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Quantitative analysis for acetic acid in salted ginger and ginger preserved in brine

Yoshikazu SAITO*, Yuumi KAWASHIMA*,
Yoshitsugu MATSUMOTO* and Yukihiko YAMAZAKI*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Salted ginger and ginger preserved in brine are classified in different HS codes, depending on the content of acetic acid. In

this study, we pickled ginger samples in various seasoning liquids of known acetic acid content for a certain period, and

determined the contents of acetic acid both in the seasoning liquids and in the ginger samples, by the following three methods:

A) high-performance liquid chromatography (HPLC) using an ion-exclusion column with o-phthalic acid as internal standard,

B) gas chromatography (GC) using a capillary column with 1-pentyl alcohol as internal standard, after methanol extraction of

acetic acid, and C) enzymatic method using an acetic acid assay kit. We calculated the recoveries of acetic acid from the

seasoning liquids under various analytical conditions, and also compared the acetic acid contents in the seasoning liquids and in

the ginger samples. As a result, the HPLC method and the enzymatic method showed better recoveries than the GC method, in

the determination of the acetic acid content in the seasoning liquid. For determining the acetic acid content in the ginger

samples, the HPLC method was the most stable in the three methods.
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HE[E ¢ Alliance 2695 (Waters)

735 2 : Shim-Pack SCR-102H 7.9 mm L.D. X300 mm (&)

H— K41 F 2 : Shim-Pack SCR-102H(G) (B5#)

F17 MNRE : 60°C

o - R RERRA M KNI

(K 3 11C 60% iR EE % 6 ml #SIN)
i 1 0.5 ml/min
AR © 2998 7 4 N & A A— K7 LA Fith#k (Waters)
HEWR R 210 nm
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$EfE  Agilent 6890N (Agilent)

WRas « AKFERA A LB R

XY UT TR~ T A

#7 2 : HP-INNOWax 30mx0.25mm i.d.. /& 0.25 um (Agilent)

DB-WAX 30mx0.25mm i.d.. f&E 0.25 um (Agilent)
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Table 1 Parameters of GC methods used in this study

method wloloe @ 6o 6
column HP-INNOWax DB-WAX
initial temp. (°C) 35 | 8 | 35 | 100 | 80 | 100
initial time  (min) 5 1 5 15 1 15
rate ("C/min) 5 20 5 - 20 -
ramp 1 | final temp. (°C) 120 120 150 - 120 [
final time (min) 1 1 3 - 1 -
rate (“C/min) - 10 - - 10 -
ramp 2 | final temp. (°C) - 160 - - 160 -
final time (min) - 2 - - 2 -
250°C
post run Smin
inlet temperature (°C) 220 260 220 260
split ratio 25:1 20:1 50:1 20:1
injection volume (pl) 1 0.5 1 0.5
flow (ml/min, constant flow) 1.5 1.9 1.5 1.9
detector temperature (°C) 280 260 280 260

223
LERE - UV-2550 (B)
BERE : 340 nm
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Table 2 Results of calculation for the theoretical values of acetic acid contents in
prepared seasoning liquids

sample [ C @/l Al Mg W % |D g/em’ A(%)
1 3.0142 0.9900 | 73.5443 94.6 0.99903 0.282
2 3.0121 0.9900 | 72.9327 94.6 1.12305 0.253
3 3.0386 0.9900 | 72.9752 94.6 0.99952 0.284
4 5.0099 0.9900 | 72.2659 93.8 0.99893 0.469
5 5.0438 0.9900 | 71.9290 94.6 1.12363 0.423
6 5.0136 0.9900 | 71.3283 94.6 1.00008 0.469
7 7.0136 0.9900 | 73.5331 94.6 0.99998 0.655
8 7.0154 0.9900 | 72.0095 94.6 1.12435 0.588
9 7.0276 0.9900 | 70.8311 94.6 1.00027 0.658

10 3.0039 | 0.9900 | 81.6529 94.2 0.99865 | 0.279
3.0078 0.9900 | 80.7860 942 1.12990 0.249
12 3.0057 0.9900 | 81.2667 942 0.99907 0.279
13 5.0112 0.9900 | 80.8283 942 0.99894 0.466
14 5.0326 0.9900 | 81.0680 942 1.13063 0.417
15 5.0099 0.9900 | 80.9531 94.2 0.99936 0.465
16 7.0027 0.9900 | 80.9601 942 0.99922 0.651
17 7.0128 0.9900 | 81.5675 942 1.13051 0.580
18 7.0450 0.9900 | 81.9442 94.2 0.99958 0.654

A: the calculated acetic acid content in the seasoning liquid (%), C: the
concentration of acetic acid in the seasoning liquid before pickling (g/1), V: the
volume of the seasoning liquid used for pickling (1), D: the density of the
seasoning liquid at 20°C before pickling (g/cm3), W: the moisture of ginger
sample (%), M: the weight of ginger sample used for pickling (g)
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2.4.1(1)
T YRR - W 400 mg & 200 ml A X 7 T A 2 TIEREIC &
DERY . KEMZTER LT,
PAZAEIRR @ o-7 Z VIR 200 mg % 250 ml KA A7 T A2 |T &
DERD . K 60°COLRDKICIEMR L, i Li=DbkE
Mz CER LI,
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YT L TIROENE L X523 5 g 127K 50 ml &
Nz 1 RN L b 0% L x 5 SR & Uiz, £,
50 ml & A A7 T A 2 |\ TREMEFEBRERHK 15 ml X OSAEHERY 10 ml %
BOMVKTER LI bOEIEE - NMIEEHERAEK L Lz, &6
W2, TAANE U, < 2B, IEABEO Y Ve UIERENE
0.1 mg/ml 12725 X 5 TS U7 KV 2 AR & Lz,
U Xk 9 D3 VAR, FEHE « AR HEIR G U B OV BRI 2 2.2.1
DEMFTENEIE L, Fig & ORI R Z OOy &
SEEL TR SN D ETER LZ, 7228, L ) AShHEikico
WTIEALAZ 045 um D7 4 VX —TAHB LI HDOERE LTz,
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EYENERAIR Sml, 10 ml, 15ml, 20 ml X825 ml & ZNE7 50
mBFEAAT T ARV  FNLIUTNEERER 10 ml 20 %,
KTEF L2 b DERERARIRE LT, 221 OFTERER
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XY —THFELTZEEI 9 DL X 5235 g12/K 40 ml XU
FEUER 10 ml 22 C 1 IRpfEERRD Y U 72889 22 2.2.1 DSIF Tl
DiEL (5[ED HE L, 728, FERIEFE 045 pm O 7 4L
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FROBHIE K ONAERE R ORI IZLL F il v 17 - 72,

O B 19 OFHIRAREREE LT, ZNENLS ¢ % 50 ml
BAAT T AIERE L, PR 10 ml 2 MR 72D HKTE
HRLEbOEREBMRIRE LT, TN D% 2.2.1 OFFTENEN
ML GE) JELZ, 2B, BEHRIRIZILE 045 um @
TANE—TABLIEbDERE LI, Bohizr/rn~ /T
LI, FREHRIE Z L ICHER O B — 7 [ (Aa) & PNIEYEY)
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mMABAART T A TEYERY | ZNEFUCERER 10 ml 200,
AB ) —VTER LTS OERERAERE LT, 222 D441
TEREFMYIEL 3 E) WE Lz, Bbi/er/u~ b7 I A
M, BRESHER Z L CEERO E— 7 il (Aa) & IR
Bov—7mEE Ma) Dt (AaMa) OFHEERDT=, 0
x5 ARG TS TN FMERL 71y b L,
TR D R A iR LTz,
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XY —THRELIZRE OO L X )RS gz A —/L 40 ml
SOV HENR 10 ml %1% C 1 RERIBERPAIE U 72 vAHE A 2.2.2 D4:
) THERYIERL (SE) JIE Lz, B, BEKIZR 5ml % 13.5
mlFAY Y 2=~ LA, K8 g DRl MU v A% INx
TELSEVREBALIZOG, 42045 pm D7 4 L Z —TAilH
L7zbO&HE LR, Bohizsu~ b7 T A0 LERO E— 7
HfE (Aa) LNEMEWEOY—7 HE Ma) & Ok (AaMa) %
R, FOMRMERERZEE FIH U,

IO, IFHP =T LB 18 DL & 55395 g12/Kk 40 ml
FOWAEHERR 10 ml 200 % C 1 Ref sl U7 idikx . 222 o
Q)T EREOBEE 9 LIRBRICHIE L, FERMERERAZ R T,
¥, FRIIIALAEL 045 pm DT 4 L Z —THE LT b D2 HIE
L7,
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FRBHIE K ONAIERE R ORI IZLL F il v 47572,

@ WEH10-18 DFRIEAZFERELE LT, ThEh 52 % 50 ml
BAART T AATHEREL, PR 10 ml ZMR =D HAH )
—IVTER LT b OEFREHRIEE L, T D % 2.2.2 DM
TENENHEDIRL G E) JIE LT, Z2d, 3EMRIKIEH 5 ml
ZBSmARZ Y 2 —FR~BLAN, K8g Dz MU ¥
LEMATELSSDIREBALIZOG, L2045 pm D7 1 )V

Z—TAHWLIZbDERE L, fFohicru~ 87T Linb,

FREHATR 2 L IR O B — 7 T (Aa) & PARYEME O ' —
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2.4.3(1)

FEVEREEAY © BEER 400 mg % 250 ml 5 A A7 7 A 2| ZIEREIC B

DERY . KEMATER L,
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WHEFEEAIR S ml, 10 ml, 15 ml & TY 20 ml & Z 41241 200 ml &
ARTFAZEVERY | KCTER LD OEREMRARIKE L
T, R v FOBBAEBICNE > TREZFIM L, 285 - TR
FEEFC X DI DREZEIT, A B AR O BEER IR
(Ac) IZxtT 2 —#HOBIETH LN EZE (JB) 27 vy
hL. BREROBERMEZ MR LT,
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WHERERAIE S ml, 10 ml &Y 15 ml & Z 4240 200 ml 5 A A7
FAZEVERY , KTERLEZbOZMY K LIEOMHERIZHT
HRRERARIEE Uiz, £72, IX P —TH#HRLZHE IO L x
INKILS g & 100 mIBA AT T ATIEREL, KTERLEZD
HI#HE L2251 REH L= b oz, BRI E Lz, M
IR R OB (5 EIIESY) 1o\ T, #3E% » b
A TRIEZ BN L 2 E O OBE ZAT > 72, 728,
AEHRIEIE No2 D AT A L7 b O 2T L, BF 5wt
A LI AR U, BUBHRIR OBERRIRE 23R D, D
IHHE U 72 2 B LTz,
2.4.3(4)

FRBHIE K ONIE A& RO FFM XL T i 0 475 7=,

O Bk 10-18 OFKIRERERE S LT, Wiy 2 Bifkd o
. ZNZENI10mI FEAAT T ZATIEREL, KTEXELED
DEBREHRIKE Uiz, BUBHRBURIZ. FARIK 10-12 122\ T
3g. 13-1512oWTiE 2g, 16-18 125\ Tid15g & Lz, 2D
BRI A 9 ML (2 3B 4 BfR30) 1250T T SRR EHR
TR N 2.4.3(2) & RERICHEL L 7- BRI T 3l
v FOBATIHE > TREZ RN L, WREOREEIT- 7,
Tipbb, 7700 1R, B AR 4 Bk R OGBSI
4 RIRDOE 9 iR E 1 BOBPEDOx G E Uiz, 557 WeE
b EATHREBR A VER L SRR OBEIRIREE (Ac) & 3R,
ME B OB A F A2 KRR LY R L,

A=10Ac/S
=72 L,
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A HIEREBOREEE A E (%)
Ac : BEMR L RO RBHRIROFRIEE (g/1)
S : HIEFREORERE (2)
HIEFEOBEE S A 51 2 IO FEHMEE L. 2.3 OFEME
L, EERE R D,
@ BHEF10-18 DL X I BEWERELE LT, I ¥V —THfeL .,
FREFREL 2 AT D% 100 ml FA AT T A TKEFEL T, K
TERLIZOGEE LA S 1 R Lz b 0% 30K

WTIE2g KV 16-18 1220 TIE 1.5 g & Lz, T OEHRIKIC
DNTOL FERRICIIEREBI ORI E A2/ Lz, ok, &/
BHRIEIE No.2 DA TAME LIz b D& JIE LT,

B ONT-EHEE S A RIZ OV TR OBRE & A 2 & I LT,
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2.4.1(5). 24205)K 0% 2434 F1T B Bk B K OB TE DT

L L7, ABHREEE, ROBH10-12 1I2oW TR 3 g, 13-15 120

fff 2 Table 3 1277”7

Table 3  Analysis results of the acetic acid content in various samples by the three methods and the required time for each analysis

Adtheoretical value of HPLC method GC method enzymatic method
campl ace;icC::riti ‘cc(?nt\;it“icnothe Bl .seasoning liquid | Cl.ginger sample | BI-Cl B2 seasoning liquid | C2.ginger sample I C2-A B3 seasoning liquid | C3.ginger sample | B3-C3
sample ) Lo content of Acetic acid (%) content of Acetic acid (%) content of Acetic acid (%)
seasoning liquid (%)
recovery(%) - ratio of BI-CI to BI(%) recovery(%) - recovery(%) - ratio of B3-C3 to B3(%)
0.276 0.261 -0.015 - - -
1 0.282 979 N 54 5
0.250 0.233 0.017 -
2 .2
0253 98.8 - -6.8 -
0.287 0.263 0.024 -
3 0284 101.1 - -84 -
0.458 0.428 0.016 -
4 0.469 977 . 35 5
5 0423 0.417 0.392 0.025 -
98.6 - -6.0 -
0.467 0.443 0.024 -
6 0469 96.6 - 5.1 -
0.651 0.618 0.033 -
7 X
0655 99.4 - -5.1 -
3 0.588 0.582 0.551 0.031 -
99.0 - -53 -
0.653 0.618 0.035 -
9 0.658 992 _ 54 . . B B B 5
10 0279 0.274 0.260 -0.014 0.290 0.296 +0.017 0.276 0.268 0.008
’ 98.2 - -5.1 103.9 - - 98.9 - 2.9
1 0249 0.246 0.234 0.012 0273 0.259 +0.010 0.251 0.246 0.005
) 98.8 - -49 109.6 - - 100.8 - -2.0
12 0279 0.275 0.261 0.014 0.305 0.295 +0.016 0.280 0.272 0.008
| 98.6 - -5.1 109.3 - - 100.4 - 29
13 0.466 0459 0436 0.023 0485 0.472 +0.006 0.462 0450 0.012
) 98.5 - 5.0 104.1 - - 99.1 - -2.6
14 0417 0412 0.396 0.016 0.445 0432 +0.015 0411 0417 +0.006
. 98.8 - -39 106.7 - - 98.6 - +1.5
15 0.465 0.458 0437 0.021 0.503 0.482 +0.017 0.466 0.442 -0.024
i 98.5 - -4.6 108.2 - - 1002 - 5.2
16 0651 0.644 0.614 0.030 0.686 0.658 +0.007 0.657 0.644 0.013
) 98.9 - -4.7 105.4 - - 100.9 - -2.0
17 0.580 0.577 0.554 -0.023 0.605 0.597 +0.017 0.581 0.573 0.008
i 99.5 - -4.0 1043 - - 100.2 - -14
18 0654 0.645 0.613 0.032 0.689 0.663 +0.009 0.657 0.629 0.028
} 98.6 - 5.0 1054 - - 100.5 - -4.3
Analysis time to create calibration 10 6.25 «
curve (h)
Analysis time per one sample (h) 2 0.75 <1
4
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Fig.1 Liquid chromatograms of A) extract from a fresh ginger sample, B)
mixture of citric acid, tartaric acid and ascorbic acid and C) standard solution
1: Citric acid, 2: Tartaric acid, 3: Ascorbic acid, 4: Acetic acid, 5: o-Phthalic
acid
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Fig.2 Liquid chromatograms of A) sorbic acid, B) extract from a fresh ginger
sample
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Fig.3 Calibration curve of standard acetic acid solution by HPLC method
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24.1(4)DFEFR % Table 4 12777, FHXHMEERZEIL 0.17% TH Y |
BRIk UIEE /R LTz,

Table 4 Repeatability of HPLC method

Aa/Ma RSD(n=5)
0.8047
0.8010
0.8020 0.17%
0.8022
0.8031
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Table 3 1Z/RT & S 12, FEIULERIK 97.7-101.1% & BT RLHFT
HO | FHREESLRIE - < A ABBOTFIEIC X BB R b e
ST, F o GREFRYEDE N X A REROET RO o T,
FRIR E L X 0 DOFHBESHEONEE L T 5 L. WTh
DOREHIOWTHIHARIEDOFN L X 2B LY bEL eodz, A
T, B0, 12, 13, 15, 16 KON 18 ICB D FAKIK OREE S AT
b L X D DOFEER LT W EL2 TR OFFRE AT

B L7 fB1E-5.1~-4.6%TH Y . W bIZFE—EM TLEL T
7oo 50T, BB, 14 K17 O L & ) BOFHBEARIZON
T, [A UHERRIE E OFRRIRICHSA A T2 OFEHZ e~ T (B 20
AT W TIEREN 10 BTN 12 L H_T) | Rk O E A
R LTZ & EOWDEINNEholz, TNHDIEND, 2.3
TGS, HOREDOHE A & LTEESNZES 25,
IHHOBMITRE 19 O L & ) BBV TR SR - T2
e, RAE10-18 O L x5 3ok, b hikkhRiE o
WEREIREEDS | HERA & A 2R 0.5% DR E TR & AHE L7358 Img/ml
RIS D K OIS 2 HEN L 0 LE LR A5 5157
WA THDH LS XD,
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3.2.1

AKX VNN T, R K OIS E S RAF 72—
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AR, AR, YVEUVIBEOT VS I UERE OSBERTIRETH
7= (Figd BRS), 2B, 7 AINLE U, < 2 A, AT,
VIVE VBRI LE I UBBIZOWTIE, WTFRBRA b T 1L
TSI, EESITITHEE T IR NZ2 EnbroTz,
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Fig4 Gas chromatograms of A) extract from a fresh ginger sample, B) mixture
of citric acid, tartaric acid, ascorbic acid, sorbic acid and glutamic acid and
C) standard solution (1: 1-Pentyl alcohol, 2: acetic acid), under the condition
of method (1) described in Table 1
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Fig.5 Gas chromatograms of A) extract from a fresh ginger sample, B) mixture
of citric acid, tartaric acid, ascorbic acid, sorbic acid and glutamic acid, and
C) standard solution (1: 1-Pentyl alcohol, 2: acetic acid), under the condition
of method (2) described in Table 1
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Fig.6 Gas chromatograms of A) extract from a fresh ginger sample, B) mixture
of citric acid, tartaric acid, ascorbic acid, sorbic acid and glutamic acid, and
C) standard solution (1: 1-Pentyl alcohol, 2: acetic acid), under the condition
of method (3) described in Table 1
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Fig.7 Gas chromatograms of A) extract from a fresh ginger sample, B) mixture
of citric acid, tartaric acid, ascorbic acid, sorbic acid and glutamic acid, and
C) standard solution (1: 1-Pentyl alcohol, 2: acetic acid), under the condition
of method (4) described in Table 1
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Fig.8 Gas chromatograms of A) extract from a fresh ginger sample, B) mixture
of citric acid, tartaric acid, ascorbic acid, sorbic acid and glutamic acid, and
C) standard solution (1: 1-Pentyl alcohol, 2: acetic acid), under the condition
of method (5) described in Table 1
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Fig.9 Gas chromatograms of A) extract from a fresh ginger sample, B) mixture
of citric acid, tartaric acid, ascorbic acid, sorbic acid and glutamic acid, and
C) standard solution (1: 1-Pentyl alcohol, 2: acetic acid), under the condition
of method (6) described in Table 1
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Fig.10 Calibration curve of standard acetic acid solution by GC method

3.2.3

242 (H)DFEF% Table 51T T, MHXMRHERAILA ¥ /) — V%
R & L= S M (DIZ oW TIH 0.66% TH 0 . BLIF/2 0 R L%
RUTn, —Ji, KREEEE LSOOI 20T 5.57% TH Y |
ERDINZHANWD L L L TUIEABEOREDIZ L & BKRE
TED LT LT

Table 5 Repeatability of GC methods
RSD(n=5)

Method Aa/Ma
1.0062
1.0136
1 1.0246 0.66%
1.0162
1.0174
0.9646
1.0318
2 1.0456 5.57%
0.9418
0.9229
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3.2.4

Table 3 (2789 K 512, [AIIXER 103.9 - 109.6% & W T DREID
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Fig.11 Calibration curve of standard acetic acid solution by enzymatic method

3.32
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Table 6 Repeatability of enzymatic method

Concentration of
Acetic acid (g/1)
0.6552
0.6582
0.6552 0.30%
0.6527
0.6552

RSD(n=5)
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Table 3 (Z/RF & 512, FRARIEOREIZRIT DEXEFRIL 98.9 -
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I VBOEHREREE T 5 & HPLC IEIC L 2 00 R1% 2.3
Tk~ 7= L o7, PRESNABMAE R LT, L LARRL, Bk
B L BRI — o ORBHI B W TR & L & 5 2 ORER
GHBOR/NIPHER L TEY, EFRRE R LIZEOL X 5
DOFEERE A ROBARIZHPLC IEIC R 6N 5 X 5 2 Hm 3 /6
Nighote, ZHHDTZ EAb, HPLC 1 & BEREITV T B EE
BEFEOREICB N THIEEOFRAERH S, Lr 200
SIFTICRN T, ARG L7200k TRk L v & HPLC ik
DFBLE LTRERPMFOND LEZBND,

—Ji. GC ¥EIZDWTIE, ARBFFECERA L 72/ 51 CikEy
N T T ANIRELSEH L, FRAWIRE L X 5 DOFEES A3
DHEIZBNTH—EOMAN R 5T, BEECHERL X 228
IR DEHRO BBV OIXNEETH 5,

L2 AT, AEL ARMENERD B oD FIEITE DS
a2 MZOWTEITO & 5 28R H 5.
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