino acid autoanalyzer (L-8800,
Hitachi Co., Tokyo, Japan)E ©]-8-3}o] E25}%t).

=

21z0] 3R 38 9184 carboxen/polydimethylsiloxane
(CAR/PDMS, 75 um thickness)Z FE ¥ SPME fiber
(Supelco, Bellefonte, PA, USA)S A-8-3t 3RS &
ZIA L) 3 RS F38H7] A fibere GCE 250T
oA 587+ DA Z oM, SPME E£3& NaCl 25%°1 A&
5 mLE 37}5}] headspace vial (22.5%x75 mm, PTFE/silicon
septur, alummum cap)oll 2o} 9| Q9E SPME fiberS %%1?‘5}
Atk AlEE 35T heating blockoﬂ A 587 o E3t3
SPME fiber= 108 &< SRS R om, 1 F
GColl F4st 24 &<t G2 &l FAskAt 3¢
B 228 93} MSD (mass selective detector)”} H-Z+H%
GC (Agillent GC 6890, Palo Alto, CA, USA)S A&}
], HP-FFAP capillary column (30 mx0.25 mm, 0.25 pm)3}
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He”| carrier gas (1 mLfmin)Z ARE-% ST} o] W] oven &%
= 35CoA 10% FAHAL 100C7HA= & & 5CE,
210C7HA= & B 10CE F5A1A 1087 52t A8t
MS system Z712ZX MS source, MS quadrupole %
transfer line> Z}7} 230, 150 2 280°C o] %)L, AH&-H library
+ Wiley7Nist0.5 (Wiley7Nist0.5 Library, mass spectral
search program, version 5.0, USA)©] %1t}

X2 oy 24

A2 AlF] AR Y B4 AREE AR EE
SAW (surface acoustic wave) AIAE AL8-3F ZA}= A]2-H]
(zNose 7100, Electronic Sensor Technology, Newbury Park,
CA, USA)S A8-319 . 4)% 2 mLS 40 mL vial (Supelco,
Bellefonte, PA, USA)°l 21l HEZE2°7 FEH septa
(PTFE/silicone septa, Supelco) &2 3-3}o] 2204 2447+
WA g & S35 Th Headspace F-20| 287 |A(Al%
-5 99.9995%)° 2]3ll DB-5 capillary column (Supelco,
Bellefonte, PA, USA)S.2 TIEZ-S #2]3te] SAW AlA]
2 AZsIh ZF Alsri 33 v A3S AAlsten,
oju AH&-H 7]719] 2% 72 SAW sensor 30C, column
60C, valve 120°C, inlet 150°C, trap 220C °|lt}. 18]
=249 F7|HHLS VaporPrint' " 32 13 (Misrosense
4.88, Electronic Sensor Technology, Newbury Park, CA,
USA)S o]&3te 43150, HEd £ e
2 SAS program (version 8.1)% /\}%3}04 principal
component analysis (PCA)S H-2J5}o] A8 7+ 9j§1S Blw

AT

SAXE

A Avte] EA A E]= SAS program (version 8.1)2 |
83t Wl (mean)? EFHKS.D)E FAIEA. F7
B30 HALHA(ANOVA)S AHE3HS11, Duncan’s multiple
testZ 43S HS3ATHI6).

54 <7l U?E‘r ApolE Hylow, X%
927} 13 e pHES etk FREE 305~
751%% EE 204 B A ehh Seo 517
74212 2 2] pH7} 2.83~3.58, AIEE 4.02~5.92%% Bl

ol et B A9 Aaeh fARIIOM, o W] 4
of Aol WA olSloNE AEF Bl IFS e

A0 WABA. Jo (18 AT ARz F4to] B

2832 A178 A535 (2010)

521%=Z X313} 31, Moon 5(5)= Al Atapalz 9] F4k
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Fom, BE AF7F TFFo FsIATh19). = & 3
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804325 mg%=s YEH o] Algvitt & ApolE BTk T3
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Table 1. Comparison of pH, acidity and content of sugar and
reducing sugar in commercial fruit vinegars

) e Sugar content Reducing sugar
Vinegar” Sample pH Acidity (%) (Brix) content (mg%)
I 311:005% 524007°  43:012°  679.40:2021°
AV O 330:000° 545:028° 45005 24014356
M 275:003° 677+003°  7.10:022° 8043.25+514.09"
I 207+004" 532009"  52:0.16"  1688.72+494.76"
e\ O 278:003 607:006° 38:008°  9.66+0.87
M 269+003" 7513042°  52+029°  727.44+34.98°
I 3644009 43440.18°  7.0:036"  621.43£11.20°
PV O 377:002° 305:003  70:041°  338.86+18.39"
M 349+001° 395:007  43+024°  517.50#51.11

YAV: apple vinegar, GV: grape vinegar, PV: persimmon vinegar.

“Means+$.D.(n=3).

"Values in the same column with different superscript letters are significantly different
at p<0.0L.
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Table 2| YERRITE 2 7%4- AT = AR X OO22~
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lé =59 Akt H ] Aol o3k Ao =M Leelt
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Table 2. Comparison of browning, turbidity, Hunter’s color value in commercial fruit vinegars

5 2)
Hunter’s color value”

L) Browning Turbidity
Vinegar Sample (OD. at 420 nm) (OD. at 660 nm) L ) " B

I 0.293+0.007™" 0.007+0.005" 95.190.01*" -150+0.01" 21.49+0.01" 2.07+001"

AV i 0.327+0.003° 0.0860.017" 93.270.01° -1.55+0.01' 22284002 23324003
m 0.022+0.004 0.025:0.0167 99.3540.01° -0.65+0.008 4.10:0.00 4212001
I 1.238+0.007° 0.076+0.006™ 65.0020.03" 25.100.01° 54.930.02° 69.80+0.01°

GV I 1.0190.010° 0.058+0.005“ 62.44%0.01" 35.5040.02" 47.90+0.02° 7049+0.02°
m 0.662+0.011° 0.040+0.007" 81244001 14.51+0,01° 37.414001° 44294001
I 1.483+0.1008" 0.124+0.002° 6245:0.17 17.56:0.04° 59.55+0.15" 72.56+0.05°

PV ii 0.636+0.025° 0.133+0.030° 69.69+0.02° 9.25+0.01° 44.40+0.01° 54.56+0.02°
il 0.815+0.074° 0.078+0.014™ 84.640.01° 3.90+0.01° 33.340.01" 39.30+0.01"

AV apple vinegar, GV: grape vinegar, PV: persimmon vinegar.
L Degree of whiteness (white +100 <> 0 black).

. Degree of redness (red +100 <> -80 green).
b : Degree of yellowness (yellow +70 <> -80 blue).

AE : Overall color difference (v AL*+ Ad?® + Ab? ).

IMeans£S.D.(n=3).

“'Values in the same column with different superscript letters are significantly different at p<0.01.

Atk Aukd AIHAE)E 2207~72.560.2 £ % 7442
A A teEhdth Seo SIS HHEE AxT ) dm
2 AREE Ao 55 3 2 el wet a1
S+ ¥ tannic acid®] &Fe] F9-F 22 tannic acid /-2
g AL o = Ao AeS nHcky ®usiydh

elg o
Table 37} 4= AJ# 220 FEF 2 {713 T3S
B8k Aijolt}. Algk 44 Z ol = fructose, glucose,

7| A Bt

Table 3. Comparison of free sugar contents in commercial fruit
vinegars

Free sugar content (mg%)

U]

Sample Fructose  Glucose  Sucrose  Maltose Raffinose  Total
AV 279387 43433 - 115.53 - 829.24
GV 115171 26674 15930 14336 - 1721.10
PV 82641 260593 31395 17795 - 3924.23

AV apple vinegar, GV: grape vinegar, PV: persimmon vinegar.
"Means (n=2).

sucrose, maltose”} AZE| o, FA2xo] 7 U:}E]-
1 e ok Apo7t e TE S, AR 29 T 2

glucose”}, =2+ fructose”} 7]—%} o s L}E}LH
Atk 1 F F T T AR 82924 mg%, =2
Z 1721.10 mg%, 7H2% 392423 mg%hE 7HA Zo A =4
YERSTE Moon 5(5)2 U] Al %0l = glucose”}t 718
Zo] d-fxlo] a1, fructose, sucrose Z maltose’} A

HAEH AL Batste] & Aeb wARE 232 UERAS

ot Ffreld P kel s Alalzel A vl
£ Qg B B A7l Hold AokE Uehick. =3
ZuFE steky o3 sheko] ATAlS TIA] ko,
Kwon “5(24)°] B3k 297 Ea el o3k Zhahal %o A

G FA ABE JERRAT, ol 420 BARES
S ol9loll THE Bl Aol T EASkL, ¥
o) 24 7} Hzeet Holsk Yoz SRR felT
o gaaAE 24 9L Ao wuwEt RANZY F
714+ 0 2 A4 & malic acid, 744 &+ galacturonic
acid, EE2Z2F tartaric acid®] o] =& Ao UdHA

Table 4. Comparison of organic acid contents in commercial fruit vinegars

Sample” . _ ‘ Organi.c acid content .(n.lg%) . . AT
Oxalic Citric Tartaric Malic Succinic Lactic Acetic Total

AV 2921% - 15831 108.93 92.68 - 5215.40 5604.53 093

GV 65.32 - 234.32 488.73 5051.66 5840.03 0.87

PV 54.83 175.29 564.81 247.54 640.79 - 4670.95 6354.21 0.74

AV apple vinegar, GV: grape vinegar, PV: pemmmon vinegar.
Ratlo of acetic acid compared to total organic acids.
IMeans (n=2).
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A7) A1 FA A 29 {7714 B4 E = Table 49}
o] f71AF F 2z FAAET) H+= acetic acid $HFo]
1 A e o) oxalic, citric, tartaric, malic &
succinic acid7} HEF AT olu ZE A Fo|AM=
acetic acidE A 2]3}al malic acid®} tartaric acide] &#Fo]
=4 UEbTh B3 Jeong(25)S Al A% F8 f7)
AF 20| A acetic acid ©]€]oll galacturonic acid”} 7}
©29k37, ascorbic, citric, malic acid7} A% ZAESHT 1 H
stk B Ao A= succinic acid®] ko] 7HY =4
Uebdogm M ol ARE Bt o2 23w
ujFo] B uf AN xE B FRET ofygt A4
gz A4 F7)2F 244 xJol7t F 4= glth2e).
F-71%4Fol T8} acetic acid®] HIS(A/T)2 A4 % 0.93,
T2 % 0.87, 7HA% 0742 27 el A =20 b
2 TS Bk 2 ZoA 74kl tigl acetic acid
H]S(A/T)0] 2& AL acetic acid 0] &9 TFE {712 0]
Bo] HEHd wet F 714kl tigh acetic acid®] HI&©]
A Yehd B2 HEE7)NA Bag up ok

4 o

e

seloto| &t EhEk

Al B2 0] frejolElidl aFE 2495)0] Table SO
SERNSITE EEAZ B 74)20) Do)t treonine,
valine, methionine, isoleucine, leucine, penylalanine, lysine,
histidine, arginine 5 % 9F°] AEEH AUk LY ARA %
= methionine, histidine, arginineS- A £] 3} 6%0] AZH Y
ok 53 7 Zolxe AelgdEdE e y-aminobutyric
acid (GABA)7} tt&F 3=l qUflen, IxExs
arginine©] T Aol B3| ko] A YEbETh
Jo (18)° &b Uit Al FAA 2 F AP RE
arginine, histidine®], 7}4)Z+ ornithine, threonine
glycine®] g+eFo] Frhal B argtel] whe} & A3} Afolgh
AFRE e AT 3 T frefobr| gt e A x
1,247 ppm, E5=21% 592 ppm, A} % 33.58 ppm &2
A2 Z27F 78 A YEbgth 53] Hlxe tE 32
Zo Hlgl fEloprieite] F/ok gl =4 vEhstth
A Zol S Frefobr| At e A% TRV 2
zfolE Bom, o]= arolu Al ujgnle] ko]
Z Aoz Hyud v Jdg17).
o HI
Nz A AROoTE ZAME JErS o]
alcohols ¥, aldehydes¥r, esters¥, acids¥F, ketoneH 5©| 1
TE I QITH2). Table 62 ZH 2 %9] T/l M2 A
RS BAT AREN AR FUAE] FFE PR

2 acetic acid, ethyl acetate, isoamyl acetate, isovaleric acid,

o
e
0x
AT
Kl

>

isoamyl alcohol, propanoic acid, phenethyl acetate 52 =
ol9jol] Al X 178, EEAZ 12F, #A% 33%9 I

A o] golE]et AlFRIZE acetic acid Bl&©] 70.53%

Table 5. Comparison of free amino acid contents in commercial

fruit vinegar
(unit : ¢gfg)
Amino acids AV GV PV
Phosphoserine 414 9.07 1578
Phosphoethanolamine - 3.28 6.77
Taurine 5.88 6.18 0.36
Urea - - 66.02
Sarcosine - 1.64 0.00
Aspartic acid 3.56 10.03 1345
Threonine 031 19.74 84.23
Serine 0.33 10.37 41.01
Glutamic acid 335 3371 48.65
a-Aminoadipic acid - 177 5.04
Glycine 047 10.72 63.88
Alanine 0.82 173.26 164.93
a-Aminobutylic acid - 2.63 6.41
Citrulline - 0.00 7.02
Valine 238 19.09 9329
Cystine 053 - 5.57
Methionine - 3.05 12.85
Cystachionine 1.38 1.64 2245
Isoleucine 0.89 744 61.23
Leucine 1.84 8.66 95.79
Tyrosine 0.82 9.11 37.15
Penylalanine 1.92 10.57 5742
f3-Alanine 0.46 5.09 321
-Aminoisobutyric acid - 212 1.76
y-Aminobutylic acid - 15.96 132.19
Tryptophan - - 0.00
Ethanolamine - 4.98 7.19
Ammonia 1.90 23.63 21.26
DL-Allohydroxylysine 1.66 1.79 4.69
Orinithine 0.54 6.21 66.12
Lysine 040 2.16 5430
Histidine - 7.85 370
3-Methylhistidine - - 0.65
Carnosine - 1.98 534
Anserine - - 5.80
Arginine - 147.02 3.08
Proline - 32.16 2935
Total 33582 59291 1,247.94

"AV: apple vinegar, GV: grape vinegar, PV: persimmon vinegar.
Means (n=2).
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Z YE S, isoamyl acetate, isovaleric acid, phenyl
alcohol, isoamyl alcohol, phenethyl acetate 2.2 =4 H&
F A}t L= Z+= acetic acid HIE&°] 76.35% S H.o|HA]
ethyl acetate, isoamyl acetate, isovaleric acid 22 =7
ASHYT 722 acetic acid Bl&-9] 4.30%E EF 4%
of Hd] & S HYth 283 propanoic acid,
2-butanone, ethyl acetate, 2-butyl acetate, isovaleric acid =2
2 F& gS YERITE A o= A% 3 g9t
E-2 acetic acid7} FE ©|F02.H, 1 5}l ethyl acetate,
isoamyl acetate, isovaleric acid 5°] ¥F5HLE =2 S
X 31 propanoic acid & caprylic acid= 7<% AT}, Acetic
acidE 2|29 FH 7|7 0 7 4(28) ethanol®] ZAM
ol o5 A== EZo|th29). Ethyl acetate= ol gh-2-3}
Z44e ol 2H 23} vk ol HA A =™ ((30), =
A2 oA EQ1 5= isovaleric acid (3-methylbutanoic
acid)= A= & @ dAe} 2L o]HE 7Y a3.
Callejon 5(32)2 2] %9l isovaleric acid”} }3F g% o]
UNOTH 2 Zo|A o7} FEE 4 Jvkar Bk uf gloh
T3 e A F A AZE 5= propanoic acidE 2 %2
g 3VY F Lactobacillus sanfrancisco® 23 AA3E T
(33,34), 53] propanoic acid®] &2 7H2] 0|4 Fo]Z o]
il B EQTh34). A 2E A 2o HEH caprylic
acide= 2129] F A S22 ketone®] SPHEA] butterdF-S
W™ (35), ARz AEH acetoine T2 HE 2 I3
oS WA (36) IBES Aol ofa dag WE F
A E AL Davies”t H.a13FATH37).

r

e b
1m ox

AR 7|TE 2

A= A 3 ARl 7he ' GeMset 29 o
T2 3184 A7t gl AlRe) S 2 whedt
o2 534 Heg HojFe gty BAYy ot
(38,39). ol&qt FAE o83 £4L Al&ska Hedh
o= gt AAle] Fe AAshs 545 7IAaL o
ARt FARSHA WESSAU Aol X|shA] R 2et
AR Wehs 545 7HAAL AHK39). AR B4
Foto] Ak, Z& B g 20 EE AR Ade
Fig. 1 3 29} 2t} Fg. 12 %7] BAAO2RE wpA=}
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Table 6. Volatile compounds of in commercial fruit vinegars

(unit : peak area, %)

Peak RT(min) Compounds AV’ GV 134
12248 Hexane 032”7 04 -
2 321 Dimethylnitrosamine - - 230
33303 Methyl acetate 0.35 0.20 -
4 4046 Ethyl acetate 094 6.10 2.68
5 421 2-Butanone - - 4.19
6 4333 Methyl propanoate - - 091
7 5148 Dipropylamine - 0.21 -
8 6027 n-Propyl acetate - - 1.99
9 6152 n-Butyl acetate - - 0.28
10 6411 2-Butyl acetate - - 2.12
1 7197 Isobutylisothiocyanate - - 0.54
12 1755 Isobutyl acetate 0.26 - 0.16
13 7537 Diethylimine - - -
14 7713 N-isopropylacetamide - - 043
15 8018 2-Butanol - - 1.99
16 8585 Methylfulvene 0.29 - 0.56
17 8761 2-Fluoropropene - - 0.39
18 9.063 Butyl propionate - - 1.08
19 9375 Sec-butyl propionate - - 0.34
20 13534 2-Methylbutyl acetate - - -
21 13.602 Iso amyl acetate 6.21 392 1.26
22 14898  Isopropyl isothiocyanate - - 0.70
23 15217 3-Piperidinol - - 1.06
24 1739 2-Methyl-1-butanol - - -
25 17406 Iso amyl acohol 2.16 1.14 0.59
26 19832 1-Hexyl acetate 0.13 0.13
27 20.191 1,4-Dioxane - - 135
28 20216 Acetoin 0.29 - -
29 23493 3-(Acetyloxy)-2-butanone - - 0.14
30 24368 2,5-dimethoxytetrahydrofuran  0.14 - -
31 24871 Isobutyl isothiocyanate 0.11 - 11
32 25093 Acetic acid 7053 7635 4430
33 25491 Furfural L15 1.44 1.14
34 25818 Methyl isocyanate - 0.17 -
35 2582 Ethylhaxanol 0.15 - -
36 26346 Ethyl isothiocyanate - - 0.23
37 26579 Benzaldehyde 1.68 0.36 0.78
38 26948 Propanoic acid 0.24 1.34 16.09
39 27189 Propyl nitrite - - 0.24
40 27383 Iso butryric acid 0.39 0.18 1.06
41 28312 Butyric acid - - 1.53
42 28405 Butyrolactone - - -
43 28.868 Iso valeric acid 575 2.57 1.46
44 29744 Butanoic acid - - 045
45 29.859 Benzene - 0.25 -
46 30.749 Phenethyl acetate 2.14 144 0.75
47 30871 2-Pyrrolidinethione - - 0.08
48 31058 Hexanoic acid 0.29 021 0.34
49 3185 Phenethyl alcohol 4.84 - 097
50 33318 Caprylic acid 0.86 0.97 0.24
51 35479 Decanoic acid 0.17 0.60 0.08
52 35895 2,6-Di-tert-butyphenol 0.60 0.62 0.29

"AV: apple vinegar, GV: grape vinegar, PV: persimmon vinegar.
IMean(n=3).



622 Sk 2 F A4 -5 818 A Al17d Al535 (2010)

uuuuuuuu

PV

Fig. 1. Derivative peak patterns in commercial fruit vinegars by VaporPrint™ image program (AV: apple vinegar, GV: grape vinegar,

PV: persimmon vinegar).
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Fig. 2. Principal component analysis (PCA) of E-nose main-peaks
in commercial fruit vinegars (AV: apple vinegar, GV: grape
vinegar, PV: persimmon vinegar).
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