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Quantitative analysis of acetic acid in ginger by high-performance liquid

chromatography (HPLC) with the post-column method.

Kenji TAKEMOTO", Tomohiro IGARASHI" and Takayuki KATAYAMA”"

* Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Salted ginger and ginger preserved in brine are classified differently in the Customs Tariff Schedule depending on the content

of acetic acid. In this study, we examined a quantitative analysis of acetic acid in salted ginger and ginger preserved in brine

by post-column HPLC for high accuracy. As a result of measuring 9 organic acids—tartaric acid, malic acid, lactic acid, acetic

acid, citric acid, fumaric acid, succinic acid, acrylic acid and propionic acid—by the post-column method and direct detection

method, the post-column method showed better peak separation and slightly higher acetic acid sensitivity. The generated

calibration curve showed good linearity (R > 0.999) in the range of 10 ng/mL to 1.5 mg/mL acetic acid solution. The recovery

rate was 99.9 to 100.1% in the determination of acetic acid in the pseudo sample of salted ginger (containing 13% salt and 1%

citric acid). In the determination of acetic acid in the simulated sample and imported sample of salted ginger, the measured

value mostly corresponded with the predicted value calculated from the addition amount and the value obtained by the direct

detection method. These results indicate that high-accuracy quantitative analysis of acetic acid is possible using the post-

column HPLC method.
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WA NI T DEERHWemERE 7 v~ 8777 4— (HPLC) ([2X5 L x 5 B OFEREDE &I

L(H-EAEE,  L(H-FER, FER, < 2AB—KW, 7~ Z
E<mE, T UM, et o G, FOEHEBETYE () )
LO)-Y A ZHE b T3 (B &
2.2.2 18K
HAbT b Y v A, < 2 ABE—/KF, BEEE (DL E, TR T3 ()
ey
2.2.3 HPLCHEEE
DARE, O ABERTKERD D UL, O ABKETT MY ATk
W (AL, PSR () 2
TrEFE—/L7L— (BTB) :fliF{kF &) Hl
2.3 FERUSHEH
B : HPLC 1260 Infinity 11|  (Agilent Technologiesf1-#)
A=+ 7T TGT129A ) , XA F VKR
(G7112B), TA Y27 FT 4 v 7 R7 [GT110B]

ZEAHE L= H .
SYBf77Z 2 : Synergi 4u Hydro-RP 80A, 250 x 4.6 mm 1D., 4 um
(Phenomenext1-#4)
H— R#Z I : Security Guard Cartridge C18, 4.0 x 3.0 mm LD.
(Phenomenex#tY)
Mg CBA A — RT LA g 1G7117C)
(Agilent Technologiest 1Y)
Mg R JIRA AT AiE, VIS 440 nm (BRI VIS 560 nm)
EFERHYE, UV210nm
TRRER 230mM D AT Y U DEAESIR pH2.6
PSUSHR :0.1mMBTB+15mM Y AfRKE T F) DA
pH8.8
BEESE  : 0.6 mL/min
SOGHEHER  : 0.6 mL/min
71T NRE 40°C
AR 20Ul
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(10 mg/mL)
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HPLCHIVARER « » Al /KFEN Y 7 12.86 gl DY) ABE600 uL% &
DELY, KTLO00 mLIZEZR LZHD
HPLCHI &K : BTB 62 mgh OV ABRKE —F b Y o A+ —JKFn
Y537 g EVIRY, KTLO0mLICERLZHD
2.4.2 TS5 HEHORAR
FERE, IFVP—THA<HIRELIZAL X 92310 g &Y EY,
KTI00 mLIZER LTZ. ERLELOZ LEAL, RIRHHKE L
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Fa—/KFn#0.1 g, HEHESO mg (BHEIERRF 1) F7213100 mg (ELIELE}
2) &Mz, PEEHRII0 mLEHR—/L ey N CZ7=0b, KE
MATER LIz ERLIZb 0% LRE L, MIRIIKE Lizob,
RS mUETR L, 045 umA LT Lo 7 4 AZ—TABLIZHD
iRk & Lz
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L X590 % IFP—TlN< MLz b D5 ga £V HLY , /K C100mL
BAATZZ AT AN, PHEREEIKI0 mL& A—/L ey h TN
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TAHBLIZb D&KL LT,
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NERy NIz =0b, KEMZTER L (FHERE10ng/mL~
100 ng/mL)
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7o, FWRE 27252, 5, 10, 20mL%& 7R—/L B~y M CENEI100mL
BKAATZZAZREYIY, PHEAERIKI0 mL& A—/L ey Tl
21D, KEMATER Uiz (HHEREE0.S ng/mL~5 ng/mL) .
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NIRRT
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Fig. 1 Comparison of separation between post-column method and direct detection
method. Chromatograms were monitored as follows : a, detected at 440 nm by
post-column method using BTB; b, direct detection at 210 nm.  The samples
were 1 mg/mL each and numbered as follows : 1, tartaric acid; 2, malic acid; 3,
lactic acid; 4, acetic acid; 5, citric acid; 6, fumaric acid; 7, succinic acid; 8, acrylic
acid; 9, propionic acid

Signal Intensity (mAU)

0 ‘I 2 3 45678 910111213141516171819202122232425
Retention Time {min.)

Fig. 2 HPLC chromatogram of fresh ginger extracted with water and filtrated. The
sample concentration was 100 mg/mL.

3.2 MIREMEORET

242 TR U727 T o 7 3BRAIR (100 mg/mL) %2.3 D44 THIE
LG AR NI T AETHEONZY v~ T A%Fig 21077, HHE,
SR, TV, ZIIKEE, T VIV, T u A EOBRt e —2
ICHE LR B E—ZIIIHE Lo T, ZTHHEOWED S b, {FEF
Y Th D Z & ROB SRR & LT S5 g
PEMENEEZSND 2 D, TIE MENEYERE & LT
3.3 EBEFMARICLIREBERRVEERR, BRHBFROMHESR

24.6 TR L= MBS VAR D © B, BEEBIRIED32.5~10 ng/mL O
By v~ ~ 77 L%&Fig 3\RT. HHRIREE) 10 ng/mLOER Tl
RO B — 212250, IR ENS DO TH 7223, 5.0ng/mLE T
2.5 ng/mLOREIETIE, IAFHOEDTH 72, £77, 1.0ng/mLOEIE
TIEIFHRO B— 27 BRI ENRD -T2, 2D Linb, FHROE M
HIERE 2.5 ng/mLERREE, CETIRITI0OngmLEE L EZZ Hhb. Zh
1, Lk 9 ASRELE10 glooWT, 2450 ETHMLIZBE, Bl
FRHAREES30.0025%, & FRRA0.01%FHYS 3 5.

24.6 THHIL LT Bf VIR D © B, BRHREIREDN.5~5.0 mg/mLo
TREFPHCYERR L7 Mt & Fig. 4R T, FARIRE030.987L 720,
ERE b7, Ei, BHRRED2.0mg/mL & U &\ gk 7
u~ b7 AT, FHROE—7BfafmL, EFHROLOTHoT-

246 THE LI- MBS ARIKD 5 B, BEEIEE 10 ng/mL~1.5

mg/mLORRRZ FIUNTHYERR U 7oy,  FABEER#%0.9997 TIiUR AT

A8 5 RAFRERMEE R LTz (Fig.5) . 7> T, 10ng/mL~1.5 mg/mL
DEFAUCIBNT, LI DTHROERENARETH D EEZDND.
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Fig.3 HPLC chromatograms of sensitivity test for the acetic acid standards. Inset shows
the expanded region of the chromatogram with retention time of 8.2—9.1 min.
Acetic acid concentration was a, 10 ng/mL; b, 5 ng/mL; ¢, 2.5 ng/mL.
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Fig.4 Calibration curve of acetic acid in the range of 1.5-5.0 mg/mL solution.
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Fig.5 Calibration curve of acetic acid in the range of 10 ng/mL to 1.5 mg/mL solution.

3.4 BHEHOAIEIC & B FMNEIRERO R
243 CHIH U723 ERE 1 R OBREEREL 2 223D CHRA R Y
T LECE VEIE LTz, SR D OL e EE0E 1 139m], HELL
k2 1IZ7EITTV, N3 EOBIERD HEEEE ORI K 7=
(Table 1) . #EEEUEL 1 (FEERIRE0.5%) KUMRLIEEL 2 (HHARE
1.0%) IZBWTC, [BIERIEZILEI99.9%4 TM00.1% TH Y, FHBLE
(AR b RAFCTh o7

Table 1 Mean recovery and percentage of relative standard deviation (RSD) data for
acetic acid obtained in the pseudo sample of salted ginger (containing 13% salt
and 1% citric acid).

3.5 EHEEEHOAEICHS T HFRIEE DL

244 T U - BHERE 2 2305 TR M 7 MEIZ X 0 lllE
L7z, iR 5 OEHIERIEUTY, ENEN3EOBIEN) b FHED
ERfEA RO (Table2) . 7ok, HHEEREHH OB SA RO THIE
1, BLFORE AW THEE L.

FEmf AR (%; THIE)
= HOKOEEEEA (%) x (100 —RAEVEETE 73(%))/100

BOKOFEESAHRIL, 2305 TRA M7 AEICEVAEL, 3
[BIDREME DTN HAFT2. NEPEETE 01, AOAC Official Method
911.02025E» Tk 7-2.

BRI OR A N 17 DETOFEEM & THfEE R Lz 25,
TERAEIF0.501%, LRROIFETRO - TFHIEIZ0.505% TH v, [EIE
1399.1% & BAFCdh o7z,

Table2 Mean recovery and percentage of relative standard deviation (RSD) data for
acetic acid obtained in the simulation sample of salted ginger.

Sample Numberof  Predicted Found Recovery = RSD
type samples (%) (%) (%) (%)
Simulation
9 0.5051 0.5011 99.2 0.71
sample

3.6 HMARDAEIZETERR bH S LKEEEREEDHTE

245 TR LA 1 ROMAS 2 Z23DKMETHRA NI T A
B EDRIE LTz, SRR 5 OB EA A 1139E], A 2 1%
15[EHTY, 2R EN3EIORIERED & E Rif 2K, EEEmIETHE
DAV ERAE &t L7z (Table3) .

BAG 1 DR R AT ZETOERML0.187%, EHRHETOE
HIED02% T o7z, Fiz, BAM 2 DRR N7 AETOE R
1.026%, EHMRHIETOEREN1% Th o7, EERHIETOER
B, AN 1 RO 2 201 7FICHIE L0 TH Y, EH
MDOBEIC X 0 IR L, BA BT DIETOTERMEIF TS
rolbBZbND.

Table 3 Comparison of acetic acid values obtained by post-column method and direct
detection method in imported samples of salted ginger. The values of the direct
detection method were obtained in 2017.

Sample  Sample Numberof Added Found Recovery RSD Sample  Sample Numberof Post-column RSD  Direct detection
type No. samples (%) (%) (%) (%) type No. samples method (%) (%) method (%)

Pseudo Imported

1 9 0.5185  0.5191 99.9 0.71 1 9 0.1871 1.60 0.2
sample sample
Pseudo Imported

2 7 1.025 1.024 100.1 0.96 2 15 1.026 091 1.1
sample sample
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3.7 HERUVIRE SHENRERREICER 5528

247DIFETHTHI UIZW AT 2 223D M CTHRA M T MBI X
DRIE LTz, A D OB EL B AL TIERTYY, EhEn3lE
OREEF» BE LN ERMEAZ I LTz (Tabled) . ZHEHLOMH
FHETOERMIEL1.020%~1.029%TH v, EOHHFTETH K& 7
3otz 6o T, L 90705 OFHROMIE, it
B D305 D@ HR0IRE 5, FETIXIRHLL EOFRHE OV TH
OFIETHHRECTH D LB 2 b5,

Table4 Comparison of acetic acid values obtained by post-column method with
different extraction methods.

Sample Sample ~ Number of Extraction Found RSD
type No. samples method (%) (%)
Imported Slowly shakin,
P 1 3 YIERE 100 116
sample for 0.5 hour.
Imported Slowly shakin;
P 2 3 YIRS 04 127
sample for 1.0 hour.
Imported Slowly shakin;
P 3 3 Y € 1.026 1.16
sample for 2.0 hours.
Imported Leaving to stand
4 3 1.029  0.18
sample for 1 hour.
Imported .
5 3 Stay overnight. 1.020  0.75
sample

X

4. EH 8

BRI T AEERAWZHPLCIZ LY Uk 5 NP OEMED & &5y
Prika et U-., Aoz R A b5 T L5 KL QR A TRIE
L7=fER, R NS WEDHNE— 7 OLBENBIFT, HilRORE
bETED- T HRERIE, 10ng/mL~1.5 mg/mLOFH T RAFRE
AR L72(R2> 0.999). E& FRTH 210 ng/mLid, FAEHORE
e A E0.01%IMY 35, L X 2 D3O#EENEH OB EBIZE
WG, BISRIZRF ChoTo. £, BEER OMASLH OFERO
TERIZBW TR DIV E AL, IR SR U7 TS & 72 1
DOFECLDHHELIFFE KL Dbz b, RA I T A
HEEAWEHPLCIZ L 0, Sk EORHROE B ARETH D Z & AV
L7z,

3
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6) AR : [EF11% FRMkkl), RS ERTEIEH—ARIIWR—", P.296(2003),
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