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A simple and reliable method for determining the acetic acid concentration in food preparations using gas
chromatography-mass spectrometry (GC-MS) in selected ion monitoring (SIM) mode has been developed. Fresh ginger,
cucumber and Japanese radish were used for preparing samples as raw materials. Samples were prepared by crushing the fresh
vegetables and immersing them in general seasoning solutions containing acetic acid of various known amounts. Acetic acid

was extracted with methanol from the prepared samples and further dehydrated with sodium sulfate. The extracted acetic acid
was separated on a HP-INNOWax column (30 m x 0.25 mm, 0.25 pm) and determined by MS in SIM mode (m/z 60 with EI
ionization, for detection of acetic acid) and quantified by the internal standard method. To avoid false detections caused by the
thermal decomposition of citric acid in seasoning solutions, a clean-up was carried out after the programmed analysis method.

When the injection port temperature was set to 260°C, the values of acetic acid tended to be determined with an extended
influence because of the decomposition of citric acid. However, when the temperature of the injection port was changed to
170°C, reliable data were obtained. The recoveries of acetic acid from the prepared samples were in the range of 98.3 to

100.3%. The relative standard deviation of the measured values was 0.001 to 0.008%.
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Table 1 Recipe for preparing the test samples of ginger, cucumber and Japanese

radish used in this study, which contained 0.3%, 0.5% and 0.6% acetic acid
by weight

Ingredients Test sample Test sample Test sample
(final c?)ncentration) containing 0.30% | containing 0.50% | containing 0.60%
of acetic acid of acetic acid of acetic acid
Crushed vegetables
(ginger, cucumber or 3.09 3.0g 3.0g
Japanese radish)
0.01g/ml acetic acid 3ml 5ml 6ml
solution (0.03g) (0.05g) (0.06g)
Sodium chloride”
(10%/ 5%) 1.09/0.59 1.09/0.59 1.09/0.59
Citric acid
(1%) 0.1g 0.1g 0.1g
Water 3.59/4.0g 2.0g9/2.59 1.1g/1.6g
Total weight 10.0g 10.0g 10.0g

“The sodium chloride concentration in test samples was adjusted by weight to 10% for
the ginger samples and to 5% for the cucumber samples and the Japanese radish samples
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Table 2 Compositions of the ginger samples prepared for the 24-hr storage test

Inaredients Test sample Test sample Test sample
(final c%ncentration) containing 0.30% | containing 0.50% | containing 0.75%
of acetic acid of acetic acid of acetic acid
Crushed ginger 12.0g 12.0g 12.0g
0'029/;.2:”1?(?? acid Sl 10ml 15ml
(acid weight) (0.129) (0.209) (0.309)
Sodium chloride
(10%) 4.0g 4.09 4.0g
Citric acid
(1%) 0.4g 0.4g 0.4g
Water 17.69 13.69 8.69
Total weight 40.0g 40.0g9 40.0g
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Fig. 1 SIM ion chromatograms obtained from the preparations of A: ginger, B:
cucumber, C: Japanese radish and D: standard solution (0.5% acetic acid) for
the calibration curve, under the 260°C condition. Under the 170°C condition,
the SIM analysis yielded similar chromatograms.
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Fig. 2 Calibration curve for determining the acetic acid under the 260°C
condition.
The X-axis is the weight ratio of acetic acid vs. the internal standard in
standard solution and the Y-axis is the ratio of GC-MS peak areas of acetic
acid vs. the internal standard. The correlation coefficients (r) from three sets
of calibration data for the 260°C condition were 0.999978, 0.999944 and
0.999677, respectively. The coefficients of determination (r%) from three sets
of calibration data for the 260°C condition were 0.999957, 0.999888 and
0.999355, respectively. The 170°C condition also yielded similar linear
calibration curves. The correlation coefficients (r) from three sets of
calibration data for the 170°C condition were 0.999986, 0.999980 and
0.999975, respectively. The coefficients of determination (r%) from three sets
of calibration data for the 170°C condition were 0.999972, 0.999960 and
0.999950, respectively.

Table 3 Results of residual and standard residual analyses of the calibration
curve for the 260°C condition

. Predicted value . .
No.| Area Ratio of Area Ratio Residual Standard residual
1 0.91833 0.91993 -0.00160 -0.18927
2 1.38033 1.37482 0.00551 0.65166
3 1.83335 1.82971 0.00364 0.43001
4 2.28825 2.28461 0.00364 0.43037
5 2.72305 2.73950 -0.01645 -1.94484
6 4.56434 4.55907 0.00526 0.62207
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Fig. 3 Residual plots against area ratio (peak areas of acetic acid vs. the internal
standard) for standard acetic acid solutions under the 260°C condition.
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Table 4 Results of GC-MS analysis for the prepared samples of ginger, cucumber and Japanese radish under the 260°C condition

1 2 3 4 5 6 Mean AE SD RSD R

Ginger

0.30% 0.328 0.333 0.328 0.325 0.320 0.320 0.326 0.026 0.005 1.416 108.5

0.50% 0.534 0.522 0.519 0.520 0.517 0.519 0.522 0.022 0.006 1.098 104.4

0.60% | 0.642 0.619 0.617 0.620 0.616 0.618 0.622 0.022 0.009 1.436 103.7
Cucumber

0.30% | 0.330 0.335 0.332 0.333 0.326 0.329 0.331 0.031 0.003 0.904 110.3

0.50% | 0.529 0.529 0.529 0.527 0.525 0.529 0.528 0.028 0.002 0.286 105.6

0.60% | 0.627 0.623 0.624 0.622 0.616 0.622 0.622 0.022 0.003 0.560 103.7
Japanese radish

0.30% 0.328 0.333 0.331 0.336 0.337 0.338 0.334 0.034 0.004 1.101 111.3

0.50% 0.545 0.528 0.544 0.535 0.540 0.534 0.538 0.038 0.006 1.132 107.5

0.60% | 0.643 0.638 0.622 0.635 0.639 0.640 0.636 0.036 0.007 1.047 106.0

AE: absolute error, SD: standard deviation, RSD: relative standard deviation, R: recovery
Each test sample was prepared according to the recipe described in Table 1. The concentration (wt%) of acetic acid in each test sample was determined by
GC-MS analysis under the 260°C condition six times.
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Table5 Results of GC-MS analysis for the prepared samples of ginger, cucumber and Japanese radish under the 170°C condition

1 2 3 4 5 6 Mean AE SD RSD R

Ginger

0.30% | 0.300 0.293 0.292 0.296 0.293 0.293 0.294 0.006 0.003 0.920 98.1

0.50% | 0.490 0.501 0.497 0.490 0.503 0.495 0.496 0.004 0.005 1.071 99.1

0.60% 0.600 0.601 0.595 0.592 0.595 0.588 0.595 0.005 0.005 0.793 99.2
Cucumber

0.30% | 0.290 0.300 0.299 0.296 0.294 0.291 0.295 0.005 0.004 1.290 98.3

0.50% | 0.505 0.503 0.494 0.496 0.494 0.49 0.497 0.003 0.005 1.086 99.4

0.60% 0.607 0.601 0.599 0.605 0.601 0.598 0.602 0.002 0.003 0.540 100.3
Japanese radish

0.30% | 0.307 0.307 0.292 0.301 0.289 0.291 0.298 0.002 0.008 2.556 99.3

0.50% | 0.501 0.499 0.499 0.501 0.499 0.499 0.499 0.001 0.001 0.176 99.9

0.60% 0.595 0.603 0.593 0.588 0.585 0.595 0.593 0.007 0.006 0.997 98.9

AE: absolute error, SD: standard deviation, RSD: relative standard deviation, R: recovery
Each test sample was prepared according to the recipe described in Table 1. The concentration (wt%) of acetic acid in each test sample was determined by

GC-MS analysis under the 170°C condition six times.

314 JIVERDOFEIZDONT

“260°CEM" THEONI-FEOE RIEIL, Table 4 IR &3
0. BREBOHRFRZEIL “170°CEH Db O L ~THEL, [E
ILERIIFGRHIE L 0 b EICEVMEE e o Te, —J7, “LT0C&HE” T
BON-ERROEREIL, Table 5 (27~778 V IFIE 100% ATV [E]
RN F BTz, UL, “260°CHRMH” 128V T, BN L 7-Eig
EIERNT, miz60 DT T T AL A AU ERFD, DORER & 1FEIE
[Al— ORI E— 2 B SN D WE OFIEE T 5,
fin 7, 2.33 2BV THM LFR 2RI L7 L x 2 23a0kEK
W 1% 7 = VKR D D bERB O ©— 27 Bt S, ZDER
fEI%, BRI L720 Lk 9 23508 T 0.019%(n=3), 1% 2 =
UTEKYATETIE 0.018%(n=3) TH - 7-,

7T UMRIE, ERTCTER LY b T a v R R D T LR
WS TR 29 BRI TIREIX115CTH D L anT
WY, TOZ L, “260°CEMT 1TV TR S s EEkRE
BEOB R 28550, RERER T O 7 = U ERICRIN T
5EBEZLND,

32 HHATAHBEOFBREESE~DEE

321 REHOERM

2.3.74 IZREWERR L7 REME Fig. 4138, “170CEAE" @
ST, R 0.2pug/mi~1.0pug/ml I23BW T, IZIEHAEZED
AFEARDE DAL, AR r=0.999 & 70V | EAFZREARIED ik
WTET,

6.0
//
5 0 /‘-"/
¥ LONI2T0% - 0004315 r
1¥=0.000774 yd
i

4.1 //d
-t e
o -
Mﬂ 3.0 -
g
E ,/'

e
' 0 ‘y
rd
.//
e
= A
//'r
0.0
0.0 Lo 2.0 3.0 4.0 5.0 6.0
Weight Ratio

Fig.4 Calibration curve for determining acetic acid under the 170°C condition.
The X-axis is the weight ratio of acetic acid vs. the internal standard in
standard solution and the Y-axis is the ratio of GC-MS peak areas of acetic
acid vs. the internal standard. The correlation coefficients (r) from three sets
of calibration data for the 170°C condition were 0.999979, 0.999954 and
0.999994, respectively. The coefficients of determination (%) from three sets
of calibration data for the 170°C condition were 0.999959, 0.999909 and
0.999988, respectively.
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Table 6 Results of GC-MS analysis for the 24-hr storage prepared ginger under the 170°C condition

1 2 3 4 5 6 Mean AE SD RSD R

260°C condition

0.30% | 0.329 0.316 0.311 0.314 0.314 0.315 0.317 0.017 0.006 1.936 105.7

0.50% | 0.531 0.517 0.517 0.519 0.516 0.519 0.521 0.021 0.006 1.034 104.1

0.75% | 0.763 0.762 0.758 0.770 0.767 0.765 0.765 0.015 0.003 0.356 102.1
170°C condition

0.30% | 0.304 0.301 0.298 0.296 0.298 0.296 0.299 0.001 0.003 0.977 99.6

0.50% | 0.490 0.488 0.490 0.487 0.491 0.493 0.489 0.011 0.002 0.415 97.8

0.75% | 0.753 0.749 0.743 0.741 0.749 0.736 0.746 0.004 0.006 0.823 99.4

AE: absolute error, SD: standard deviation, RSD: relative standard deviation, R: recovery
Each test sample was prepared according to the recipe described in Table 2. The concentration (wt%) of acetic acid in each test sample was determined by

GC-MS analysis under the 170°C condition six times.

PUEED . 234 TRRELZL X 5 2HITHEER, ST MU oA
J UK OKEMA, TOEENOEREZMEL-b0 L,
2373 DEMT. L X 9 BNEFHRFED B 72 5 G REIR I 24 FFH]
BETiAZ, ZO—MMREINOFRZ AL L2 b o L OfIZIE, 4
Bl L7 0T St Tt BN OFERE B A B 72 281X
Roniehotz,

3.3 EHAEICEITIEEE~DTE

2.3.4 OFEERFINEEE 0.50% D L k9 AiEHc >\, “170°C”
26040 GC-MS (T & ) [Fl—/3A 7 LR O % 8455 20 [A1HE L7z
FEHL A Table 7 12,

Table 7 Results of continuous measurement of a ginger sample containing 0.5% acetic acid under the 170°C condition

No. 1 2 3 4 5 6 7 8 9 10
Calculated value 0.530 0.527 0.512 0.507 0.509 0.503 0.506 0.503 0.495 0.494

No. 11 12 13 14 15 16 17 18 19 20
Calculated value 0.493 0.479 0.482 0.482 0.464 0.481 0.469 0.456 0.452 0.467

Calculated value: Concentration (wt %) of acetic acid in the measured ginger sample
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