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Quantitative analysis for acetic acid in ginger.

Tomihiro IGARASHI*, Risa NAKANISHI* and Takayuki KATAYAMA*
* Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Salted ginger or ginger preserved in brine is classified differently in the Customs Tariff Schedule depending on the acetic

acid content. In this study, we re-examined the quantitative analysis method for acetic acid using GC and HPLC which are

already reported in the Reports of The Central Customs Laboratory. In addition, we studied the acetic acid quantitative analysis

method using enzyme which is described in the international standardized methods and the post-column method which is

reported in the Reports of The Central Customs Laboratory. Then we compared the quantitative values obtained by these

methods including the HPLC and GC methods by their accuracy and precision and report the obtained results here.
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211 fZERHRARE

Eelig, 727 VMR, ZIE<KEE, -7 —, AZ ) —),
Wik MY oA, < 2AB—K BLE, &7 A 025k
3K (k) )

BRI KVATR « BFlE 15 g, LT Y U A 360 g KON 2 ABE—
KA 20g #EVEY, KT2kg TR LIZH D

HPLC {ER K OVR A N5 T NEFAFEERRAVAK : BHERE 300 mg %
BOEY, KTI00mLIZERLTZED
GC 1 FIEERRATAN « HEFZ 300 mg 2BV IRV, A ¥/ —L T

100 mL IZER LT b D

B RS VEREBAVA - BEER 100 mg 2 &0 BV, /KT 200 mL
WCEBLZLD

HPLC yEFAWNEERERR . Z1X<EE 1.0g 2=V BV, /KT 200 mL
WCERLIELD

GC IEHWNEERER : 104 ) —/300mg 2RV ERY, AX¥
J—C200mL IZERLTZHD

RA BT NERANEELER : 727 VAR 1.5g RV B, K
T200mL IZERLIZHD
21.3 HPLCZERARURR bh35 LERARE

AR, DABERTIKFEDY UL, DABKEZFT MY DAL
AKFd CLL, BL7A L AFOEMEE R, T uEeFE—LT
Jb— (BTB) (WMiEfbF (BR) ) EAEE (Fh 747227 (BRH )
HPLC {ERKORA b T WEREBER -  ABRZKEI D U
5286 g ZEVEY, U ER600 uL A%, 7K T 1000 mL (Z7E
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RANH T NERARIGHE : BTB 62.4 mg KOV ABRKE —F b
Vg s+ KR 537 g BV ERY, KT1000mL IZER LD
®
214 GCERAHRE

NUZAAaERE (TFA) (L7 A v SF0EHISE (E) 5Y)

0.1 %TFA V&% : TFA100 mg % A %/ —/L100 mL (Z¥EfiE L7=H D
215 BRERRE

F-kit Bl (roche ), ~FV-> 7 ¢k (D) BRA Y 7 L, Hilk
fgh-bAkFd (UL, BT AL ATOEMEE () &)

Carrez I A ~FH 7 V8 AD WA Y 7 A 3.6 g %7K 100 mL
VR LT b D

Carrez 343K B : FREEHSN LTI 7.2 g 27K 100 mL (VAR L7
Ho

22 # H

AL X 92 HRA

FEHEBUEL: R 2RIV T2 L X 9 2349 100 g %, BEBE KA 400 mL
(= (o R N

23 EBRUDWEH
231 HPLCERURR bH 3Lk
4L : HPLC (1260 Infinity I1] (Agilent Technologies ft)
558 Z L : Synergi 4u Hydro-RP 80A, 250 X 4.6 mm L.D., 4 um
(Phenomenex 1:54)
Ji— K47 A : Security Guard Cartridge C18, 4.0 X 3.0 mm LD.
(Phenomenex #1:fi)
Withas © 44— K7 LA Fithds
R - UV 210 nm (MK VIS 600 nm) (HPLC %)
VIS 440 nm (B E VIS 560 nm) (KA kT LK)
TREEIE - 30mM Y ABES U T MEEIVEIE pH2.6
FOGSHE : 0.1 mM BTB + 15 mM Y AEE/KFE =) b U o A pHS.S
(RA NI T AIE)
EEEGEE 0.6 mL/min
FOSIEEE : 0.6 mL/min (A kH T LIE)
FEAR 20 UL
717 KIRE 2 40 °C
232 GCi%
& : GC [7890B] (Agilent Technologies #1)
4yBfE 5 2 : HP-INNOWax, 30 mX0.25 mm LD., &/ 0.25 pm
(Agilent Technologies f1-#%)
RHER © KB A A AL R
TR #HREE : 300 °C
AR 1L
HEAFREE : 260 °C
27U 1001
17 A& : 0.75 mL/ min
XX UTHA A~V A
FZ LIRS 1 50 °C (0.5 min) - (50 °C / min) - 100 °C - (5°C/

min) - 150 °C
RA B :250°C, 3 min

233 EFRi%
RN AHRSTERE © V=660 (A A YY)
B E : UV 340 nm
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2411 KEKJEBOBHEDEEH

W2 1.0 g Z IEFEIC 500 mL &2 07 T A 2RV Y, 7K 100
mL X OME LT MY 540 g 2%, 5%38% 100 mLAEAAT T
A2k LT, v M= —THE L) H5KETEEET-
oo BOBARAT ZAaOEOHNIEEST LT LI, 5 FET
Zemi WMz -. 1 EEOR S KO 2 BEOBZITHOWTI,
KEMZTERLIZOL, FILEIS mL LU20 mL A —/LE
Ay NTHER100mL BARTZ 7 23|ZB LA, 1 BEIFEY)
W22 B HORO—HERB LI bOKR O3 EEG SEBXT
DEESYIZ HPLC ERAWNERMERERL 10 mL 2R —/L e~y M T,
KTERL, BIEICH Lz, F£72, HPLC A HERBATATR 5 mL,
10 mL, 15 mL, 20 mL %125 mL ZA—/L Bty F TEREN
100mL HEA A7 T A2 |Z& Y)Y, HPLC {EHMEBIEAERR 10 mL
ZIR—LEy NTMZT=0b, KEMZTERL, HMERIER
AoRELE LT, BIEICHE LT,
2412 FmEloEE

M LTZAL X523 10g ZIEREIC =47 7 A TE&VED, K
100 mL ZAWTHLT MY 7440 g 2 MZ72500mL A2 A7 5
Z 3B LANTZ. S5, HPLC IEFEEREIAIR 15 mL 7R
—VERy NCMZ, %% 500 mL BEAAT T AL LT, «
YRV = —TNEA LR G, BHBAAT T AADEDHY
BT D & TRBRRARE 21T 7=, B4\2 HPLC LN ETE S
%10 mL 24—y h Tz, KTEEL, WEICHL-.
F 7, AKFRKFRERNCIEARE 1g 2 500mL A2 A7 7 A2
72 b DIZONT b AR KETEE 21TV, B4 I2 HPLC AN
HREMER 10 mL 2R — /LBy hTINZ, KTERL, BIEICH
L7z, &7z, 2411 L RARICHRERZ B LTz,
2413 ZEBBAJ|RUMEAEHO®EE

Pt UT- ARk 10 ¢ ZEREIC=AT7 7 A&V EY, K
100 mL 2 AW THE{bF b Y 7 440 g K OVERER 1 g 21272 300
mLAE3HO77 A3, 500mL &2 077 A2 KLN1000mL 53 M
77 AIBLANTL. ZER%E 500 mL FEART T RAaL LT,
<~V MVE—Z— R OB TIEA L 23 S, BN AAT T A2
DOEOIENET D FE TKERAE 21T o712, ¥4I HPLC ¥
FAPREREESER 10 mL 2R —/L B~y P TN, KTEAL, HIE
Bt L7, 72, 2400 ERERICHRERZERL L 7=
2414 FMEYLEGEER

MELEAL L OB 10g ZTEREICEA7 7 A&V ERD, K
100 mL ZFHWTHEILT MY 7240 ¢ KONBEABE 1 ¢ 1R 722
A7Z72a LT3 077 A2 LANTZ. HPLC {EFETE
BERAVATR 15 mL 24—/ ey N T 720h, %% % 500 mL
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BAATZAaL LT, WEMZERSRONLIERELRND,
BRMART T AaADEOFFICEIET 5 F TREKEL 1T
7o B8431Z HPLC M A NEREYERR 10 mL 2R —/L e~y TNz,
KTERL, BIEICHLEZ. F72, 24.1.1 L FEERICHRERZ1ER
L.
2415 KRR MH3LEELET H-ODOEERHOI T

PR LT Bkl 10 ¢ ZIEREIC A7 7 A TRV Y, K
100 mL ZFHWTHLT P oA 40 g KONEARE 1 g 2z 722
A752a4 LiE3 075 2alcBLAN, 8% 500 mL &
AARATZFGAaL LT, NEMEENSRNEIERE LR D, &

IINA AT T AADE DERIEIET D F TREKAE-E =T 7=

44312 HPLC {EHINEBIZHERR 10 mL % 7R —/L By T, /K
TEAL, BECH Lz, £, 2410 LFERRICRERZMER L
7-.
242 GCik
2421 AEBRALAEORE

M L7eA L X210 g ZIEREIZSOMLAEAR T T A2 |Z&Y
Moz, ZHUT, GCIENFERRAAIR 15 mL XU GC IEHIPED
HEUERE 10 mL ZAR—A ey NTIZ, A%/ —LTERLE.
INERTYA X045 yum DAL T Z 0T 4V —THBEL,
Wik L7z, 72, ERANS, 0.1 %TFA ¥R 1 mL Z2FmL7-0
BIZERL, BRI A F ) —/VEBIR LT A A SR 238 L
BT HA X045 ym DAL T T2 7 4 VE—THBLELD bIE
L, BECH L. F£7o, TNENOREIEZRE Lz EHZIC A
2 ) —VERIE LTz
2422 HMEUREER

ML L X 92310 g Z EFEIZSOMLAEA AT T A2Z&EY
Moz, ZAUT, GCIEMFERRATAIR 15 mL KU GC IEHIPIED
FEAER 10 mL 2R — /L By KT 7205, 0.1 %TFA VAR | mL
EMxT=DOG, A% —LVTERL, FHICAY ) —/Val@ik L
Ted AU B L, BT HA X045 yum DAL T T 7 ¢
NE—TABLIZbD%, WEICH Lz, £72, GC EAFEHERE
Bl 5 mL, 10 mL, 15mL, 20 mL X825 mL ZAR—/L Xy
FCENENSO ML EA AT T AZEYVEY, GCIERANEIE
YER 10 mL 7R — /LBy R TIX 7205, 0.1 %TFA %% 1 mL
BNz, A —NVTERL, FRIAY ) —)VEBIRLIZA A
VASHRIIE R L, BT VA X045 yom DAL T T LT 4L H —
TABLIZb D%, MREMERAOREE LT, BlEICHLE.
2423 KRR +H3LEELET S-HDOERRHOMT
FyRe U= AR 10 g Z IERFEIC S0 ML A A A7 7 A 22V B
o7z ZHUZ, GCIEMWNEEYER 10 mL ZA—/L Xy M ThI
Z1-05H, 01 %TFAVEIR I mL 2z 7-0h, A% ) —VTER
L, FANCAY ) —NVEBR LA Az, K74
A X045 ym DAL T Z T 4 NE—THBLEZL D%, HIEIC
U7z, &7z, 2422 LEREICHREREER LT
243 BERiE
2431 FHIEUGEER

MPEL7-AL X528 1.5 g ZIEMEIC 100 mL FEA AT T A2 TE
Do 7, BEFREEERFEAVATR 15 mL 24—/ ey F T

720, Carrez ik A KB #Z N 10mL iz, x5k
IR L=, 2402 0.1 N NaOH /Kigi% 10 mL Iz 7=0 5, /K
EMZTER LY. ZOWEO LBLEZRERL, REICEL-.
HIEHIEIE FKit FEEEDO 7 1 b 2ucibyy, SOSERTH1E 30 °C
IZRRE LT B AR AR B L, BRI ERIRICRE - 72112
SR A RE LTz, 7, BERE R MEFERAYAHK 5 mL, 10 mL,
15mL, 20 mL BTN 25 mL & 4F—/L By FTENZH 100 mL &
DAATZAIZEYVEY, KEMZTERLEE. ZOBRD -
BHERIL, RERIERAORE L LT, MRCRIEICH L.
2432 KRR MHTLEELET Z-HO0OEERRBOSH
Pk U7- ekl 1.5 g Z# IEREIC 100 mL B A AT T A ZEY
B o7-. Carrez i REE A LB #ZNEF 10mL Nz, Mx5Z &
W L=, 2402 0.1 N NaOH /KigiE % 10 mL Iz =05, /K
EMACTER L. ZOWKO EELZHIL, BIEICHLE.
HIEHIEE FKit BEEED 7 1k 3 ucfewy, KOSEERTHIE 30 °C
IZRRE LT B AR AR R L, BRI ERIRICR - 721212
AL & JE LT, £72,2.43.1 L RERICHRERZ (B LTz
244 KRR LIS LE
2441 FMEIGEER

P L724E L X 92810 g ZIEMEIC 100 mL BA AT T A 2| E
DD, RA NI T LERNEERER 10mL 28—~y FC
MzT=Db, KEMZTERL, 7778kt L. /2, &
FANTA A b BT WEFEERERIK 15 mL 2R —/L e~y kT
Mz T=bDOBER L, WMEGBRARE S Lz, Wb AT
YA X045 um DAL T T T 4 NEZ—THBL, AEICH L.
Fiz, RA T MEFEEFREEK S mL, 10 mL, 15mL, 20 mL
K25 mL ZAR—/LERy N TENLIL 100 ML FEART T A=
WICEVERY, RA ST LERNETERER 10 mL 278 —/L ey
R Tz 7o, KEMZ TERL, REHIERHAORE L LT,
RIE I L7z,
2442 HPLC i% GC ERUBERIEE KT - DEERN
DA

Pt U 72 ARk 10 g & IEREIZ 100 mL A A A7 T A28
WY, WA ST MEHNEELER 10 mL 28—/ Xy Tl
206, KEMZTERLE. ZRERT YA X045 pum D A
VITTUTANE—TAHEL, MEICH L. £z, 2441 L[H
(TR AR A VERR L 72

.CAJ

3.1 HPLC En#&Et
311 KELKERBICEIT 5P H0mEt

2411 120E- T, EERREKERSERBL, £OREH T L OFMER
UV R % ffead L 7-#& 5 % Table 1 127”7,

400 mL - 500 mL £330 2 ENLHEN 0.3% TH Y, 500 mL
FTT99.9 %aEEULTEIZZ &b, BEE LTS500 mL 28
AL,

312 KEREBICHTHHRMFN OB
24111255 T, BieaKAEKREE L, TO®EH T L O



8 PLFIBEEC £ 5 U x 5 35ch BB iE ReSHHT

INREAF L2 b ORI 24.12 (266~ T, HEHERREIRIKR A AN L
2L X9 (UUF, BEEE L VD) 2ARKHRE L-EilEom
V=R % Table 2 (27”7

SHUEREI A 2 O F FAREKAEE LG &1L, By HICEm,?
M T& Aedso 72y, BN IR L Tl AR Z N LR 45
LT, EiBEERENICENFTRR Th 7. UL, FRLEEREA
TR CIEEREE (pKa = 4.756') A iRffE L CHER L7e<7e>THY,
EEfE LD HIRVEETH DB AEE (pKa =3.036'9) &Mz 52 LT
fREERINZ 5ND Z LICL D bDEEZBND (Scheme 1).
313 KEREBICHE T 5ABERRUMBAEHORET

2413 ITHE-C, HEREI A KEIEE LI-E 25, 1000 mL
KIOT7TAEAWEERS, NEHPETFCLEIRERH Y,
FEiE> ZIE< OV — 2 12T W1 5 £ 9 By — 7 sBin ..
NEMDET oD s a~ N7 L% Fig. 1, NEWD
B CLE-GEAD I v~ b7 T 5% Fig. 2 )X O Fig. 3 1R T,
THUE, REAREBERAVEZZ & CHRmEMEL 2V, HEHLD D
BB P — =Ko TSN Z LIk 58D
EEZLND.

F 77, R 2 KRS LT 55 OFEO & BiE % Table
3IRT. 500mL A2 A7 T Aaz~vy kb —F—THELK
BRI AT TG 6 ORREENEL LT, BRBBEGREEZIS
B ORERKEONBFELEZTGEORBRE t REEFER L&
A, Wb p>0.05 L, [BEXME IS % THEEITRD D
Nigmoiz.

Table 1 Recovery rate of acetic acid with steam distillation of acetic acid
solutions.

acetic acid

succinic acid

Intensity

0 2 4 [}} 8 10 12 14
Relention lirne (rmin)

Fig. 1 Liquid chromatogram of a distilled solution of spiked ginger without
scorching. Succinic acid is added as an internal standard.
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Fig. 2 Liquid chromatogram of a distilled solution of spiked ginger with
scorching occurring and interfering with the peak of acetic acid. Succinic
acid is added as an internal standard.

Fraction Volume (mL)  Recovery rate (%) Total recovery rate (%)

Ist 100 85.9 85.9
2nd 100 11.0 96.9
3rd 100 22 99.1
4th 100 0.5 99.6
Sth 100 0.3 99.9

acetic acid

succinic acid

disturbance

Intensity

0 2 4 6 8 10 12 14
Retention time (min)

Table 2 Recovery rate of acetic acid with steam distillation of ginger solutions.

sample additive Recovery rate (%)

AcOH* NaCl only 99.9
ginger with AcOH NaCl only not detected
ginger with AcOH NaCl + tartaric acid 108.1

Fig. 3 Liquid chromatogram of a distilled solution of spiked ginger with
scorching occurring interfering with the peak of succinic acid. Succinic acid
is added as an internal standard.

Table 3 Results of the investigation of distilling devices

* this data is identical to total recovery rate of 500 mL from Table 1

[CH;COOH] 2 [CH;COO[H']

Scheme 1 ~ Chemical equation of acetic acid and acetate ion.

Volume of

N
distilling flask ~ Heating device Acetic iCId %) RSD (%) p-value
(n=3)
(mL)
500 muntle heater 0.681 0.22 -k
300 muntle heater 0.681 1.11 0.971
1000 muntle heater 0.677 1.13 0.437
500 oil bath 0.664 2.71 0.181
500 burner 0.671 0.81 0.067

* regarded as standard
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3.2 GC&maat

2421 156> TR L7 B BIBBRATRIZ DV T, A A a5
RABEZAT R0 o T2 E D7 v~ N7 T AR ONEZICHE LT
AR ) —NDr < 75 A% Fig 412, TFA ZIFML, A A4
RN BE A AT o T2 607 v~ 877 AR ONEZITHIE LT
AR ) —=NDra~ 7T A% Fig 51T

‘ n acetic acid\U
M e 8

0 2 4 6 8 10
Retention time (min)

spiked ginger

following MeOH

Intensity

Fig. 4 Gas chromatogram of spiked ginger without any treatment and following

methanol.
M‘lk acetic acid | \
A

0 2 4 6 & 10
Relention lirme (1rin)

spiked ginger
with pre-treatment

Intensity

following MeOH

Fig. 5 Gas chromatogram of spiked ginger treated with an ion-exchange filter
and following methanol.

AALER % F2hia U 727> o T B BURHATR ClT, IR OBEREH
PRI L, ERERHCRE S TWb. —J5, TFA 2R
U, A 23taftis O U7z SR ERAR CI, RIERAERHC
WERR SR H S U3, HERRIN BT~ DOFEBR DR ITFR D b e o 7.
TAUL, KERAEE OB L RIERC, BELERHATR T CIInkER D —
ESREE L THR LR RommOEADITERE L, O THEA
ENTZA L ) — U XY B2 Schemel DA XV 43 FIRIC R
DERTHZ LT, BRI Tnize 25, TFRAT, A
BB LV, BRREERAE T C OB OMREE AL <
TEILES T HEARTOERBES I ENTELEEZ LS.

3.3 BOWEICH T HEFEREURE DR

24.1.4, 2422, 243.1 KO 2.4.4.1 (206 EER O FSINEIGRER
% S L 7= % Table 4 (2R
WPROSHHEICBN TS, 100 %IIUTV O EIITER CRERS % [F]1Y
THZLENTER. TNAREOICHRT 5720, BEEEILER
%100 %& LT, BEOWNEORRELED tRELXEBLIZE Z A,
WIS p>0.05 LY, FHEXMH 95 % THEZEITED btk

-7

34, BEHWRICE T BB OMBRESEROLLE
24.1.5, 2423, 2432 FON 2442 12060, BEEREOFES
FELTERELIZHEREL Table 5 1R

HPLC %, GC kR UBERIEIY, W LR R b b T Ak L EE
BRUWEBRMENESNTZ. TALDORENEZ MU T AELE LN
R THLIMERT D120, RA NI T LIEOREE L K5HED
RO THREEZER/MLIZEZAS, Wb p > 005 L7420,
XM 95 % CTHEAITERD bILT, FoEORERIIRA b h
TAELFELWEHERTE 2.

Table 4 Results of the recovery rate of acetic acid from spiked ginger.

spiked Post-column method HPLC method GC method Enzymatic method

sample recovery 0 : « | recovery o i « | recovery o : « | recovery o : "
(n=3) rate (%) RSD (%)  p-value rate (%) RSD (%)  p-value rate (%) RSD (%)  p-value rate (%) RSD (%)  p-value
No.1 100.6 2.92 0.683 100.3 0.82 0.490 100.2 0.39 0.318 100.0 0.96 0.916
No.2 100.5 1.41 0.487 100.4 3.30 0.824 100.1 0.37 0.624 100.6 2.02 0.564
No.3 100.1 0.40 0.717 101.3 2.82 0.368 100.1 0.23 0.308 100.3 327 0.824

* comparison to 100% recovery rate

Table 5 Results of the quantitative analysis of acetic acid in pseudo samples.

pseudo Post-column method HPLC method GC method Enzymatic method

sample acetic acid o acetic acid o « | acetic acid o « | acetic acid o "
(n=3) %) RSD (%) %) RSD (%) p-value %) RSD (%) p-value %) RSD (%) p-value
No.1 0.670 0.30 0.668 1.75 0.739 0.677 1.50 0.356 0.677 1.50 0.356
No.2 0.693 0.78 0.686 2.17 0.504 0.687 0.13 0.184 0.708 1.73 0.154
No.3 0.660 0.69 0.666 1.11 0.266 0.669 0.60 0.056 0.665 1.18 0.410

* comparison to Post-column method
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4. = I BERIRIC OV T L & 5 ANTISHT 2 BEBR O VRANEI 3B 2 5206 L 7=
LA, WTHROFIEIZBWTHERREORIEED 100 %IZiT0 2
HPLC VEIZ & 5 IEfE7RBEE O E BIEZ BRET L, KEAKEREIC LRERTE .
L0, BHEOERICEET D L L 2 BEODBAND - L AR F77, BOOWEIC K0 HHER B O FERR O E B 41T\, HPLC I,

T& 7. iz, GC IEIC LD EMARNIROERIEZBHFIL, B GC EMUBRIEIZBNTELNIERMIL, RA DT LA
FAOD TE RIS DI~ DOFFIR DI 2SB5T 2 Z & 25 HERd BOWTIHONLERBEEAEEN RN LAHERETE .
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