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Chemical Characterization of Commercial Vinegars
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Abstract

Fourty-two commercial vinegars were analyzed for their non-volatile organic acids, free sugars. amino acids,
and volatile compounds. A study was made to characterize commercial vinegars chemically into three kinds
of vinegars such as spirit, cider, and brown rice vinegars. Sixteen chemical components were significantly
effective for the chemical characterization of commercial vinegars by stepwise discriminant analysis. Those
were malic, succinic and lactic acids from the non-volatile organic acids; fructose and glucose from the free
sugars; lysine, serine, leucine, valine and alanine from the amino acids; 1-hexanol, acetaldehyde, 3-methyl-1-
butanol, 2-methylpropanoic acid, isopropyl butanoate and ethanol from the volatile compounds. Six compo-
nents including malic acid, lysine, succinic acid, glucose, lactic acid and 1-hexanol were the most significant
contributors to the differentiation of commercial vinegars into spirit, cider, and brown rice vinegars. In par-
ticular, cider vinegars could be characterized to be abundant in amounts of malic acid and 1-hexanol, whereas
brown rice vinegars in amounts of lysine and lactic acid compared to spirit vinegars.
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spirit vinegar®]ell AHE-3t Yol el ook
g o] Fe] AZ7} ok Modells S ol &3 A2
2 wine, cider, mango vinegarE°o]l UL malt,
distilled vinegar™ FEE}IL U0, apATIR 2 JE
ol+= spirit vinegar®]el| rice, ¥n], FE, Al wjAly
Z5o] AMET gleomt ', Fujell= ZA HEE A
# A2 oA E(fermented vinegar)$t HWENAH S
AXA] 43 wjzAL, B, 3R, AYEFTE EE
Azse A2V o}, A Z(fermented vinegar)
r Ao} FFrt A dEe ohet oeksl 4
Zz9] A F7} 7153, spirit vinegar®]ell wiAl, uf, o
7, Bejgsll S 82 AMEE Al AP #
8t A7} Buso] glew, AAE Ak, dv), 7H ®
&, dEA 2Tl AREI Qe H el ozt
o} zlolx glor} A):e] FFi= spirit vinegar®]oll 3}
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HFolt FEFAE o] L3 A 2] AMEHPYLR
B 43E HEI A URAE IEHLE A
A0l hd] AN HERE MAEE AR R
4 olvt. AFTE A AR o Fof me} Aze] 33}
AE 217t Alg 4 o™ A dBe 5, A
S35, Az, HEE, SAH = we} spirit
vinegareh I ¥ FEA R $F AEES TR
gl sloir] Aol & vehfA ft Az FRel
w2 W] 3EA] §7)Ake] BASR rice vinegars lactic
acid®} succinic acidE, malt vinegar® malic acid®}
lactic acidZ-, cider vinegary= malic acid®} succinic
acidE, wine vinegary tartaric acid, malic acid, citric
acidg ol {3 Zez BIHe] e 53
o2 g}t HF, FEA 2ol vIFEY R7)Ake] FALE
o] 5-10%4 EAlEe Ao ey s, Az
= glucose”t 7HF wWeol &fHe] sloem dgez
fructose, sucrose, maltose5-°] Z&=HE AR el
o} Azl glelA] olm|xARE fBSA fFEEE A
23 & $ glom A HARHFF HA olv| At
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38-60%7} AAEH, §4 7120FAxE olulxAk b
ZHashe Aog Barse] lopy. Axe] 7] -Fel
glojME ALed U8, dFE YEF A UEF
brothrsollAl #bA] Ad¥-e] xlojE el H=t. Kahn
Z492. cider vinegar #|ZA] unfermented cider stock,
fermented cider, cider vinegar®| ¥PitA] A¥-& M3
A3} unfermented ciderollAE= w=] 570e] AAERE U
& 4 9j9lem fermented cider®} cider vinegaroll:
12702 3 ARo] slg-E Halddd £3
fermented ciderel = propanole] £} methyl
acetate”} $1%1-2™ cider vinegarollM¥ Hi 2] AAE
BeF9 3 3-hydroxy-2-butanoned- U3T-g LR =
gk AAHL F2 A BEAHANA RE BA

= Aoz vebgtl olgh ol Axe| YRS
v A f71AL, 2, oleleAl, A JReE F
sle] AFE 2 glovt B AR F7t T3] A
Aol Y AlBe] H& YRS FPHoE F
At o= A2 Bag zHe] gioh. wiebd, o]A|7HA]
o] A7 AR FE Az FFHe| o2 AR
5o B oz AZUH7|E of8E A o

F el M AlfEE AREE A RE At o
e 2AHS BFEAA A Az e AR
o glejA 22 YBEF AMESPEAM 4FTE UEE A
A AzE AzE9 st Rl F33] 2|7t 9
S Ao|o}h. g AlEET Qe A dReEE &
ZA|2E spirit vinegarZ &iv13h), Al ¥ #9|(FE)
Azrl FF2L o|F1 gloms B dtoMe S
sJollA} AFEI Qe o] E M FFY HREL ¥
R S04, o, obmlxAl, R4 AR HHA
2y o BM3le] Az £57o| uld A EE
2] B2)& wmeotalaal g

ME W

AR

el A AlBET gl dE, Al " EE
Fo|A] AlZAbeh AZUE Treisle] Vi Az A
5 AR FEEgn. FHEE R S22
ISNALE 6.5-14%), A2 ISRAEE 4.5-14%), &
vAlz 12HALE 45-14%)2 EREGE WA Al
g7} 302 RES AR Eg s fFAke g AL
Az of, "ulalz 407 Ade AMEFHH

R7IHEN
A8 10mL methanol ¥42A7) Seppak C,,

(Waters, USAyll E#A1A A 2mLE HaL W2
A4S membrane filterMillex GV 0.22m, Waters)E
of2gt o T&A At MY S o] 88l F
714k $4-& AAEglel AM-E 717]E HPLC (ACS
3350/04, Applied Chromatography Systems, UK),
column?- Aminex HPX-87H ion exclusion column
(7.8X300 mm serial No. 254749, Biorad), column
oven 5%+ 40°C, mobile phaser= 0.IN HSO,
(isocratic), flow rate™ 0.6 mL/min®] =M o2 B3}
A}, HA32 UV detector(SLC-200, Samsung, Korea)
£ o]43ld 210nmellA AAIEIE. o] $HEACE
oxalic, citric, tartaric, malic, succinic, lactic acid &
Z(Aldrich, USAYS 77t 47FA] % £(mg/100mL)ell A
$Asel AFTAL PYRYT PFTASY re E
09903 ojelxiet.
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NEZ 714 2HAS e 2702 AR
HPLC(ACS 3350/04)2 4314w}t Columne- carbo-
hydrate analysis& column(3.9 X 300mm, Waters)& A}
43}l9) 2, column oven %% 45°C, mobile phase
= 80% acetonitrile(isocratic), flow ratey 2.0 mL/min
o] 27128 RI detector(Shodex RI-71, Showa Denko
KK, USAPIM ZZ3l4ct. o] BAMELZ fructose,
glucose, sucrose, maltose EF-F(Aldrich, USAYS 77}
5714 %E(mg/100 mLyIA BAsle] ARAE 24
sl awe] A= 5 09917 o] Yol

Ol tt 84

NEZ #7140 $AA G Be 2A02 ANt
PYRBsEA Al ool ARE 1083
428t ¥ HPLC(Pickering Laboratories, USA)Y| 54
sled ofu| AR EA3}El. Columnd- sodium cation
exchage  column(Pickering Laboratories), &vii=
sodium eluent A Na315%} sodium eluent B Na740
(Pickering Laboratories)Z AME3le] 8871z A £+
ql, 248712 = A9 BE linear gradient®, 24% o] ¥
437} B 4ol} B2ES sjgom fulLEL 044
mL/min®] 2702 ¥4, HPLCHA =i of
"] AFE-E  post-column reaction module(PCX-3100,
Pickering Laboratories)®ll 4] ninhydrin®} #8412 F
UV  detector(UVIS-205, Linear Instruments, USA)E
o] g3le] 570 nmell M HE&stet. 2+t 2.75 g/100 g9
oju|xxAbEe] X £§ olnirAl EFA|K(Pickering
Laboratoriesy& 22 ZH|A BEA 5T Al8e HA
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& FFAe] HAF v @] olu]xAbS A FH(my
100 g)3tA ot

Fleby oo =g

Algel FHWA A Dypamic thermal stripper
(DynathermA}, USAYE AM-3le] purge and trap W
22 zAREFANR 158 FFF 3528 20ml4
2ko] strip vial(Supelcorl, USA)ol| THol Al 7pA
(220 mL/minyg Fol¥ At AR e A A
B2 glass tube(15 cmX4 mm LD, Supelcorbyl] 231
Ho] alE 200mg® Tenax-TA(AlltechAl, USA)el
40°Col A 3R7F ERAIFAGEH] S 59t glass tube
Z 7T gl 99y 2 70°CE RAIEH. #
bl A Ro] ¥7)o] EupH Tenax glass tubeE gas
chromatograph(Hewlett Packard 5890 Series IIell 200
°Ce| stainless steel line 2.2 AZFe] 9l Thermal
Desorption Unit(DynathermA}, USA)ell loading A1Z =t
Tenax-TAell EA o] ¢l A AE-L 20mL/min
L8 32 dF 7kA2 250°CHM ©EEe] stinless
steel lined E#} gas chromatographell 3% FF
At

e MEe| BMIt &Y

3k A¥-e] BAMof| AME-® gas chromatographs
Hewlett Packard 5890 Series I1°]%1.2™ SE-54 fused
silica capillary column(60 m><0.32mm [.D, 0.25um
film thickness, ] & W Scientificrhy& ©]-8-3le] £2]gt
% FID Detector®- 7] &8¢l v} o]® injection port2}
detector port®] &X& 77t 220°C$} 265°Co] %2
coimn®] &= 35°CellA 232 I8k 8°C/minS
2 2500C7HA] A F 250°Cell A R RA131e
o}, Carrer gas® AM&8t @F9 H4-2 1.5ml/min °|
A HEE A% I e ke 552 47
270 mL/min, 30 mL/min ©]$iv}. HP 3365 Seres II
Chemstation Software®. gas chromatograms A}e]?"
peaks ™ H8-S A Al (integrator counts) FAA AL
9] A2 AR

A 8ol EAlsh= YA AEES TAHE S A
23} GC-MS system-> Fisons GC 8000 series/VG
Platform mass spectrometer(Fisons instruments inc.,
Manchester, UK)2.2 FAIE 9ot A|859] WA E
< GC-FID9} Z& wyez IR, TUT
column, ¥Y¥ GC +AZA, TYI FUAA
(Thermal desorption unit, DynathermAl, USAYE A&
sted GCMSS GColl FUHAT. 22l MS9

jonization voltage:= 70eV & 315127, GC ¥4l ¢
slo] 2%l 7} peak AEY THE EF E3(Sigma,
UsAa)® #FE A 9 GC-MSel 2|&F mass
spectrums EONZ librarys} ®]L HEA3dct. ofwf A}
4% library¥: NIST, Wiley, Carlo Erba Pesticides
library °]%itd.

AN

vl 3 f71AL, 2 bk, S RS B
MA)Z AR-Ele] SAS package® FA| A sl om @,
Azxeo] Ffol W et JEEe 5SS metsn
2 A Y B A (stepwise discriminant analysis)&
A slge. vl f714b o, olelxAl, 3 A
¥-2 7217} subdata® HE|ste] whAlA BEEME A
Aetged, AxE FHEE grouping® " spirit
vinegar, A7}, X2 ES EAYH R FTEINFE
3 ARES AAsdd el 47k subdatad]| A
AYE AEESS 25 s vHAH 28 BHS
Az} Aajsiglen, whA A B B 27 GAg
2 A== 23t AR Rlel p<0.15& F3AH o
7}A] A& sts et

- -y

Az Alg 47lol s w1 7R lactic,
malic ¥ succinic acid ¥ 65-& Azslolen, 4 A
Bo2x fructose & glucose & 455, opv|kAte R
X alanine, leucine, lysine, serine, valine % 16%-%]
olpl:xAbS A B U AELEE 2-
methyl-propanocic acid % acidf 3%, ethanol, 3-
methyl-1-butanol, 1-hexanol § alcoholf- 6%, acetal-
dehyde, hexanal -5 aldehyde§ 7%, ethyl acetate,
isopropyl butancate & esterf 12%, 83 3.
hydroxy-2-butanone % ketonefo 2523 3059
Y gpeng 2 sk

GF-g Egle] ZAPLEC o8 AEF k=E, A}
3, WelA2Ee Fosb MZ o2 AL AGEE A
2, SHH RS Hold mel 711E R YA
AHgEE 8ol AojHoddks whecth F, ABM f
#HE Fop) HFHoE Az FvE AR T
g = ook Az Fr|FdME ARERY ol
A dAE F U AL AR nR Azl F
Mg dRog AxZ Z2HWe x1d(differentiation)
sR= o] 7hsd A E Fpetslazl 30 A A
Hom AZEEAM(canonical analysisyS AAISFHT. A
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Fig. 1. A canonical plot of commercial vinegars using
thirty volatile compounds.
@ : spirit vinegar; [ : cider vinegar; 2 : brown rice vinegar.

& 3o A AEozNE vie| A& (canonical
variatesyd =& EA3e A kx, Al dely
Z NEES FREE A3 Feise] groupingHE
AL golsls] o w(Fig. 1), =3t FH-F-A (discriminant
analysisioll 93] 2% FFE2 2Rl M=
FEAZ 1SN BT dRARE, 1719 Al xE
BT Al zz, 12709 i 2F iz
EHso) a7l AR A7} RS HEEM 100%
S vhehisiek(Table 1) ZEH22 A &E3FE] 3
Ay} zpele i AR T AeldlM feiEE
Ao oA A AERE AMgsled® AlRES] A
Wl 7hsehe d1d 4 e A ARl 9
8} 283} A7 Schreier & Reiner®oll 23}y grape
brandies®] FFH groupingsll AlT® He| glew,
French grape brandies®} German grape brandies, ~L#]
I French Cognacs®] zPH3}E- 9l3] 3k MEo
49%2] compounds® TF AMEEF ZH3 24709 brandy
A BEL Al 52| grape brandy groups®2 o]
2P EEE Zleg ¥ FHdoh

ME Fo IEA RS FolA ZE RS A
Z0] FFHHEE AolF vepe AL oMER 30F
2 A AEE FolM AEE FFHHE groupingdt
o M Z2A Ve AEES =F3a 2
A BHENS AAEGTHTable 2). YA o2 Al
g A AE-L |-hexanolo] 3127 (p<0.05), acetal-
dehyde, 3-methyl-1-butanol, 2-methyl propanoic acid,
isopropyl butanoate, ethanolo] &xF4 22 A= 30
Zo] AP AE FME 650 I AEel A
22 EF5HE groupingsh=d TH ZA] Y= A

Table 1. Classification matrix of commercial vinegars
using thirty volatile compounds

Vi Item Percent(%) of correct
negar - - - . .
Spirit Cider Brown rice classification
Spirit 15 o0 100
Cider 0 15 0 100
Brownrice 0 0 12 100
Total 42 100

Table 2. Steps and F-values of the compounds selected
for the differentiation of the commercial spirit, cider, and
brown rice vinegars in stepwise discriminant analysis
using each subgroup of chemical data

Step no. Compound F-value  Probability
Non-volatile organic acids
1 Malic acid 12.178 0.0001
2 Succinic acid 4.506 0.0175
3 Lactic acid 4.029 0.0261
Sugars
1 Fructose 4.867 0.0130
2 Glucose 8.287 0.0010
Amino acids
1 Lysine 4.855 0.0131
2 Serine 7.367 0.0020
3 Leucine 5.991 0.0056
4 Valine 5.723 0.0068
5 Alanine 1.230 0.1221
Volatile compounds
1 1-Hexanol 4.695 0.0149
2 Acetaldehyde 3.861 0.0297
3 3-Methyl-1-butanol 3.306 0.0477
4 2-Methylpropanoic acid 2.800 0.0741
5 Isopropyl butanoate 3.624 0.0371
6  Ethanol 3.399 0.0451

22 Jepgdoh ol o] B 652 WA AR o8
Alzel 54 g FEXE vlasnd o8 Y
A ARl wisl Aze F5E o] BAAHSE &
o3 H=2 YA Ae|7} olE-E vl 53
acetaldehyde’:= ALz}, #wjAlze] wlg) ofzAlze] &
Aol HNFEZ |-hexanolL Sk, Bu|Azo)] ]3|
AbmAlze] EAA 3RMEE, ethanold %3, At
A zo) uvja] dnjalze] EAAq] gHER #F .

AME Fo| A AEZOAM ©X 6 T DA
Aimters Alzxel FHY 77 7bsd AE 9
ofstial HEEAME A eSS FHEA
A3 A BE-S plottingdr A3} Ax9] FF4H grouping
o] GsA o] FIA A= efstem N FH Az
7} A AR 3leirM ME overluppingFle] F-E3}9
chFig. 2). 28jv}, BH M) o3t Axe] FHE £
FolMe el gz} dujr|xg, o9 AR
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Fig. 2. A canonical plot of commercial vinegars using six
volatile compounds.
@ : spirit vinegar, [ : cider vinegar; 4 : brown rice vinegar.

27} fEAlEGN) 9 dvA20F)E, 448 oy
27} kARG 9 AR RWNHE 2 E5E
a8 AEF 11709 Ax AET AYE EREA
%%°A}°t% 2ol AEwoa] 73.81%S IJ’aPLHaiD}(Table
L&, Apd sl Mg I AR G} EolES
i Al Al «lﬂ Az 8o FHH B A
2 o2 E S HUE £ A ey A
N2 A *é%—% e Lo ® Baky BRI
BT} 73.81%2] L8 Hol A& AEE oz, A}
, el x2 EAX ey gleiA $Alxos Tie
sfokat A ARl EH T Azt
Azl gloir kA AEo]s)e] o9& chemical
compoundsel] HHAME v]FEA F7]4k, o, obu] Ak
o8 FEst] BHEAMS AAEETHTable 2). <4
Fo| uFA F7ARE AMEEle] REHEMS AAE
3 ofz, Al "ulAl x2S FFHHE groupingel 4l
o]A] #23hp<0.05) BIFEA F7)ARE A
Malic acide So|3lE FovalueZ} 12.1782A] w$- ¥
2 £xE el 2 (p<0.001), succinic® lactic
acid7b 22 2], bAoA A H el (p<0.05) °l

Table 3. Classification matrix of commercial vinegars
using six volatile compounds selected in stepwise
discriminant analysis

Vi ftem Percent(%) of correct
inegar ———— ’ o
Spirit Cider Brown rice classification
Spirit 140 i 9333
Cider 5 9 1 60.00
Brown rice 3 | 8 66.67
Total 42 73.81

E 359 w3A fo14ate] A2 £ kA
abol7} Qlg AR AAEF o & v #
7JAkl citric, oxalic, tartaric acids 3]Z&2] 7ol
Aglel ¥ago] wigt 702 Wudsigich T AFl
eloi M= fructose?}t glucose’} A 2E FFHUE ApE
3psh=) 71 &4 el chemical compounds® A§Zt
& 4 U2 (p<0.05), PR AR sucrosest
maltosel= Al 8ol Wl 2 Aol7t ol Ao viebdt
o}, gk, AlZoA] X3 16F8] olu|iAke] 3o
= —r‘ﬁ—\r"#ﬂlﬁ Azt AL lysine o] 229
FRHEE P & AlE BeFE ZleE fddEgle
H(p<0.05), lysineo] 99| & FE4& ofvjxAlo R
serine. leucine, valine, 22l alanine®] <X} 22 A
=},

AEAHoz AZE T 3
compounds®] Ffol ulel T2 o LY A=
= [-hexanol®lel] 5F, vIFA H7]ALS 2= malic
acid®el] 2%, @ A0 2= fructoseet glucose, 12
31 opu]xAkO 2= lysine]ol] 4%2] compounds®. F
16£29] compounds® I3ld AlzxE FHEER F

] AR e 5 Ude Aot AAE 1659 com-
poundsE AH8-3le] HEHBAN ABES
o Afzbalzs} dw|dze] Rl FeislA] gorg ¥
oA e B FEEe] RS Fg. 3). b
8 Alxe FFHY EFo doME 15749 S22
ZA 22, 7R AbgA |27} "eja)2R ) |
el #e|yxr) A2 BFE] 42749 AEF
2719) AR BFH7F AR o] FoAA ¢hoH
95.24%2] 2 B HFTE HofFg}H(Table 4).
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Fig. 3. A canonical plot of commercial vinegars using
sixteen chemical components.
@ : spirit vinegar; [] : cider vinegar; 4 : brown rice vinegar.
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Table 4. Classification matrix of commercial vinegars
using sixteen chemical compounds selected from four
subgroups of chemical data

Vi Item Percent(%) of correct
inegar —e . o
Spirit Cider Brown rice classification
Spirit 15 0 0 100.00
Cider 1 14 0 93.33
Brown rice 0 1 11 91.67
Total 42 95.24

Table 5. Steps and F-values of the compounds selected
for the differentiation of the commercial spirit, cider, and
brown rice vinegars in stepwise discriminant analysis
using sixteen compounds derived from four subgroups of
chemical data

Stepno.  Compound F-value Probability
1 Malic acid 12.178 0.0001
2 Lysine 5.563 0.0076
3 Succinic acid 9.639 0.0004
4 Lactic acid 5.272 0.0098
5 Glucose 4.709 0.0154
6 1-Hexanol 2.062 0.1429

Alze] F54 groupingdl 83t 1682 compounds
£ o] &3t =, A, ¥u|Azo gk A 2
HEAL A sk (Table 5). 9 A $o HESF
AM FAHes ARARE FHEE xpHIEled
7198} compounds2* malic acid’} 7} F83F &
A2 Ae=Egl e lysine, succinic acid, lactic acid,
glucose, l-hexanolo] «=xtH o2 AMedsel %2
compounds”} 7FA F83 Zlog vepge AA="
compounds®+= BIFWA] f7)Abe] 3%, o A¥e] 1
F, olu|xAlel ¥, ZE|3 YA Ao 15024
chemical data®] 25 groupellA F32%F f==HGE}. ¢
#Halt A= kx, Alg), AvA RS st Aoz T
23ty AwstnAE o ZE group® chemical
compounds® TEisebdg ojwldie w|FUA {7
Ab, 2, obrlxeAl, Y ARFelM 8 T groups]
chemical compoundsit e{#|ME Ao FE ¥
g 4 Ad5E v

2z A853 652 chemical compounds A} &71e]
ARRAE BAEH e FEA 2 vlE A 2
malic acid, 1-hexanol, glucose®] o], Hm|alZ=
lysine?} lactic acid®] ¥aFo] W2 AHo] EA gt (Fig.
4). 13|32, succinic acidiE Ao} #rAE BFo) gl
oA A Ze] vls] FeFe] TA Jehget. FE, AL
HAze} dn|A2E vlag ASol= oAz AL
A 2ol M]3 lysine ¥ lactic acid®] Feko] wWke
=, A2 gl Zel His] 1-hexanol®] el

6
4 iysine A
factic acid
3
S 27 *
3 a inic aci
& ﬁ succinic acid  glucose
~ malic acid o
27 4%
-9
®
-2 4 1-hexanol
a
-4 T T T M
.2 0 2 4 6 8
PC 1 (29.4%)

Fig. 4. A principal component plot of commercial
vinegars using six chemical components.
@ : spirit vinegar; [ : cider vinegar; 2 : brown rice vinegar.

B2 Aoq waAch wepr okx, Ak, "oz
E4)& chemical compounds® AR 7§ %Az
e 7 Azl vis) HAAo= Fafe) @
Aol glor, Al#AlZE malic acid®} 1-hexanol®] ¥
ko], #rjAlZxE lysine?} lactic acid®] o] @S
ol BAeletn Azgiet. Al A29] wiFPLA
714+ FAHAM o2 3T Furukawa$ol] 28] rice 4
Zof| & lactic acid?} succinic acid®] FeFo|, Ak} Al
o= malic acid®} ko], malt 2)ZolE lactic acidd
malic acid®] ol BeoldA @& Ho=Z B uwel
B Agel Agtel JXsiedci. el {-hexanol-
AH el HAFe W3R A2 Al @5l @
o] FiEle] glema@® AlgHe fRE Axg A}
Azl EAJHQ]l chemical compound® 318j&l= 7
£ of9 Ay ARl

2 o

el T3 4270e] Az Alae] ds w3y
A F7AY, &, oblxAl, I HEEE SR
FAsle] 33 ARl o8t G, Alt, rlAxe) 2}
s} 7heAAE ZEse v f7]Ake 23 malic,
succinic % lactic acid, & AE¥SEF  fructose2}
glucose, °©}7)AF S 2 3= lysine, serine, leucine, valine
% alanine, YA AJE-S2 3+ I-hexanol, acetaldehyde,
3-methyl-1-butanol, 2-methylpropanoic acid, isopropyl
butanoate ¥ ethanole] 2%} FFH xpH3ld] {83}
AEez ezt ol2lgl o A Fo AEE Fl

A% malic acid, lysine, succinic acid, glucose, lactic
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=
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