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Detailed study on the extraction of acetic acid from ginger preparations
and determination of the extracted acetic acid with HPLC

Yoshikazu SAITO*, Ayako MATSUSHIMA**, Tomoki OTA**, and Tetsuya AKASAKI**
*Hakodate Customs Laboratory
24-4, Kaigan-cho, Hakodate, Hokkaido 040-8561 Japan
**Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In this study, the efficiencies in extracting acetic acid from ginger preparations under various conditions were investigated,

and the condition of a HPLC method for determining the extracted acetic acid was optimized. Chromatographic separation was

carried out in a polar endcapped ODS column, Synergi 4u Hydro-RP 80A 250 x 4.6 mm (phenomenex) at 40°C, with mobile

phase composition of 20 mM potassium dihydrogenphosphate / 85% phosphoric acid = 1000 / 0.6, at a flow rate of 0.7 ml/min.

The analytical condition in which acrylic acid was used as an internal standard was most suitable for the examined samples. In

this condition, extracting by the four methods of leaving to stand, shaking, heating and ultrasonication was examined,;

extracting by slowly shaking for one hour at room temperature was found to be the most useful among these methods. Using

this extracting method, validation for quantitative analysis of acetic acid with a recovery test was carried out. The generated

calibration curve showed good linearity (R2 > 0.9999) in the range of 0.05-1.0% acetic acid content. When determining

samples to which 0.5% acetic acid was added, the recovery varied from 97.7 to 98.6% (mean 98.6%, N = 6) and the

repeatability was 0.4% (RSD, degree of freedom = 5).
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TI kL RO L X O BORERHE, 7— K etk
=AW TSVTIRIZR D ETHELIZH D 84 gz,
b FU 78159 RO 2 ABE—/KFi¥ 1g 22 TR
BL=bD,

FgEsEl - A X F95 mm MK L2 HTIROAREL X 5
23415009 &, 2| OFEEE & etk (Filz 6.009/, < 2
ABE—KFa4 10.00 g/l, HifkJ kU & 4 180.00 g/) (IS
AATES DEBIZ 1 G4 FEARD ANEZ &21T o T2,
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BEAT O ABRTEENR « 0 ABR_KFEDL Y 7 L2739 ITHIKE
MZ T, LHZER LIKEEKR (20mM 0 ABE—KEH Y ¥
LAKERIR) 1T, 0 ABE 600 ul ZERIML7ZH 0

WIATSINH O ABRTEEE ©  ABR _KFES Y 7 4273 g IHik
ZMA T, 100 mHZER L7-KEAE#K (200 mM 9 Al K
FH Y T AKER) 2. 0 AUl 600 ul ZERINLTZH 0

FERAATE HEVAIR « BERE 0.25 g % IEMELCFR R L, #i/Kk T 200 mlHIZE
ALIZbHD

PASHEIRE : 72 VL2 0.25 g & IERECHRE L, HliZk T 100 ml
WCERELIZLD
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AKT200mlZERLTZED
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2.2 HPLC
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HPLC  : LC-2000 Plus series (HA3)
717 2 i Synergi 4u Hydro-RP 80A, 250 X 4.6mm (phenomenex)
JI— K717 2 @ Synergi 4u Hydro-RP 80A, 4 X 3.0mm
(phenomenex)
s - SRR (R 220 nm)
717 KR 22°C

BEFE  20mM D AERTIOKFED Y U AAKIAIRIZ Y ABEE N Z
TPpH27IZHHFEE L= D

Vi : 0.7 ml/min

EARE 20p

fi#trY 7 k : JASCO-BORWIN Version 1.50
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221 DFENL, LTOHEBIZOWTERE L LD
ML SN (B ¢ 210 nm)

HT7 AR 40°C
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221 OFMT, L X 9 BHHIE & U 0.25 mg/ml FEER/KIAIR &
HWEL, 7~ 77 2ELTE,

Lo SR, 7— et o —CHiE Lz AREL X 9
KI5 g & 200ml 2 =A /L B —h—(Z& Y BV | 9 100 ml Dk
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g —a=y b CGREEERE) 2AWCAiRT 252 & Tk,
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T—R7at oy —THF LA L X D259 % 200 ml =
=N E—=H—IZRYEY ., K50 ml OHKEMZZHD% 4K
IRYUE U7z, 2 NEHUTERTZ A < Al A TRKER O B R 2 BiiA By
~T5, 10, 15, 20 ml $°201%, HITHIAKZ M 2 THAIK R 2K
100ml & L7t LRI E 5 Lz,
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I & P 2SMEH LR (220nm) K O0210nm T, 7— R
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AR O BIREBHIAE Xy N T& 15 ml$7o0n%, SISHiAKZM
Z TR EEFR 100ml & L, LIRS 5 L2k E 71—~V
o DHLFR L 7= & 0 KUY 0.25 mg/ml B KIS ZRIE L., 551
Teru< NI LaEWKR LT, £, Eio 2 FBEHOBERICBT
LENENOFFED ©— 27 O SIN % kil U7=, SIN L OB H I,
LEEIATRORNT Y 7 N OREE W7o 72,
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221 ORRSINTIHEP SRR Z 210 nm 2, 4 7 ARE
% A0CIZEW L=tk T, 23.1Q) & Atk DMiEZEL, Lk D
DR & B DA MR LT, FT-PEELERET 578
(2. #9025 mg/ml Z 1% < BEKEAIR. #9 6.25 pgiml 727 U VERKEE
%, #9705 mg/ml A k% > FERE K O 0.5 mg/ml = b % S FERR % [F]
CLMCRIE L. L X 5 28 Bk sy K OWERE & 0 5 BlEa fead Lz,
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20 mM V) AUl KT ) T AOKERR 1112 500, 550, 600 K Of
650 pl D Y AFRE I L7 BEHHE (pH2.61-2.73) Z i L7z, 2.2.1
DIREINT=FEP SR EZ 210 nm 2, 4 7 ARE% 40°C
WCEE L, TN ENOBEIEZ V=T, 2.3103) & Aok
U 6.25 pg/ml 7 27 U VEBAKIEIRZJIE L, Fohics rn~
N AEHE LT,
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#9°0.25 mo/ml FERR/KIATR. #9 6.25 pg/ml 7 7 U VR KYETR. #9
0.25 mg/ml FLEE/K IR, %9 0.05 mg/ml A BRIV, #9 0.1 mg/ml

A TR, #9 0.1 mgiml < 2 ABRKIRIE 7 2.2.2 DEHRET
HEL, Bbhizru~ /I Lk HLE,
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222 DHHVEICBNT, I T LREE 38, 40 LM 41°C L 2L
SHT, TNTNOEMET 23.1(06) & FEOMIE R U%) 0.1 mg/ml
K ZABAKEHEEIEL, Bbhirsua~ NI LE LR LT,
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2.1.3 OFFFAFEAERR 10 ml K ONWAEHEERIR 5 ml & AR — /L B Xy
FTL0MIFEAATFZAAZEYEY K CTER LT bDER
B U7z, FEHREZRERTLER 7 — MY v DIC@iR L, IR
ml 251 ml oM URIKE Lz, ThZhomiiz 222 0
BrHUEOSAEC 3 ETORIE L., FEER/PFEHED ' — 7 EfE L O
BaRDIZ, H— b v DML TOARWERERS RIRRICHIE L,
BFoNTZE— 7 WL OFHEE RDT-, 2 b — 7 mifft
EHEEL, — Y v U D OBRHENRERRIC T T EL
T,

F72. 211 D75 7 EEHZOWT, FD 59 KT 259 % 200
ml Fa=H = —IH&ICEY Y FREITHIKZ R
50 ml il 724, K7z AAE< A AL O B R Z R ICIE 15 ml§°
O, BEIIL 7.5 ml TR L 7=, FISHIK &0 2 TR % %9 100
mlh &L, LIRIE L 595 2 & itk a 157-, Shitiks 7 —
MU DB L, B E Lml 355 L THRiikE Lz, 55
TRIED I B, H—1FY v U LIEHLERID 1 ml ZFRE,
222 DFBUWEORMETHEL TK 7 u~ N T 2EHT-, RLE
T, AR OFHE K ONEEEL SRR EE L, V—FY >
CIEHIEROFSE DO 7 v~ b 7T L2 L, B OWEED
HEICEEE FIFT L X 5 A HRA O O M4 fEiR LT,
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TR E259 % 200mI BRI = H L E— IR Y,
2.1.3 OFFEEMERZ 10 ml, HiKZ#7 50 ml, BRI AL Al AR
OB k% ENEINTE ml L OWIEERRZ 5 mEnL, &
O A B2\ Z 100ml & 7225 X o Ichkz izt 0% 1
REfR & 5 L7, ootttz 7 — b Y o DB L B
DIBEYIO2m Z10m BEA ALY A —Tal& - JEEEL, K

D05ml 2 A T NLOEREBLIZEY RS- b DMK E LT,

2.22 DFHNEO LT 1 I & I2H 8 ERE L, MAGREE O

IR T X D RS PN YE D & — 7 TG L D2 b 2 T,
F7o, EEEREREIC L TEE T — MY DUEEDO L O 2 ik
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2.1.2 OFFERERER 1, 2, 5, 10, 15 K20 ml Z AR —/L e
v FTENENI0 MIBFAATTAIZEYVERY, EIZ2120
WHEHEZSIR 5 ml 2R — L By R TIRINL, Mk CER L= D
25905 ml Fo/31 TIUZE L, 2.1.3 ORIEERMNA O A BEREEIK
Z 100 Pl TN L7= b OBEf ik & Lz,

FNENOWEE, 2.2.2 OFHUEDOLRMT 3 BT SHE LT,
Bon-ra~ 7T ANERD-HIERINIERED ©— 7 HfEkt
DOELIE & TR OB & RO BRI OMRE T 7y R L,
BN TR L BT RIRER 2 FEE R ORERE LT, B
LA R L 7=,
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7T @ B R T —E TR, B TR ONTZIRIRSr 25
%200 ml 2=k E—A—IZEVEY ., 2.1.3 OFFBEER % 10
ml, #li7K %% 50 ml, BR7z AE < H AR KL OB k& E 24 7.5 ml
F OV R IR % 5 ml SN L, B gsORER A B 2\ 2R R % 100 ml
LD LUK EIMZRA LIz bOZiEE Lz, RAEEZ, R’
A% 1, 2, 3 KO 4 BRI ICER <RV IREC 5 ml 3245 H L
Too ML T2k % 10— R U DAER L IR D 5 BHIcw)od 2 mi
ZIOMIBEARLY U F—CibE - BEEL, RO 05 ml Z3A T
IVORERZE BZICEYEY . 2.1.3 ORI Y ABEIEE K %
100 pl N L7z (EHNR Gy BXCARE OB EOBEZ | LUF Cldik
L T2) bOEMIEE LT, 222 OFBEOSRAETHEL,
FHE RS & D WERRINASYED v — 7 TR D2 b 2 R T

F7o. FRREFRREDSMT A REIIRE 5 L TR LN RIRIZ DN
T, IR O RFHNT & 2 BRI/ HED v — 7 Ttk D& L& R~ T,
2.3.5(2)

2.3.5(1) & [FAARIC AR RS A I 2 IRE L THE b Lo ikikIc
DWT, 15 RHIEETE I TSN CIRT IR S O L, IRATHESE,
R OREERIBE T T5, 10 ROV 15 45RR & 5 L=flitig %z 5 ml
PN LTz, LI E I — R U > DOERE, MR L
TEbDIZONT, 222 DFEMATRIEL, BEREE S RRICED
FERRINEEHED v — o AL D b A TR~ T,
2.3.5(3)

2.35(1) & [FIFRIC LT b Lok %, 30, 40, 60 X U* 80CD
KEH T30 L LFHIFFE L2 DD—%& 1 — U » JALER
%, BRIRTHIL L7 b 0% 2.2.2 DM CHIE L, MBIFOMEEIC X
B EERRINIEHED B — 7 RS OB L & T~ T2,

F72, 2.1.3 OFFLEYER 10 ml & OPEEHEER 5 ml & A— L e
Ry FT200ml BT =D E—H—IZ8Y B | ik THI 100 ml
L LTERIEZ Ry b AX — T — TR L7223 SR L7z,
TRIEAY 20, 30, 40, 50, 60, 70, 80°C & 7g o =KHI/ T D/ A
TINTHEL, FNENE 222 DEUETHET S Z LICLY ., ik
T & 2 ERINEE O ©— 7 TR 02 b2 <7,
2.3.5(4)

211 OEFEEREIEZ 7 — 7 ekt vy =T AR B ET



54 U & 9 2SR 0> b OFERR O i 71 R Ot L7c B O @dikik 7 n< b 77 7 ¢ =12 X D EH O

SAVITHELIZ L D% 200 ml BEa =S e —h—IZ 2.5 g FEH
L. #950 ml OMKZMZ THMS EI-t%, BR7CAE <A A TRK
WBiR%E 7.5 ml T OBHA B~y N C, PNIEAERS ml 2 F-—L e
Ny N THNZ, BEOEEMAE B2k E% 100ml & Lck, e
DT L TRA T b 0% 2 RpfifE LT, 3k O Befe & il
L7z, SEBAAE %I ONT 0.5, 1, 1.5 KON 2 Refi@ e Z il Hva
W sml 208U, ZNEnET— N v D0EE . BRI
BLT-b D% 222 OFMETHE L, BHEMNETED &' — 7 Hifik
2T, ZOFEBRIT 3 [EE Y IR LFERM LT,

£z, 211 ORI E 7 — R rt v =T/ UL 7RI D
FTERAVITHFELIZ b D% 200 M B =HLE—T—(225 g
FEFEL. %950 ml DMK Z M S B2tk BRIz AX <Al AR
KB % 7.5ml T 2BA E~Ly N THlx , KA % HRIC
WEZ 75 ml & L7zbDZ 9MELEEL, Zihbz 3MiET >3
T N—FIH3F, 05, 1 KON 15 BEREECICIRE 5 LT, wlEt
MO Z I U7z, R & D HRICPAERER Sml 28—y k
TINZ., BREROERE B2k E N ClEs 100ml & L, 7
— MU v VLB AT L2 b 0% 222 OFETHIE L., B
FRINEEAED v — 7 RS 2 157,

2.34 LEEEDOFIETH O NI B L O LR oA#E R 2 &K,
i, TR 2 S B SRz kER GREF P ORGSR &
R UTe, $£72, 2,11 OBHEERBIO IR T LTV D IR,
EIAA TV DK TRAICER I TRY . WE OB E A HIX
LELWEREL, RO EEROBBLEOME LT, 7
L9 2) ZUTORNCTRE L, AizhEA2#mE 5RO
L7,

AUBH T EBR S A SR (%) = HK DR E AR (%) X
(100 - B O ARIEMERETE 53 (%))

B, WKOEEEAHEIT, HAK259%200ml 2 =41
—H—IFEFE L, 50 ml OFIKEINZ B S, BRIz AL
<HIAWEMOBIRE 7.5 ml T OBHAE A~y N T, PAZAER 5 ml
ZR— ey T, B O % B2\ CikE% 100ml & L
T2 OO—EESER L, 71— Y v VW%, BRI L-b o
% 222 DEMTHET L Z LICk v,

F77, BB OREVERETE S 1%, AOAC Official Method 911.029
WHE > TR,
2.3.5(5)

21107573k 259 % 200ml R =H LB —H—|2 &Y
B0, 2.1.2 OFFFERERKE 10 ml 28—y R TIHRML,
50 ml DK &M Z 53 S BTz, BRIz AT <Al AR OB iK% 7.5
ml oM%K EINZ THREGOIEMRE BRI wEE 75ml & L
b0, 1 FEERECICIRE 5 L CHEB A Lz, iRE 5%
WCNEEHERR S ml Z2 AR — /L Xy hTHX , Bas DR %2 B 2
KEMZ TREZ 100 ml & L, Z2O—f%& T — F U v D0,
MRIEFR L7 b D% 222 OFRMATHIE L, FERRINIEED E—2
g & 1572, AE T 6 mi Y IR L3R L7z,

2.3.4 LRIBRICVERL LT-RREMZ IV CL 6 [E MR OBk &
AREAZREH L, FMENLER, ZOFHE K O ORI FE %

ko, TERIERED R 24T > 72,

3.1
3.1.1

B S V1%, 221 OEMT, FEEOE—2 &L X 9 DBEEDOR
BFOE—I BRMECED EWMELTWDHA, SEMEALAEZL X9
DREICHIE, oo —2 %28, W Shiz X o 20
HHTZLNTER->7 (Fig 1), £/, ML ER D E—
VW Z., BEEE ORI & TIUT EED RN E— 7 3%  FlER
Eh. BT NBESLHEEIFMK & WV o 3B ORI OEED
A CIIHHR 2 BRI T 2 0N B Sz, Lo T, Wk
RTALERIC 1 BB L R it 2 2 & & LT,

3.1.2

TP BE SR /K IR S QKBRS U 7 SOKTRTR & P T2 BR 72 A
< BEROWA A v ZHARHE ~DOBMIRIC L > T, O —7 &
DL L O PHEERSBERESND Z En RSN (Figl),
ZOBRIE, B LIEBRE AL FloiRina (5-20ml) &3xT
TheER STz, Fio, MMROEESHRICHER SNz 0ix, B
T2 AEL A% 156 UL 20 ml F oM 72 ChH - 7=,

s, BRI-AELSAIZZ<INZ D & REOEOTSHA 4> H 5
WEIANY U AL F U PR PIC S FET D2 L &0 . ok
ATALBRA 7 — N U DICHHE S TG A A o 2Z st iE 23 i L <o
FTLRD1=D WDV GTRRNEEZBNLD,

Lo T BREZAMEL FORNENT, I DOBREERR LY, 7
OIEIRPHER SN RO O b, FADTHD 15 ml 20U
D, MRS LIS ClIR b AR & HIl L. LA OEBRICER T LTz,

€—— acetic acid

interfering peak
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Fig.1 Chromatograms of a: acetic acid solution, b: fresh ginger extract, and c:
fresh ginger extract deproteinized by adding 15 ml of 20 g/l zinc sulfate
heptahydrate solution and 18 g/l barium hydroxide octahydrate solution per 5
g of ginger sample and treated with a sample preparation cartridge
(TOYOPAK IC-SP M, TOSOH), obtained under the following conditions:
Synergi 4p Hydro-RP 80A 250 x 4.6 mm (phenomenex) at 22°C, with mobile
phase of 20 mM potassium dihydrogenphosphate after adjusting its pH to 2.7
with phosphoric acid, flow rate of 0.7 ml/min and detected with UV (220
nm).
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FERE % SE54 0 ek TR T B BT KGR Cd 5 210 nm
ZRNDORREIE D, SIS VE, N—R T A ORERN
PMER AT DIRHEE 2 TP 5 2 & 28 L, 220 nm & B4R
LTz, —J7, ABFETIE, BRZAES BRI 5 2 & T
MR MBRE SN2 L 20D, 210 nm &38R LT H 437 N—2A
T A v DREMK OFERE & KMy & OB fes Sz, £z,
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R ERT D L2 MR LT, Lo CUBMOERTITHER RS
20nm £ 52 L kLT,
3.14
B 52130 T MEEE 22°CICREL TR Y RIRIC k> T
BT D HEEE 2 A L2V HPLC TIXER TE AW Th o7
D, REBRTIE, BREAESEA— R o PRBIZEY, LY—
972 T MRESIETH S 40C TS, L X 9 DSHRESY & Bk
SR FIRETH D 2 & MR S Tz,
Fiz, PR UTRT LIeEWE OSBESEIZ W TIE, LR
DY Th o7,
A NRUWEE 0 L X O A HRECGY & OSBRSS TE o T,
= R UFERE - L X O DSHSERRS & O BER X RTRE T H D 3,
PREFRER DN 25 Ay E o Tz,
I 2Lk D DRy & BERR T FTRE Th 2 8,
Bri- AE S BMREIC L D BRE SN D Z LR S T2,
T VA Lk O DBHREG & SRR TH D R
FFIRERH] & 18 2 CL R AT SEBMEDS BT R b e hr o 7,
PLEL Y., DIBEOERTIEN T LARES 40CE L, NIELEYE
ELTCT 7 UMMBERATHZ L & L,
71T NRJE A0°COLMETHRIE L= L X 5 A5k, Wik L Ot
et L7 iRl 0 7 n~ k7T L% Fig. 2 12739,

BT oA, B

[FS)
(=)
O

12 15 18 21 24

time(min)

Fig.2 Chromatograms of a: fresh ginger extract (deproteinized), b: acetic acid
solution, ¢c: methoxy acetic acid solution, d: succinic acid, e: acrylic acid and
f: ethoxy acetic acid, obtained under the same conditions as in Fig. 1 except
the detection wave-length was 210 nm and the column temperature was
40°C.

®SE 55
3.15
R 5 P 1x, 20mM D ABETKED Y T BAKIEIRICDRED Y A

Wz % T pH % 2.7 \ZFHET 2 T2 A L T2 —F >
I EBB L, pHHEAWTICBEIRAFHR X2 X512, VA
BEDOWINEA TO/EET S = L a2 Hat Lz, FE0o pH I
FRERANEYIZ 20 mM VD ABR T UKED U T LKIEIR 11 120X,
550-600 wl O Y AFEEETSH Z EAVHIB LTz, REBRTIE
20 MM Y Al —KFEH U 7 AKIER L LICENT 2 0 AfBOEE
500, 550, 600 &% TX650 pl TZAL ST, 7~ b7 T ATk
ERBTR SN o Tz, e, Z OO pH O#EH I 2.61-2.73
ThoT,

50 Wl BREDIRIMEORRELZ TR TE L2 0IX. IWNT50 A
R DAED IR FHERRAE PRSI Ty I =S b D LB x|
LIBEDEBRTIZ 20 MM W AR KFEA U 7 KRR 111D X
600l DV ABEERILT- b DEBERI L +T5 2 & & L,
3.1.6

INE TORMGHERN DG DT 2.2.2 OFRNEDOSSE (I T L
IREE40°C, BEHH: 20 mM 0 ABRKSE H U T LOKIEIEIY AR
=1000/0.6 (=pH2.7), M KE:210nm) T, FEEEK OWEERE (7
7 UNVEE) DS, BRICEENDIRENRAEIBETH LA, HA
g, DATIHBEOK 2 ABRE SRR SN D Z LR ST
(Fig.3)s ZAUT LD, RFFETHRET L2 L X 5 B3RS LSMT
b, AL CTH DM CICHIEATE DA REEAE VN &
DRENT, —HT, L;amuﬂﬁﬁﬂﬁ P Y Wl e
WTIEARFZE TIIMRE L Wiz, Zoniigit 2z oo
BB e Ry h = %w_#m&ﬁﬁﬂﬁgf%éo
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Fig.3 Chromatograms of acetic acid, acrylic acid, tartaric acid, lactic acid and
citric acid, obtained under the same conditions as in Fig. 2 except mobile
phase: 20 mM potassium dihydrogenphosphate / 85% phosphoric acid =
1000/ 0.6 (pH 2.7).
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Table 1 Changes in the acetic acid / acrylic acid peaks ratio against the elusion
volume from an ion-exchange cartridge.

fractions recovery(%)
0-1ml 106.8
1-2ml 100.1
2-3ml 100.2
3-4ml 100.1
4-5ml 99.8
5-6 ml 100.3
6-7 ml 99.9

Recovery (%) indicates the percentages of the acetic acid / acrylic acid
peaks ratio for sample fractions from an ion-exchange cartridge against
that of the original sample solution.

acrylic acid

acetic acid

interfering peak
(eluted)

3 5 7 9 1 13 15 17

time(min)

Fig.4 Chromatograms of a: extract of 2.5 g of salted ginger (containing 15% salt
and 1% citric acid) deproteinized by adding 7.5 ml each of two identical
solutions and treated in the same way as in Fig. 2, and collecting 2-3 ml of the
elution, b: extract prepared in the same way as "a" and collecting 4-5 ml of the
elution, and c: acetic acid and acrylic acid solution, obtained under the same
conditions as in Fig. 3.
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Fig.5 Effect of time elapsed after completion of sample preparation on acetic
acid / internal standard (acrylic acid) peak area ratio. The test portion was an
extract of salted ginger (containing 15% salt and 1% citric acid) with acetic
acid added, prepared in the same way as in Fig. 4 and collecting 2-2.5 ml of
elution and adding A: 100 pl of buffer solution, 200 mM potassium
dihydrogenphosphate / 85% phosphoric acid = 100 / 0.6, O: 50 pl, or [1:
nothing. HPLC conditions were the same as in Fig. 3. Each peak area ratio is
the percentage of that measured just after completion of sample preparation.
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Fig.6 Calibration curve for quantitative analysis of acetic acid, generated using
standard acetic acid solutions.
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Fig.7 Effect of extraction time on acetic acid / internal standard (acrylic acid)
peak area ratio. The test portion was a mixture of salted ginger juice obtained
by filtering salted ginger in the same way as in Fig. 4 and acetic acid solution,
prepared in the same way as in Fig. 4, and left to stand (O) or shaken ()
for 4 hours, and collecting of 2-2.5 ml of the elution from the sample
preparation cartridge in each hour and adding 100 . | of buffer as shown in
Fig. 5. HPLC conditions were the same as in Fig. 3. Each peak area ratio is
the percentage of that of the test portion obtained from the sample solution
before leaving to stand or shaking.
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Fig.8 Ultrasonication effects to sample solution, presented by the acetic acid /
internal standard (acrylic acid) peak area ratio. The test portion was the
solutions prepared in the same way as in Fig. 7, leaving to stand in ultrasonic
cleaner and measured in the same way as in Fig. 7. Each peak area ratio is
represented as the percentage against that of the test portion obtained from
the original sample solution.
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Fig.9 Effect of heating on acetic acid / internal standard (acrylic acid) peak area
ratio. The test portion was solutions prepared in the same way as in Fig. 7,
leaving to stand in a constant-temperature bath and measured in the same
way as in Fig. 7. Each peak area ratio is represented as the percentage against
that of the test portion obtained from the sample solution before heating.
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Fig.10 Effect of temperature that sample solution reached on acetic acid /
internal standard (acrylic acid) peak area ratio. Test portions were parted
from a standard acetic acid and acrylic acid solution on a hot plate when its
tempereture reached 20, 30, 40, 50, 60, 70, and measured in the same way as
in Fig. 7. Each peak area ratio is the percentage of that of the test portion
obtained from the sample solution at 20°C.
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Fig.11 Result of quantitative analysis of salted ginger containing acetic acid

(0.48%, estimated) for different times and techniques of extracting acetic acid,

/\: adding the internal standard first and leaving to stand for 0.5-2 hours, [1:
slowly shaking for 0.5-1.5 hours and adding the internal standard after
extracting acetic acid, and O: just mixing the sample solution after adding
the prepared reagents.
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Table 2 Results of recovery test for our developed quantitative analysis method
for acetic acid in salted ginger samples under the optimized conditions.

samples results
1 97.7
2 97.7
3 98.5
0,
recovery (%) 4 977
5 97.8
6 98.6
mean recovery (%) 98.0
repeatability (RSD, %) 0.4
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