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Simultaneous Gas Chromatographic Analysis of Ethanol
and Acetic Acid in Vinegar

Hee-Nam Yoon

Foods R&D Center, Cheiljedang Corporation

Abstract

A method is developed for simultaneously determining ethanol and acetic acid in vinegars by quantitative packed-
column gas chromatography. Vinegars were filtrated and directly chromatographed on a 2 mx2 mm stainless
steel column packed with Tenax-GC, 80/100. Ethanol, isopropy alcohol as an internal standard, and acetic acid
were completely separated within 20 min of running time without any interfering peaks. The accuracy of packed
column gas solid chromatography (PCGSC) was discussed compared to the analytical data by titration, high
performance liquid chromatography and capillary column gas liquid chromatography (CCGLC).
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FollAl A2 ol 1988 A28 Husieler
FHHEE TEsPH gl R AR 4 AR 6.5~7.5%,
wiw), TAE ofF2A R 23 (ALY 10~14%), Uut A1}
Ax 6FAE 4.5~7.5%), 245 A4l 2 152AEE
13~14%), L4k FelA) 2 SEALE 4.5-7%), TALE &
DA IZAEE (3-14%p)2lch AR £HE ol
of 24 wpyel AYo] 23] $4922) PFA 2 e
Wlct

ollete W =4 BFEBY

TRl oflekg 8 A A Hrisled A B
HE FEAE §9E Az} APy FEx
1.0~5.0% (viv)E WistAlgon], 2419 X 3.18~

14.62% (w/w)Z. t}efs}slsd ol

MEEY

A 8E o 05 g H == A 3slA] weighingste] =}
& vjo]Hol F1 0.1% phenolphthalein-§-<§-& 3~5 W}
2 A7k} 0.1 N NaOH £ (A A =1.002)2.
2 B3 o] 3027t #AIE wiix] AAsle] AL
NaOH §-1¢] o(mLys 24 ¢ vl olzfjo] Al4tr o
2 APEE A4

A (%,wiw)
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HPLC Analysis of Acetic Acid

A]|£E& 10 mL methanolZ 43} A}7) sep-pak Ci
(Waters, US.A)ol] £344)7 ¢ 2 mLE vy uke
-8 membrane filter (Millex GV 0.22 ym, Waters) &
g o &AM azetE o YE o)43le
241 #4¢ AA 85tk 4149 7]7)%E HPLC (ACS
3350/04, Applied Chromatography Systems, UK), column
-2 Aminex HPX-87H ion exclusion column (7.8 300
mm serial No. 254749, Biorad), column oven 2%+
40°C, mobile phasex= 0.1 N H,SO, (isocratic), flow
ratex= 0.6 mL/mine] FHeo g EA3gc). &L
UV detector (SLC-200, Samsung, Korea)3 o]-g-3}od
210 nmellA AAJ3tdet. o] B2 Z 24 XFE
E& 77t 1A SEold B4 ARIAE Y
sl A=A P 0.99030]¢] ).

GLC Analysis of EtOH & AA with Capillary
Column

Az ovhg W ZAF AF-L Dynamic thermal
stripper (DynathermA}, w|Z)E ARg3ke] purge and
trap gy o xalsgict A8 1.5 g% Z/H5-S50g
€ 20 mL 8-3k9] strip vial (SupelcoA})dl] wo} A4
7F2:(220 mL/min}yE Eol'g it Al 8ellA Y= 3
W A 32 glass tube (15 cm x4 mm LD, supelcoA})el]
2= 9]+ 200 mge] Tenax-GC (2,6-diphenyl-para-
phenylene-oxide polymer, 60/80 mesh, AlltechA})el] 40
‘Coll 4] 38-7F XA A k. £4] 3} -E4t glass tube S
A Qe Yy 25+ 50°CE frR skt 3t
A1 F-9] ¥4]o] Pl Tenax glass tubeE- gas chroma-
tographoll 200°C2] stainless steel line 2.2 o7 =] o]
)%= Thermal Desorption Unit (DynathermA})el] loading
Al Ft}h. Tenax-GCeoll EA=e] glwd 3t JEL 20
mL/min® & 52+ dF 7[A 8 250°Coll A grbs o]
stainless steel line-& %3] gas chromatographel] =}#
9=t
Fuk A Re] EA{o] Al4-% gas chromatographt=
Hewlett Packard 5890 Series I10]9} 2. SE-54 fused
silica capillary column (60 m x 0.32 mm LD, 0.25 um
film thickness, J&W ScientificA}) & o]8-3}ed Hz2l3t
% flame ionization detector (FID)Z 73 &3}¢th. olnf
injector porte} detector porte] 2= zbzb 220°C2}
265°Col9lem columne] &2 35°CollA] 287t 4
A} 8} 8°C/min 2 & 250°C7}R] 2714171 F 250°Col)
k] S—r-7P F2)8l 5 c}. Carrier gas & A-4-3F W§-2 &
42 1.5 mL/min ©]¢] 3L detectiong #3F T7)e} 4
s 7}-/‘\«] 42 22 270 mL/min, 30 mL/min ¢
et

GSC Analysis of EtOH & AA with Tenax GC-
Packed Column

A ®5E o35 & 2 mL screw cap vialoll 0.975 mL
£ 4 7 weighingl ¥ internal standard (¢]3} LSE ¥
712 isopropyl alcohol 25 ul-g weighingdled 37]}3)
v} 587} Vortex mixer® 3 wuigh vb-g 1~1.5 ul. A
X& gas chromatographel] 213 4] 3}9ic}.

FAoll AF8-%l gas chromatograph+- HP 5890 Series
II Pluse]gir}. Stainless steel empty column (2 mx2
mm [D)el| Tenax-GC (80/100 mesh)yg 2% 21, ¥
A4 columno @ ARg-slglon Reldt ¥ FIDZE 7
&3t ol injector porte} detector port?] &E &=
z+z} 220°C2} 235°Co]g) 2™ column®] & X+ 80°C
oA 38-7F $-2| 3L 20°C/min 0.8 120°C7}A] E7}A)
#A 1587 f2)stg e, A2 200C/mine 2 170°C7}
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A Z7FAA 1087 §-2)3Fdch. Carrier gas & AF&-%F
#F-2] $42L 50 mL/min ©]¢] 37 detection-- £} 3+ =
719} A 7k §-£-8 7bzt 250 mL/min, 30 mL/
min o]gjc}.

EFEHE AldrichAle] ol|gh-8-(99.5%), isopropyl
alcohol (99.5%), 2AH99.7% ©]Ahe A}8stgdon 2t
Z+e] M B8 AlZH(retention timeyg &<2l3}L isopropyl
alcoholol] th¥} of|&+-&-, 2AF2] response factor& #4158}
of Al g o] oljekg 7 ZAbo] Huke) F-83}gch

SHAME
Pearson A}#@Al<re} A1 2] F7H(p < 0.05)y8 AlAlsH=
®) SAS program®’& o]-23}¢ic}.

F< L -y
Accuracy of packed column GSC analysis
Tenax GC-packed column® g A]Z2E 33 A7}
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Fig. 1. Representative gas chromatograms of a

standard mixture (A) and commercial vinegar (B) on

Tenax-GC packed column.

F 2F% AHARA 4ol LSE AH-E 4 SIlcH(Fig.
1). Isopropyl alcoholS- LSE ARE-& o) o]o)] g} o
&3 ZAk2] response factors Zbzh 1.0985 (viv)eh
2.6855 (ww)E AlAlElgl o olelgst 2AMS A3}
FE2 Z3% standard mixtureS- ZH-2- Wi og #4,
packed column GSC(¢13} PCGSCE. 3#7))2] AH¥YwE
Hrhgk At olekg-o] Ao e A FAFghE 1.16% (N=
S5), ZAFE 1.36% (N=5)Z Tenax-GC packed column$
AHERE o'kt 2AFS] FA] #Ao] e #al
sholekTable 1), Beh2sbe] 418 77he weisioie}
= Hh oAb oeke-2 3.36%, A 3.96%2 o)7]
F5e) oA 0% 23 WelE gaks
el ol mjFo] Bl w9 A3 B wbd el
Ut 53] HFEARLe] AR 7.6%, ISE
1028, AR 143808 208 ojujdl £4& &
+lerg ARsl BE A% 0% v Asaels of
218} Tenax-GC packed column-& F=Fr} AF7o] &
29 2Hgo2 oRee THohe AlERS owe
&= FAolx HAslA o83 4 9}

A ze] FH AR e 248 £33 A
8-& packed columnel] 27 413 7-9-= Blanch 5@
o ofsf Bl Aeo| glr}. zejv} 15 Carbowaxe}
bis-(2-ethylhexyl)sebacate®] &E3}2-(92:8)2 desilanized
Volaspher A-20] coating3h(4%) 7Z1-& X158 AL4,
packed column AH|Z7} Lo]3}x] ¢igton B FE A
24 B oRhE-2 3.5%, 2ARE 50208 FA A
o] wol g ¥ HAHE WESl A%t

Vinegar analysis

Tenax-GC packed column-& A}-8-3le] 19F] o]=
© FE, A, ") A 2EY ovbgt 2AHE B4l
A oH, olge] olF EHAX Y Al R -E n
o}glarA} HPLCE ZARS, titrationel 2]3) AlL &,
capillary column GLC (¢]3} CCGLC:2 #7]))2 &t

Table 1. Accuracy of simultaneous analyses of ethanol and acetic acid by Tenax-GC packed column GSC in five

standard mixtures

Standard Formulated Recovered
mixture Ethanol Acetic acid Ethanol Difference Acetic acid Difference
no. (%) (%, wiw) (%) (%) (%, wiw) (%)
1 1.0 14.62 0.97 3.0 14.77 1.03
2 2.0 10.48 2.2 1.0 10.35 -1.24
3 3.0 7.36 3.02 0.67 7.24 -0.16
4 4.0 5.28 4.03 0.75 5.46 3.41
5 5.0 3.18 5.02 0.4 3.21 0.94
AAE" 1.16 1.36

"Represents average absolute error.
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<3 248 F71E BN, B4 ) o 3339
Aol f-5-& Wt

A} 28] A A AL (titratable acidityy= PCGSCE £-4
3 2A4F Jhegell v 8 X E Bnyon ARAS
E 1=0.9962 (p <0.001)0)lch(Fig. 2). L8]3 HPLC
2 FAM3 24 g8 9A] PCGSCE SA 7 A 29
ZAb g9 -2 AR 34 (1=0.9960, p < 0.001)E- 1}
el ek (Fig. 3). Al 28] A§ 2Ale]9je tfE /7]
e AAe] shsdtng HAAESL 24 ekuc
T AAAES} 2L ke wlge] ¥ & AR
A PCGSCE. 343 A ek} A7}
]-$ &2 A, 22l PCGSCH| 23 Al Alge] =

14

r=0.9962, p<0.001

Titratable acidity(%,w/w)

ES
e

T T T T

Acetic acid content(%,w/w)
by packed column GSC
Fig. 2. Relationship between titratable acidity and acetic
acid content analyzed by packed column GSC.

r=0.9960, p<0.001

Acetic acid content(%,w/w)
by HPLC

2 T Y T T T

Acetic acid content(%,w/w)
by packed column GSC
Fig. 3. Interrelationship among the data of acetic acid
content analyzed by HPLC and packed column GSC.

Ab §Hefo] HPLCO ]33 &AL edvls wj&yt 3 5
2. 2 PCGSCE o] 48 &4 ¥ B8 v$- 844
w2 wniEglc)

PCGSCol| & Tenax-GCE columne] £AE2 A}
43t of|xh-g7} Ak ¥elE &% wbd CCGLC
A& Tenax-GCE F B4 Faha2 AHg-3h5ir}.
Tenax-GCel] F2t5] ollst-g3 AL @absle Iy
< AA CCGLCY SE-54 columnol|x] ¥-&2]=+&d]
CCGLCelA 7 EA9] ko] A&slA] o] F oA
o dot gAAA F CCGLCH £9l=E o|ehas)
Ak 2407 AR ol W EAbe] 2Adw]9)
Ao} ghet. F Tenax-GCol| F2H#] Eat=E o
&3} 24kl ofo] AR gt g Y 2AFE) ¥
& o) A= £40] 7153}t Fig. 4= CCGLCH 2]
3 24 FEES integrator counts® X 71¥S& o
PCGSCol| 2|8t A58 24t FaFate] FAE vepd
a2y g Azl &AL §heko]l 3.97% (wiw)ellA
12.88% (w/w)7+#] ¥i3lE o) CCGLCR ¥4 5= 2
AL gepe Az 24 Fxol A3 wjEEkA) S
& 4> 9lt}. o}i= Tenax-GCol| F &= ¢rir} @25 =
ZARS] ofo] X8O AL Fol A3 wlHEA] Y
< on)3te}. v PCGSCE EAI1S u] ofjere
FE7F 0.02~2.05% (viv)al A &2E8 CCGLC e
2R A F 1Y 24 ahy Azl A
A7d w4 e 72 2(1r=0.9982, p<0.001) Jeldc}
(Fig. 5). 28408 w4, Tenax-GCE {3, w3t
gle] F9]5l= CCGLC £ dhyg- oghg EAel=
48 4 o}, 24 EA ol X ghelR] 2wy
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Fig. 4. Plot of acetic acid analyzed by capillary column
GLC vs. acetic acid content analyzed by packed column
GSC.
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r=0.9982, p<0.001
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Ethanol content(%,v/v)
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Fig. 5. Interrelationship among the data of ethanol
analyzed by capillary column GLC and packed column
GSC.
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Az A8 FollA] e} A, a3 #nl4
Z2] di3-Eo] ek gkl glelA] 0.535% (viv) vl
qholglent Fv] Alxeo] dBI} 1.22% wE: 2.06%
(ww)Z2 A A=At o)9pzto] A5 olEre- ¥k
°] 1% o]l ¥v] A&+ Spainish traditional vinegar
2A1 BR8] 24 wljofo] EAolw oek-S tepo] 1.0~
1.2% (viv)2 B.31% sherry wine A]20"9} A2 uhH o]
AV Ao Z A7bgcel. &, d e dae dve
A 2 ERE 954208 AXE AEHQ Ax
Alzur o] 544 A 2

2 %

Alz0] oAebgT 2ARE FAlo] $-45} 122} packed
column® 2 gas chromatographic analysis-2- 243}
t}. Tenax-GCE #31EF AME3ld 2 mx2 mme)
stainless steel column$g A ZF3d 3 A]2F o3}3}o
columne] A4 F1Ig A W3 ¥F EYE 4183
isopropyl alcohol®} of| &1, ZAlo] 208 ojulellA] &}
3] FelEdded HEgss) o9 & Ao (p<
0.05) vtebidet. 1952 A2E o]&3lo] Hajupyo
2 AFE.E, packed column GSCZ oek-g3} ZALS,
HPLC=E. 24+, capillary column GLCE ofg+-&3} %
e 747 B sl BAXES AE v sk
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