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Using Ethyl Acetate Extraction

Soichiro Takahashi', Hudagula', Noriko Minami', Rina Sato’, Makoto Kawakami?,
Masahisa Abe® Tsutomu Abe' and Akihiro Yamaguchi™

' Department of Food Science and Human Wellness, Rakuno Gakuen University,
Midorimachi 582, Bunkyodai, Ebetsu-shi, Hokkaido 069-8501
?Food Processing Research Center, Hokkaido Research Organization,
Midorimachi 589-4, Bunkyodai, Ebetsu-shi, Hokkaido 069-0836
* Winecluster Hokkaido, Otaru-unga Terminal, Ironai 1-1-12, Otaru-shi, Hokkaido 047-0031

“Geographical Indication (GI) Hokkaido” has been operating since 2018 with the aim of ensuring the quality and
branding of wine produced in Hokkaido. The amount of volatile acid, mostly acetic acid, should be regulated for GI
certification since excessive amounts contribute to objectionable off-flavors of wine. In this study, a new application
of gas chromatography (GC) followed by ethyl acetate extraction was examined as a simple and reliable method of
measuring acetic acid in wine. Higher reproducibility (RSD: 2.1% to 4.4 %) was observed in three types of wine
samples with different acetic acid concentrations (254 to 756 ug/mlL), accompanied by satisfactory recoveries (98 %
to 102%). The determination range was 254 to 1236 ug/mL, well covering the required criterion (<1000 ug/mL).
Significant correlations were recognized between the GC method and high-performance liquid chromatography
(HPLC), which has been approved as a screening method for measuring volatile acid in GI wine (r=0.993, »<0.0001,
n=22), and also the distilled-titration method (r=0.974, »<0.0001, »=19). Thus, the proposed GC method for the
determination of acetic acid in wine samples is simple and reliable; furthermore, it will be useful as an alternative
reference based on a different principle to the traditional titration method or the prevalent HPLC method.
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BLTRCIMBETTOLNTVWELI N EEER L.
7o, K& TR SN A HENER (bl | SHEE
2 (LUF GLb#E) o Bt L ML % =), wl
DORMEZR W 72T VERDH B Z OFALZEHHT O F-MiE B
D1OTHh LRI, T4 OBERIZEDL S FEEL S
THY, ZDB%ELEEOTWEONEEETH 5% 7
AVDATANIZE T, HERBROKLITIZEZLNY 10
% LF J — VIREWIZ BT 5 EEERE OB # X 200~300
pg/mLY™0 &g T v b, BEER 700~1100 pg/mL fFiE o
BT, FERREEA ORI CHRMRZ KL, 74 VIR
HoaT VARG ZLEELNTNLY —HT, T4 VD
7T A X MIBTBREROBZENLE NS 0EH ) TR L,
—ERAETRELVIFELAFET S LaL, @EI
FHETHEMLREEBEN, £ 7 7L —nN=t LT#b
NDHZENL DY, BERERZIZ 57200078 %
ENTBLY EHET Ry - 74 8 (0IV) 133838
TR 1200 ug/mL (BEREME) SREEL TV 5"
GlILiEE Tld, AEEOKRELAERBHET 2L 24
FEZEER D FLHEME % 1500 ug/mL LT &% E L Twa) £
7o, ANEEOKRBESERHEETIE—BEICSBORE 2l
ETHIENWEETH L7720, fBHMEDREE LT, KA L
717 & pH AL & BRI EEMRIL SR 2 A G DY 25
Wik ra~ 7574 — (HPLCHE) P ZFHTE 5 L L
THBY, WL L) EL < 1000 ng/mL Kiii & T
L. L7279 T, HPLC IZ X B EEREIISE AT 1000 pg/mL
RBRIGAR, REETHHREGERHEEECLVE
B, B E LEEHES e 2L o Tna. K
Wigecl, GlIbWE LA O BALFE AT IC B W CHERB O
fiipMEkE & L THRMA ST b HPLC #: & 3 JEEmIC
R LEEMRIF VI E WA A7 0 N7 57 4 —
(GC) & BT A v hOFERRE mEOR%E & ME L7z
%8, HPLC IEIZ D W TR L ILRADPLETH ),
TA DL MR~ M) v 2 AREOgE, SO
WERZIAERMELH DI ENS, SHEKLTA LD
EEHICECE 2/ FEL LTo GC o ik
PR CMEE L 72,

X B 5 &

1. & =

WAL MU o (B L), v (7454
F A 748 10mg/mL 2-71,% 7 —)b, 0.1 mol/L ¥k,
KA S M) 7 Ak X O R SATAEERE (£=1.000) (v
T HDGASEA ) %2 w7z,

2. T4 H#

GlALMFBE DO FRFEAE 20194 6 H F ClcxziJ727 14 » 35
i, 74 ERT—IRIMAIHZO T A » 6B LU, A/8—
774 v EECENE 3, ESNETEOT L VR
BELE L7 ZoW, BEEREESRVWEHT A 2 W1,

JEDHRT A Y Rl BEOPEWIRT A » R2 O 3 1% Zethi
AR L 72,

3. BIERA7A EFROAR

e 7 AR EE GmL) (27 A4 ¥ #E 250 ul, 0.1
mol/L ¥ig 50 uL, ZEH K 680 uL, HifbF ~ 1 7 448505
g, WERERMEYE & | C 10mg/mL 2-7 1,3 — )l 20 uL
BLUFERRT T )L 10000l 2Nz, »<IZARK (5112
F3 v ATSH0, —~ WA LFEEEME) #HVTHL
C5RED L, 1460g, 10745, 25 C DS Tty L
7o BRIV %, BOKEEERS ) v A8 1g 2 AT
Lt 77 2R BREICER D, 10 2 ffiE R, 2mL N1 7
JUil (Thermo scientific #L#2) 12F L 7.

4. BREFAENBREEIEORR

AT AEERE 2 Vv, 12me/mL BEEAZ M A 2
L7z et 7 A BRI 12K 920, 910 3 &£ U8 890 uL
2|, 12mg/mL FEEREREER 2 2021 10, 20 BL W
A0uL N2 72, BURHEOFETNES L 7225\ [EER I $0
L7z, SO OBBEEMEEGILT A 38 250 uL H Ok
BRERE & LT, 480, 960 B L 1920 pg/mL I1ZHIH T 5.
nB, FEEOT A EEHIEICBWTIE, BEFE 480 ng/mL
REO— I & ) EE L7z

5. T4 X AOEFEERMERGER

7 A a3 (WL RLR2) I22&, SEHROFHHETIH
2BV, ZEK630uL DA, 250 ul % 480 ug/mL Hifk
RIS SR 2 oW 2 AR L, Ao mMmbERELY
11o7z.

6. GCHRIC& ZEEEBIE

HAZu~ h75 7 (GC3B3B), +— b 7T — (ASI-
240), Ef S F 2 InertCap WAX-HT (0.25mm i.d.% 30
m, df=50um, WFNH I — TV A T ARE) #
TGCoaHraiTo7z. BFHEAZIE UL (A7 v M
1:10), Fx U THAEANY 7 A% FiE 1.4mL/ 5 T
L7z EALREB X Rt s 33z 240C & L, #
7177 a0k, 40C % 10 0 PRErfk, 16C/4 T LA,
220CITE L 72 A2 BAG L7, UM 40T &% o
THH 10 5D R L7225, ROMEEIT- 72, Mibd
GKRFERA T g (FID) 2fEHL, 19427 )V%
40 43k L7z, WEHZ O T — & WLELIZ 1E Chromato-PRO
(FU ALY AY VALY #AEHL72.

7. HPLC%IC & 2 EEEREIE

HPLC #:12 & AFERREIE L, GLILHEERRREY 1~ 22 3
BB L OEE 2 3B, ESLE 6 HEHIOWT, KA M T
2 pH BE LRSS EMRIEEY 2L D1To7. BT 41
Shim-pack SCR-102H (300mm X 8 mm LD., & dt#/EfrH:
#), BEIMIL S5mmol/L p- bV I v Ak v RIKIE,
#3100 pmol/L EDTA B & U 20 mmol/L Bis-Tris
%4t 5mmol/L p- M VT v AV Ak VKA & BV 7
AEHEE L RE (9170g,545) RIEEIKT 20 REICARR L,
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8. KETKBEEREICL HERAE
IKFZRR S X B IR O AT, G ALl E =2
AL A 2 19 H A v, REEY IS LA o7z BUR 10
mL Z KA %, Bk 100mL 2 &), 72/ -7
¥ LA R E A, 0.1mol/L KERILF + 1) 7 A
W THEE L7,

Wine sample (R1)
461 pg/ml.
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Fig.1 Typical chromatograms of wine sample, standard
and blank

Ethyl acetate as solvent front, and 2-Propanol as internal
standard are observed all chromatograms, while Ethanol is
detected from only wine sample.
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9. #HEHNIE
AEETALER 2 1E Prism 6 (Graph Pad Software %) % A
Wz,

X B # R

1. ErERRER

GCHIEICL s> THBN/z7u~x N7 T4 (Figl) @
V— 7 & HRBEF N ZRIC oW TNEEEY E TH 5
-7/ —vEplke by, MmEREER L (Fig2).
¥— 27 @B X OHREATTIZ B W T BRI LBIBRAT R &
i, MBREIZ E 120999 & E <, pfEIX 0.0001 LT T
o7z ERFPHIE TR 100 ug/mL (S/N=25)~ F R
1920 ug/mL TH o7z, LIBEOMEIZ LT 2 v 7z

2. EFERARINENRE S LU FERHFRM

FERRIREDR VT A~ (W), FREEORT A~ (RD)
BILUOEEEORT A Y (R2) =#fHL, FNZFN 480
ug/mL OFEME Z R L 725tk & & 12 GC #llE L 72
(Tablel). 2ok &, 1HHIZDE 3 O0EIERE %2
L CHIE 24T o 72, @MENRER I 98~102%, FFHMEIE

Table 1 Recovery and reproducibility of acetic acid
measured in wine samples by GC method

Wine sample ,SPiked Found  RSD (%) Recovery
Ple (lg/mL)  (ug/mL)  (n=3) %)
Wl 0 254 4.4 _
480 730 2.7 101
R1 0 471 2.1 _
R2 0 756 3.5 _
480 1236 4.3 102

Data represent mean of three independent runs.
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Data represent mean=SD (7=3). Both calibration curves show highly significant correlation (r=0.999, »<0.0001).

Acetic acid as in wine sample (ug/mL)

Fig. 2 Calibration curves using peak area and height values
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O: White wine
®: Red wine
At Rosé wine
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Fig. 3 Correlation between the concentrations of acetic acid measured by HPLC and GC
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Fig. 4 Correlation between the concentrations of volatile acid and acetic acid measured by distilled-titration

and GC, respectively

RSD 2.1~44% &, L bIZBIFTH -7,

3. HPLC & & DO1EE

Gl AR EREAE % V) 72 22 B & OVEIPIRE 2 F, =YV e
6HEDT A YEFIIOWT, SEO GC H:IZ L B lEl &
HPLC #:12 X 22 (& b2 1EE) & oM %R~
7z (Fig.3). —®wmliastid Y=1.202X+29.93 TH v, +HE
%5013 0987, p fiiid 0.0001 LLT &, A% 7 MBI BRI AR AR
OBz,

4. FKEBMEEEEDIHEE

Gl #UiE % % 7zl e 7 4 > 19 3k o> GC il & il
& NEFICIRESN TV B BIERIC X W illE L7-E
(D21 EE) & OB Z A7 (Fig 4). —&kEDFE
& Y=1252X-1466 T& O, HBREIE 0974, p 1
0.0001 LLF &, AEZMAMBGRERL.

% %=

TA Y OERHICBE LT, HEREEOLTA
DEE DOFEZ S OWE DA 2 FiETIThLTE 72
AREFFEIZ BT L, FERE T VI ORET I2JeBRT, 2440,
GC ~NEF7E AT 5 Direct Injection %7 %, —MxAyIZy ~
NOBEOHWTHPFENL TN &2INZ, —30CT1
B sk 828571 M vikEE L7z, Lo L, Direct
Injection {2 BWTIE, FEEE Y — 7 D3RS 2 HR)
A RO NEE LIMENTE ah ol —F, BTk
YEIIBWTH, HAREOWEEE IR ONZb 00,
HPLC # & OMEIE r=0359 L& EmiE L L CORME
WElpotz. A7) IVDTIT VxRN T AEA
CNOIREME T DA A, T T A~ OBERR O
HOAPEEER EZ 2 bhiz.
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WEfg =7 VI 2 M3 T 12 h 72 Y, HALF b U v A,
MEKBEEEF N V) v 4, 0.1mol/L ¥ifg % Nz 2 ¥ EZBLY
A7z $EALF b ZFERAIRRRIC T A &2 X D BT
SR CTHEM ORI EE LiFs b, vV arE
B TELY EERC 2-F a8 — )b L BEER Ol R A3
KL7z WABREET b U 7 2R T VI IR T 5K
BHERGZBR0IEMATBYY, &7k b vECchE
ETp o TWRBIE DY) v IV ANOWAE bR E s
L7z, F72, BR®BRIETI v Py 2ix, Salligps
BHLIET, T30V XxDEVDERHEMICH S EH
T&72. 0.1mol/L ¥ilgix, 74 > @ pH I LEREL & A
TV RICEAE T D HENE (BRHEES48) %, 74 v BHHEO
pH IZHEA ENTHEFEIC pH<2 £ T2 2 & TESM &R
THLEOIIMATZLDTH S, WA 22N O
WX D IR EE S L, B M & R (Table
D) 12z, HPLC &8 L O e L ORI A =
B (Fig.3,4) 25RO LNE L)k o7z ek, — W,
R Z BT 5 720 R DSV 55 03,
RO REMZ 2L A, HAHEOKE & EEE O H
WA L EEGIOTE R Y, o, mEREORED
HIVRONLhoT720, MA kW e Lz ZhE
TABAZ L D 20 FEHOIRT A > 3F ol E % 71 60 [ L
AT TE D, W ENOZEIED SN o 72,
2 L7, MM S5 2 L THEERhEERD N BT A 2
&, BLOTEMWRIC L 2OREEREDPAELTH L Z LI,
KFRICBWCTE LN MR TH S, HEEEDMH
I, 2GRN L TR AR EASKD 515 fil
GRRERIZBOTHICEETH .

T4 HAETORERE R ERET A, HEMLE
= BmENENE O COREREZ2To/2 &, ¥—2
EHALEMLMEOHA, HEET AW EE ) EL 2
B -7z, ZAud, WEREEYE 2-7 1% ) — LA}
FEERIAS, T4 YHICREICHEET ALY /=L ERENT
ET, LDHBICH - BEEEr I niiorE
ZHNz EE 2-7as8 ) — )V E BGOSR
HE, MEEE DEIZFZEAERL ot 2-70/8 ) —
MET A YHIZIEBERICHFE L WY ETH Y, GC % 1f
ALz s 7 = )VIIEDREREIZB T H NEEHE R &
LTHWwHENTWDY

R GCIZ X AHGHEEICB W TIE—ARERZ R L
TWwh, I, GlibidE ORI b 2 55 1500
pg/mL #MEFEIZIHEETE 5 1000 ug/mL # i S EICE
FAREMEICIREL TWA I &, BXO3 SiEfoEE
#HPHIC b P RERE (Fig 2), BFa2mEs L0
INENREE (Tablel) AFERETE CTWA 2 kighnz, Fik
EZ B2 B AEEICLAHNETET L7290, LD
AR AEREPEONL L E2ELLZbOTHS. L
o T, X0 IEMERIEMEY RO 284613, 3 ABEfio

fEHAE T L,

AR GC #:& HPLC #: (Fig. 4) B X OAEEOHRF R LD
(Fig.5) L OMICIIEELMED RO SN2b 00, [lYE
KOBEEART LI1Z, GCEICLAHEMBIZNLDOF
FICHARTREMNICEE L 2 5 EAICH > 72, HPLC %0
RIALEI AR O A CTH 575, GC P ClafkEE— F vt %
fToTWA I EPMEMICEETGZ T EEZLN
L. EE FERIFLVTIT U IICBNTY, bIhRrb
FERE Y — 7 DHERR S NTB Y, HIED 2 W IIMEFEBRBEH R
DO—EmDOFERBEAD T RREARIZ SN TS, —T, &
BIMEEIIOWTIE, KEKEHOBRIZBIT 2 —EDHE
K&, WEROEBDERGEICREL, FRICRREET
BHIBD S A b kol b EZONL, 7272, GCEHEMR
fiinFiE L 0 B E R TENICH D &1L, Amicdk
SOfiGMERE L CEIT 512575 T, BBtz iHsE
IHET D LB L LEROND.

INFETGLALMRE DR % 21 727 4~ OIS =X
100 pug/mL #EDO L D5 1000ug/mL 282 5D F
TheA TH o7z, TNREHEHELZEOT 1 12BN T
LFEMEME I KIE R &SRO O TWwE 2 b LIl
OO g R WERRIC K B H SIS AT O R EE AT
FEZHE 2 T AT EPIZB W T RBEOERF RS,
ZIUHE BRI E O #FIZ L D A > TETWD, R
IEERREC X BRI Tla e, BAERRERILERE IS X
DEBREINDZ LD, TRORAERLEL M L 2% g
WICBWTIE, FERBENES 22V AIPFEELEH™
7, Ty = ViEAETH) BERETH S Saccharomyces
cerevisinze DIEWEZ L A EIEW & L CHREREIZI SN TEH
DO HRICEREE R T CRBESTTONL ZLIZL ST, £
F|IZERSNSL Z LDV o TV AP ENIZBWTY
IV 2 4 TS, 7T RYOMEE FIFTodbN
LHTAARATAYEEINTEBY), EBIZZHLETAA
AV TUERRREN S R AEIICH L. 2o k92l
HEZ L COEEMICS, T4 F) =T LA BT
TAUOREESINTED, FEBIEREICR L) A7 D
Bl pnWZERs, WEEHE L CHEMEICERTRES =
ST LUERLEEF > TCETCN L,

Db, RGCHIZ, KA T A4 v OFEFRIRE * 2Bk
ZBWTHBEICHETRETH L Z EnD, GLEEFEICE
FAEAMERELE LT, HH5VIIHA LA A VDT A~
KT A REEHED 1 DL LCHELAETFETHLEE L
b5Ns.

= #

FEfE = Vil E W72 GC I X 57 1 v R O E i
Tk tmat L7z, T oRER, BEEREEE 254~756 ng/mL @
Hx O T A4 2BV, M (RSD2.1~44%) B
KO ELE (98~102%) & DICRIfF iR E R Lz K
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