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Fig. 1 Comparison of the sensitivities of several
carboxylic acids
1 : maleic acid; 2: fumaric acid; 3 : L-ascorbic
acid; 4: oxalic acid; 5: tartaric acid; 6; citric
acid; 7: malic acid; 8: malonic acid; 9:
succinic acid; 10: lactic acid; 11 : formic acid;
12: acetic acid. Conditions Column :
TSK-gel 120 A (ODS, 4.6 mm i. d. X120 mm);
Mobile phase: 0.1 M sodium perchlorate-0.01
M sodium dihydrogenphosphate (pH 2.6);
Wavelength : 210 nm; Temperature : 25°C;
Flow rate: 0.8 ml/min.; Sample volume: 100
wl
Table 1 Recovery of fumaric acid in malic acids
and apple drinks
Fumaric Amount
Sample acid added/ found/ R. S;yD'b)’ RCC(;/VCYY’
10°°M  107°M ? i
D,L-Malic acid 0 4.49 — —
4.0 8.51 0.19 100.2
L-Malic acid 0 1.55 — —
4.0 5.45 0.40 98.2
D-Malic acid 0 5.28 — —
4.0 9.34 0.24 101.6
Apple drink®
20% 0 '10.88 — —
2.0 12.88 0.58 100.0
30% 0 8.49 — -
4.0 13.05 1.46 104.5
70% 0 9.39 — —
4.0 13.25 0.32 99.0

a) content of apple juice; b) relative standard devia-
tion (n=3).
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Table 2 Determination of fumaric acid in malic acids
Sample? Con(;f:ntra'tion of Fumaric acid R.S.D.®), Mole ratio® Fumaric acid
malic acid/M found/107° M % (MA/FA) content/pg g™’
pr-Malic acid A 8.0X107* 4.49 0.44 178/1 4860
B 8.0X107* 5.18 0.56 154/1 5620
E 8.0x10™* 7.32 0.41 109/1 7940
F 8.0Xx107* 6.48 0.13 123/1 7040
L-Malic acid A 1.0X1072 1.55 2.53 6450/1 134
B 1.0X1072 1.58 1.54 6330/1 137
C 1.0X1072 3.88 0.63 2580/1 336
p-Malic acid B 5.0X10732 0.23 028 21700/1 40
C 5.0X1073 0.74 1.73 13500/1 64
D 5.0X107% 5.28 0.15 947/1 914

a) A~D : analytical reagent grade, E & F : food additives ; b) relative standard deviation (n=3) ; ¢) MA : malic

acid, FA : fumaric acid
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Fig. 2 Typical HPLC chromatograms of samples
containing fumaric acid

(A) : fumaric acid standard solution (1.0X 107°
M); (B):Dp-malic acid; (C): L-malic acid;
(D) : pL-malic acid; (E): apple drink (30% ).
Peaks 1 : unknown; 2: tartaric acid; 3:
malic acid; 4 : L-ascorbic acid; 5: maleic acid;
6: citric acid; 7:succinic acid; 8: fumaric
acid. Chromatographic conditions are the same
as those in Fig. 1.
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Table 3 Determination of fumaric acid in apple
drinks
Fumaric R.S.D.Y Fumaric
Sample® Dil. acid found/ % acid content/
107°M ? pg ml !
20%
A 1/20 10.88 0.85 25.26
B 1/20 4.35 1.96 10.09
30%
C 1/10 8.49 1.39 9.85
D 1/10 4.39 3.46 5.09
70%
E 1/20 9.39 0.50 21.78
F 1/20 N.D.° — —
100%
G 1/10 N.D. — —
H 1/10 N.D. — —

a) content of apple juice; b) relative standard devia-
tion (n=3) ; ¢) not detected
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FToeksREsETESN, RRIGERHIHKT 25
ZHENAENBDTTNVESEICEBTELTWLSY, 2-3 1
SR Ltz HPLC &k iRy v TBrho 7 < VB Ok
FRAETo . FEER% Table 2 IWRL, 7 7 IVEEEHE
Vi, THEROD o-, 1- RO pL-Y) v TMO 7 0w b 7T A
% Fig. 2 WY, pL-fkD 7 v VEEEHREX, LN
TI1~2 ks, X, v-Y) v TRIIEBEC IO
BN, EoT T INVROEEEIBD TEVWES
2Hhb. UL ULEMLTHEEPRYDED T T IVER

NI | -Electronic Library Service



The Japan Society for Analytical Chemistry

T92 "~ BUNSEKI KAGAKU

PRI SN, X, vED 7w VBREHERIE, A—%—
WRoTHBODELD2EDNH B L5 1.

Table 3 IZKBEIC LD T v TVEEHRD 7 < VDT
BRERERUI. X, B 30% OFKT v 7 VER®
7u< b7 5 A%EREHLEUTEBIC Fig. 2 IR L
2. 7NVERIBEBREHSE L (0.63 /100 ml, 25°C) &
MmN E UM THERINS S IRIEEA S L.
X, BRBHFICHFET HDRRO 7 T VBIEERIZHMETH
5. ThbsdZ&E, Table 3 DIERNS, 7 v T
BRHICTEES 5 7 VERIZRIN A N7z oi-Y ¥ TRED
T%%tbfﬁlbt%@tﬁmbf%%bia&wt
=AY (N

X 73
1) BEF R, BEERE : RBEREND”, p. 93
(1979), (Je:fH).

2) BEAARBEHAREMLYER, “BREORS
BN S HTEE” p. 141 (1982), (MY 4 >
TA4T47).

3) C. Junge, C. Spadinger : Fluess. Obst., 1982, 57.

4) M. Eckert, G. Baumann, K. Gierschner : Fluess.
Obst., 1987, 54, 134.

5) G. A Harlow, D. H. Morman : Anal. Chem., 36,
2438 (1964).

6) mHEFIE, ANERE: 5L %, 23, 1522
(1974).

7) C. Horvath, W. Melander, 1.
Chem., 49, 142 (1977).

8) HHHEM, BIfi—, Skw—: 42, 31, 317
(1985).

9) V. T. Turkelson, M. Richards: Anal. Chem., 50,
1420 (1978).

10) R. H. Evans, A. W. Soestbergen, K. A. Ristow : J.

Molnar : Anal.

Vol. 39 (1990)

Assoc. Off. Anal. Chem., 66, 1517 (1983).
11) D. Tusseau, C. Ben01t J- Chromatogr., 395, 323

U%ﬂ
12) B BZH: “BRERIYFEE”, p. 47 (1986), (&
A& B ).

*

Determination of fumaric acid in commercially
available malic acids and apple drinks by HPLC.
Michio Zenki, Toshiyuki Iton and Kyoji T6kr (Depart-
ment of Chemistry, Faculty of Science, Okayama Uni-
versity of Science, 1-1, Ridai-cho, Okayama-shi,
Okayama 700)

An application of HPLC to the determination of
fumaric acid in commercially available malic acids and
apple drinks was examined. The fumaric acid was sepa-
rated on a TSK-gel 120A column (ODS Cig, 4.6 mm
i.d. X150 mm) with an eluent of 0.1 M sodium per-
chlorate-0.01 M sodium dihydrogenphosphate (pH 2.6).
The eluate was monitored with a UV detector at 210
nm. The sensitivity of the fumaric acid was quite good
and sufficient separation could be achieved within 10
min. The calibration curve between peak area and
fumaric acid concentration was linear up to 2.0X107°
M. Recoveries of fumaric acid in malic acids and apple

“drinks were in the range of 98 ~ 105% with good re-

producibilities (R. S. D., less than 1.5% ). Fumaric acid
in eighteen commercially available samples (p-, L- and bL-
malic acids and apple drinks) were determined success-
fully by the proposed method.
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