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This work refers to a very easy to implementate flow injection system with potentiometric detection
for L-glutamate determination in food samples. The proposed procedure is based on measurement
of carbon dioxide produced by decarboxylation of L-glutamate catalyzed by L-glutamate decarboxylase
(E.C. 4.1.1.1.5) from Cucurbita maxima (pumpkin). The Fl potentiometric system includes an enzymatic
reactor with a length of 8 cm and thickness of 5 mm packed with 200 mg of a C. maxima outer layer
cut in to small pieces. The proposed procedure allowed L-glutamate determinations in the concentration
interval of 10—100 mmol L~ for an injected sample volume of 50 uL. A phosphate buffer (0.1 mol
L1, pH 5.5) solution flowing at 1.4 mL min—! was used as the carrier solution in the system. The
results obtained in the analysis of food samples revealed a relative error lower than 5% when compared
with those provided by the spectrophometric reference procedure. The immobilized reactor retained
its initial activity for 21 days. It was possible to measure 40 samples/h with the flow system proposed.

KEYWORDS: L-Glutamate; glutamate decarboxylase; potentiometry; flow analysis; pumpkin; Cucurbita
maxima
INTRODUCTION on enzyme extracts was revealed to be a cumbersome and

laborious procedureCucurbita maximgpumpkin) constitutes
a natural source of-glutamate decarboxylase (GAD), the
enzyme that catalyses the reaction

L-Glutamate is a biotechnological product present in different
kinds of foods that contributes to their flavor. Thus, its
monitoring is essential during food processing and fermentation
control because ingestion of high concentrations-glutamate GAD
derived from food can induce the appearance of neurological L-glutamate*m y-aminobutiratet CO,
diseases, mainly Parkinson’s and Alzheimer’'s. Testing for
glutamate in food is normally carried out using chromatographic
(2), spectrophotometri@( 3), and fluorimetric methodslj. The
proposal of automated procedures led to an additional reduction

of time, cost of anaIyS|s,.and simplified .sampI(.e pretreatment. jn,mqpilized in pieces of the outer layer and its incorporation
Therefore, some al_ternatn/_es presentgd n th? literafirrd 6) into a continuous flow system coupled to a potentiometric
resort to flow techniques with enzymatic reaction. Most of them  jatactor. The system implemented was used in the analysis of
use commercial glutamate oxidase enzymé$8(10, 13, 14), different commercial food products.
glutamate dehydrogenase (®, 12, 15), or glutamate decar-
boxylase (15,16) immobilized as columnss( 7, 10—12, 16)
or at a surface of electrode8, ©, 14).

In a previous work 16), it was evidenced that the extraction Reagents and Solutionsin the preparation of different solutions,
of glutamate decarboxylase from natural products (fruits) distilled and deionized water were used together with analytical grade
provides a low cost approach for the development of enzymatic reagents without any additional purification. To prepare a 0.1 mél L

reactors. However, the preparation of enzymatic reactors based?hosphate buffer solution, 20.6 g of sodium hydrogen phosphate was
weighed and dissolved in 500 mL of water. To this, a 0.1 mol L
sodium dihydrogen phosphate solution was added until a pH of 5.5 at
*To whom correspondence should be addressed. Te055 081 25 °C was attained. Finally, pyridoxal phosphate (PLP) (Sigma, ref
322{2&%&?;; ?g%ggépﬁgézg8k5£(ﬂéa\$?f‘l_@l;?(“g’_e'br' 9255) was added as a mediator of the enzymatic reaction o attain the
$REQUIMTE. final concentration of 10¢* mol L™ in solution. The buffer solution

§ Environmental and Quality Engineering Laboratory. described was used both in evaluation tests of enzymatic activity and

and has the advantages of reduced cost and elevated quantity.
These aspects are made evident in this work by describing the
preparation of an enzymatic reactor with the enzyme naturally

EXPERIMENTAL PROCEDURES

10.1021/jf0344791 CCC: $25.00  © 2003 American Chemical Society
Published on Web 10/25/2003



6946 J. Agric. Food Chem., Vol. 51, No. 24, 2003 Arruda et al.

(V= solutions. The rate of enzymatic reaction was lower in acetate
‘ﬁR ¢ (40%) than in pyridine buffer solution (90%). In fact, after some
€

P v |
B . I\rft L2l T@] 5 trials were performed with crude enzyme preparations, it was
. \ GE shown (18) that the inhibitory effect of acetate arises from

competitive inhibition between-glutamate and acetate by the

Figure 1. Schematic representation of the implemented flow injection active site of the enzyme. Different pH values were also tested
system. B, carrier solution; P, peristaltic pump; IV, proportional injector; for the above-mentioned buffer solutions. The maximum

ER, enzymatic reactor; GE, grounding electrode; |, indicator electrode; response was obtained at pH 5.5, where most oftharboxyl

Ref, reference electrode; W, waste; and mV, decimilivoltimeter. is present as carboxylate ion. This result confirmed previous

observations (19) in which amounts of 36 and 96% of
as a carrier in the flow system. Pyridine, phosphate, and acetate werecarhoxylate ion were found at pH values of 4.0 and 5.6,
used as alternative buffers. _ _ respectively. Using the same flow conditions, the response of
In the preparation of 0.10 mol sodiumc-glutamate solution, 1.45 the system incorporating different enzymatic reactors was
g (Sigma, ref G1626) of the product was weighed out and dissolved in evaluated. The results obtained show that an increase of the
50 mL of buffer solution. The more dilutadglutamate solutions were ) .
prepared daily from the stock solution by rigorous dilution with the C0lumn length up to 8 cm corresponded to an increase of the
buffer previously described. analytical signals obtained as a consequence of the increase of
The outer layer fronC. maximawas cut in to 2 mm pieces and was the contact time between the substrate and the immobilized
used to prepare the enzymatic column (8 ¢r.5 cm). The enzymatic ~ enzyme. Nevertheless, the use of reactors higher than 8 cm
column was stored in a refrigerator af@ until it was used. determined the decrease in intensity of the analytical signal due
To carry out the determinations in food samples, 5.0 g of different to the overlapping effect of sample dilution in the interior of
products, namely, meat softener, meat soup, and spice, was dissolvedhe reactor. Similar results were obtained by some autf2®s (
at room temperatue (25C) in 50 mL of distilled water and injected  \yhen a 10 cm length glass column witkglutamate oxidase
directly without any further pretreatment. immobilized in cellulose was used
Apparatus. The flow system[igure 1) used an Ismatec peristaltic R '
pump (model IPC-8) to impel the different solutions, equipped with ~ 1he effect of injection volume on the system response was
Tygon (0.8 mm i.d.) propulsion tubes of the same brand, replaced assessed by varying it in the range of-20 uL. After the
weekly. A two way acrylic injector was also used in the manifdi@)( column length settled at 8 cm and the flow rate settled at 1.8
The analytical signals were obtained by means of a Radelkis-OP-208/ImL min~1, several calibrating solutions containedlutamic
decimilivoltimeter equipped with a Radelkis OP-9363 carbon dioxide acid concentrations up to 60.0 mmot it was observed that
gas sensor and a Radelkis OP-0830P calomel type as a referencgthough there was an increase in substraction amount available
electrode. To register the analytical signals, a single pen Graphic 10004y reaction. the intercalation of volumes greater thanut0
(Lloyd Instruments) recorder was used. A Femto 435 spectrophotometerd(_}termined :’:m insufficient dispersion of the carrier in the sample

was employed to assesgjlutamate levels in the food samples by the . . -
conventional procedure. segment and consequently a deviation from the optimum relative

Methods. Preparation of the Enzymatic Reactéior the preparation  tO conditions of pH and enzymatic mediator available.
of the enzymatic reactor, a polyethylene column with a length equalto ~ The effect of the flow rate was also evaluated in the interval
8.0 cm (0.5 cm i.d.) was filled with square pieces with 2 mm sides of between 0.6 and 2.5 mL mif. The obtained results show that
the outer layer o€. maxima. For this, a piece of the fruit was first cut  the increase of this parameter favors the sampling rate. However,
and abundantly rinsed with distilled water. Thereafter, the outer layer 5 sjgnificant increase of sample dispersion was observed for

was sliced in square pieces with 2 mm sides and 1 mm thick and thenvalues higher than 1.5 mL iR, Hence, a flow rate of 1.4 mL

washed with phosphate buffer solution. An amount of 200 mg of these min-! was chosen as a compromise between sensitivity and

pieces was used for reactor preparation. The enzymatic columns were . L .
stored at £C in the refrigerator between utilizations. sampling rate. The optimized system enabled the attainment of

Flow and Comentional ProceduresA solution ofL-glutamate (16 a linear response of potential as a function of logarithm of
100 mmol %) was injected into the system (Figure 1) and carried by ~L-glutamate concentration in the interval of-1000 mmol L2,
a phosphate buffer stream (pH 5.5, 0.1 mot)Lat the flow rate of 1.4 corresponding to the calibration line with the equation of signal
mL min~* through the column packed with the naturally immobilized (mV) = 104.4 (+0.5)+ 44.8 (+£0.3)x log[L-glutamate (mol

enzyme. On these conditionsglutamate was converted into carbon L1 (r = 0.998). The analytical frequency of 40 sample$ h
dioxide andy-aminobutyric acid. A gas electrode enabled us to detect \as also obtained.

the concentration of carbon dioxide formed; it was the response — - . -
proportional to the logarithm af-glutamate concentration in the sample. Kinetic Enzyme Characterization. Using the optimized flow

The flow system implemented and optimized was applied to the analysis system, a_ double replprocal plot Of_ activity vs SUbsFraCt
of food products, and the results obtained were compared with those cONcentration was carried out to determine the apparent Michae-
provided by the application of the conventional method to the same lis Menten constantKy ) and the maximum enzymatic rate
samples. This method consisted of the spectrophotometric determination(Vmay) (Figure 2). The values obtained for these two parameters
of L-glutamate at the wavelength of 494 nm, based on the use of were 1.83x 10* umol min~* mg~! of protein and 6.25 mmol
immobilizedL-glutamate dehydrogenase from a commercial kit for food [ —2, respectively. When compared with other publish&gl

analysis (19). values (21—26) and not considering that this was evaluated
under flow conditions, in this work, it could be concluded that
RESULTS AND DISCUSSION only Osuiji (24) reported a higher value (7.7 mmot).for the

Flow System Optimization. First, the effect of different ~ enzyme extracted fromrrachis hypogaegpeanuts). This result
carrier buffers, namely, pyridine, phosphate, and acetate, on theindicates lower affinity of the enzyme for the considered
activity of the immobilized column was carried out by injecting Substrate. Relative to théyaxfound, it could be concluded that
60 uL of a 50 mmol Lt glutamate solution into the system at it is 100 times higher than that reported for glutamate decar-
a fixed flow rate of 2 mL min. The best performance for the boxylase extracted frorzscherichia coli(21).
enzyme was obtained by using phosphate buffer (0.1 mél L Application to Analysis of Real Samples.The developed
pH 5.5) for which a maximum relative response (100%) was flow procedure was applied to the analysis of food products,
obtained when compared with those given by the other buffers and the results obtained were compared with those furnished
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