Available online at www.sciencedirect.com

o science (@hormeer Talanta

LSVIE Talanta 65 (2005) 396-401

www.elsevier.com/locate/talanta

Sequential fluorometric quantification of malic acid enantiomers by a
single line flow-injection system using immobilized-enzyme reactors

Tadayuki Tsukata#i*, Kiyoshi Matsumot8

a Biotechnology and Food Research Institute, Fukuoka Industrial Technology Center, Kurume 839-0861, Japan
b Division of Food Biotechnology, Department of Bioscience and Biotechnology, Faculty of Agriculture,
Graduate School Kyushu University, Fukuoka 812-8581, Japan

Received 14 April 2004; received in revised form 11 June 2004; accepted 11 June 2004
Available online 7 August 2004

Abstract

Amethod for the sequential enantiomeric quantification-ofalate and-malate by a single line flow-injection analysis was developed using
immobilized-enzyme reactors and fluorescence detection. An immobilizadlate dehydrogenass-MDH) reactor and an immobilized
L-malate dehydrogenaseDH) reactor were introduced into the flow line in series. Sample and coenzyme(NARADP) were injected
into the flow line by an open sandwich methoeMalate was selectively oxidized byMDH when NAD"™ was injected with a sample. When
NADP™ was injected with a sample;malate was oxidized only hyMDH. NADH or NADPH produced by the immobilized-enzyme reactors
was monitored fluorometrically at 455 nm (excitation at 340 nm). Linear relationships between the responses and concemntrataagof
andr-malate were observed in the ranges 0f 10°°-1 x 10-*M and 1x 10°5-2 x 104 M, respectively. The relative standard deviations
for ten successive injections were less than 2% at the 0.1 mM level. This analytical method was applied to the sequential quantification o
p-malate and.-malate in fruit juices and soft drinks, and the results showed good agreement with those obtained using conventional method
(F-kit method).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction with chiral stationary phase columfiz-4] and the ligand-
exchange mode on a normal colurf+7]. A method for
A racemic mixture of malic acid is approved for use as a quantification of malic acid enantiomers in apple juice by
food additive and is used mainly as an acidulant. Although HPLC has been reportd8], but it requires a specific post-
food additives can be legally used in food products provided column reaction and is time consuming. As is well known,
that they are declared on the label, the possibility of adulter- food is a complex mixture of many compounds, the concen-
ative addition of synthetioL-malic acid cannot be absolutely  trations of which are continuously changing. Therefore, high
ignored in the production of fruit juices such as apple juice. specificity and rapidity are required for the analysis of food.
Of the two enantiomeric forms of malic acig;malic acid Enzymatic quantification is a suitable method to meet this
occurs naturally. On the other hangimalic acid is found demand. The combination of a biosensor and flow-injection
in appreciable concentration only in the metabolism of some analysis (FIA) constitutes a powerful technique for the quan-
micro-organisms. Therefore, the detectionpefalic acid tification of food components with rapidity and specificity
shows the adulteration with synthetic-malic acid[1]. [9,10].
Malic acid enantiomers have been simultaneously quan-  In most enzymatic assays obimalate, the.-malate dehy-
tified by high performance liquid chromatography (HPLC) drogenasei-MDH) [EC. 1.1.1.37] reaction is used. How-
ever, the equilibrium lies very far in the directioniofnalate
* Corresponding author. Fax: +81 942 30 7244, formation in the neutral pH region. Therefore, itis necessary
E-mail addresstukatani@fitc.pref.fukuoka.jp (T. Tsukatani). to shift it in favor of NADH formation by removing the
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reaction products; oxalacetate is trapped with hydrazine or byfrom Roche (Basel, Switzerland). NAD and NADP*

the glutamate oxalacetate transaminase reagtibh Since were purchased from Oriental Yeast (Tokyo, Japan). 4-(2-
suchtrapping reactions are relatively slow, their use is not rec- hydroxyethyl)-1-piperazinylethanesulfonic acid (HEPES)
ommended for FI412]. Contrastively, the NADP-specific was bought from Dojindo (Kumamoto, Japan). All other
L-malate dehydrogenase [EC. 1.1.1.40] reaction proceeds inchemicals were of analytical reagent grade and were used
the direction of pyruvate production in the neutral pH region without further purification.

[13]. Thus, we decided to use NADPspecificL-MDH for

the quantification of.-malate. The>-malate dehydrogenase 2.2, Preparation of immobilized-enzyme reactor

(p-MDH) reaction also proceeds in the direction of pyruvate

formation in the presence of NADin weakly alkaline con- APCPG (0.12g of dry weight) was used as the support
ditions[14]. It is thought that both enzymes can be applied for the enzyme immobilization.-MDH (8 U) or p-MDH (7
to FIA for the quantification ob-malate and.-malate. U) was immobilized on APCPG as reported previoyih.

We developed a method for the sequential quantification The enzyme-immobilized support was packed into a glass
of malic acid enantiomers by a single line FIA using column (2.0mm i.dx 10cm). The enzyme immobilization
immobilized-enzyme reactors and fluorescence detection.was carried out in 0.1 M phosphate buffer (pH 7.0). The en-

An immobilizedp-MDH reactor and an immobilized- zyme reactor was stored in the coupling solution & Sintil
MDH reactor were introduced into the flow line in series. use.

The principle of this method for the sequential quantification

of p-malate andi-malate makes use of the immobilized- 2.3. Flow system

enzyme reactors in a single line, the NADH or NADPH

produced being monitored fluorometrically:-Malate was A schematic diagram of the FIA system for the sequential

selectively oxidized by-MDH when NAD' was injected quantification ofo-malate and.-malate is shown ifFig. 1

with a sample. When NADP was injected with a sample,  The carrier solution in the reservoir was propelled by a micro-

L-malate was oxidized only y-MDH. This method forthe  tube pump (MP-3, Tokyo Rikakikai, Tokyo, Japan) through

sequential quantification of malic acid enantiomers is basedan air damper, a sample injection valve (10-way switching

on the following reactions: valve, Select Pro, Alltech, KY, USA), a mixing coil (50 cm),

the immobilized-enzyme reactors, then transported to a spec-

trofluorometer (Scanning Fluorescence Detector 470, Wa-

ters, Milford, MA, USA) with a flow-through cell connected

L-MDH to a recorder (FBR-251A, TOA, Tokyo, Japan) and finally

L-malate + NADP* @— pyruvate + CO, + NADPH + H"  (2) to a waste tank. The sample flow system consisted of an-
other micro-tube pump connected to sample injection valve
(10-way switching valve) equipped with sample loops. The

D-MDH
D-malate + NAD* @—® pyruvate + CO, + NADH + H* 6]

2. Experimental sample and the coenzyme (NADr NADP') were injected
by an open sandwich method in order to save coenzymes.
2.1. Reagents In this injection mode, sample (%0) and coenzyme (5Ql)

were injected into zones next to each otfi&,17]as shown
L-Malate dehydrogenaseL-(MDH, oxalacetate-decar- in Fig. 2 Then, the sample and coenzyme were transported to
boxylating, EC 1.1.1.40, from chicken liver) and theimmobilized-enzyme reactors with being mixed. By a six-
aminopropyl-controlled pore glass (APCPG, 80-120 way switching valve (MPV-6, GL Science, Tokyo) fig. 1,
mesh, mean pore diameter 78D were bought from the line for the coenzyme was switched between NAdnd
Sigma (St. Louis, MO, USA)p-Malate dehydrogenase NADP*. Fluorescence intensity was measured at an exci-
(p-MDH, EC 1.1.1.83, fronEscherichia coli was obtained  tation wavelength of 340 nm and emission wavelength of

(=]
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Fig. 1. Schematic diagram of the flow-injection system for the sequential quantificatiermaiate and.-malate. P: micro-tube pump (carrier solution,
1.5mlmir1); AD: air damper; |: injector (10-way switching valve); MC: mixing coil (50 cm)MDH: immobilizedp-MDH reactor (2.0 mm i.dx 10 cm);
L-MDH: immobilizedL-MDH reactor (2.0 mm i.dx 10 cm); V: switching valve (six-way switching valve); FD: fluorescence detector; R: recorder; W: waste.
Inner diameter of tube is 1.0 mm.
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