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This report describes the development of solid state glutamate sensor based on chitosan. The electrode
has linearity range of 0.01–1 mM glutamate with detection limit of 0.008 mM. The presence of other
conventional food additives at physiological level does not interfere. The interfering effect is, however,
minimized through prior dilution of the sample. Recovery values of 88.9–99.2% are obtained throughout.
The proposed electrode has been applied in flow injection analysis (FIA) glutamate in food samples. In the
validation experiment, the proposed electrode is found to be comparable with the standard method.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Glutamic acid is the most studied amino acid. It is mostly found
in sea creatures, especially, fish. Hence, it is an indicator for fish
freshness. But glutamic acid is not a stable compound as it deteri-
orates fast in air. Its stable salt, monosodium glutamate (MSG),
however, is widely used as a food flavor enhancer and also as an
additive in processed, canned and packed foods. The good taste
of the food added with MSG has often caused people to consume
higher dosage of this compound. Any excess of MSG in our body
could interrupt the balance of body glutamate, a neurotransmitter,
by over stimulating brain functions. This will then produces symp-
tom such as dizziness, headache, numbness, chest pain and sweat.
Such symptom is, popularly, known as ‘Chinese Restaurant Syn-
drome’, named after an outbreak of incidence in New York Chinese
Restaurants in 1968 (<http://www.nlm.nih.gov/medlineplus/ency/
article/001126.htm>).

Chitosan, a natural polymer, is good in uptaking transition met-
als (Riccardo, Muzzarelli, & Rochetti, 1974). This is, realized, via
coordination complex formation at the secondary amine functional
group within the polymer unit. It is, commonly, known that in cos-
metic industry, chitosan is used as an ingredient for slimming (fat
remover) purposes. However, there has been no report thus far on
the uptake of fat, i.e. carboxylic acid, by chitosan. Except that chito-
san is reported capable of up taking proteins (Inoue, Baba,
ll rights reserved.
Yashizuka, Noguchi, & Yoshizaki, 1988; No, 1987; Senstad & Almas,
1986), and the reaction depends on pH (No, 1987) as well as pro-
tein – chitosan ratio (Senstad & Almas, 1986).

Various instrumental methods have been developed for the
analysis of glutamate. But the most popular analysis by far is liquid
chromatographic (LC) methods (Halmos et al., 2002; Hanko &
Rohrer, 2004; Lu, Chiu, Chang, Ho, & Chang, 2005; Qu et al.,
2002; Tcherkas & Denisenko, 2001) and electrochemical methods
(Chang, Hsu, Chen, Chang, & Chen, 2003; Chapman & Zhou, 1999;
Khampa, Meevootisom, & Wiyakrutta, 2004; Ling, Wu, Wang,
Wang, & Song, 2000; Niwa, Horiuchi, Kurita, Tabei, & Torimitsu,
1998; Oliveira et al., 2001; Ryan, Lowry, & O’Neill, 1997). In LC
method, glutamate, prior to injection into column, has to be deriv-
atized with o-phthalaldehyde in the presence of 2-mercap-
toethanol (Van Hemelrijck, Sarre, Smolders, & Michotte, 2005). It
has been reported (Tcherkas & Denisenko, 2001; Bogdanov, Tjur-
mina, & Wurtman, 1996) that glutamate does not derivative easily.
The separated glutamate is then detected by enzyme-based amper-
ometric sensors (Chang et al., 2003; Chapman & Zhou, 1999;
Khampa et al., 2004; Oliveira et al., 2001). It is obvious that LC anal-
ysis of glutamate acid is not cheap and also time consuming.
Hence, there is a need to find alternative for such analysis.

The potentiometric analysis using solid state electrode and its
advantage has been described (Cattrall, Drew, & Hamilton, 1975).
This could be the appropriate option for the standard method in
glutamate determination. The solid state electrode based on chito-
san has been used in the potentiometric analysis of iron (III)
(Guanghau, Xin, Xiaogang, & Tong, 2001).
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In this report we aim to develop the non-plasticized solid state
electrode using 2B graphite pencil rod with chitosan as coating
material. The proposed method would then be investigated for
the analysis of glutamate in food samples by flow injection analysis
(FIA).

2. Experimental

2.1. Chemicals and reagents

High-molecular weight poly (vinyl chloride) (PVC), aspartic
acid, ascorbic acid, citric acid and sodium benzoate were obtained
from Fluka Chemika (Switzerland). Analytical reagent grade so-
dium chloride, sodium acetate and tetrahydrofuran (THF) were ob-
tained from Merck (Germany). Analytical reagent grade lysine
sodium salt of L-glutamic acid and glycine were obtained from
BDH chemicals (England). All solutions were prepared using pure
water (18.2 MX cm) from Milli–Q Plus, Millipore Corp. (USA). The
pH adjustments were made with 0.1 M hydrochloric acid and
0.1 M sodium hydroxide. A stock solution of glutamate was freshly
prepared by dissolving appropriate amount of analytical grade so-
dium salt of L-glutamatic acid from BDH chemicals (England) in
pure water. The chitosan PM 100 (granular, 100 mesh) was ob-
tained from Chito Chem. (Malaysia) and was used without
purification.

2.2. Apparatus

The FIA system employed is shown in Fig. 1. Solution was pro-
pelled by a multi-channel peristaltic pump from Gilson Miniplus 3
(France) through PTFE tubing (0.8 mm i.d.). Samples were injected
into a low-pressure four way rotary injection valve model 5020,
Rheodyne (USA). The injection volume and carrier flow-rate used
were 50 ll and 2.5 ml min�1, respectively. A flow-through cell of
the wall jet design Model FIP-3 with an in-built Ag/AgCl reference
electrode was supplied by Chemflow Devices (Australia). All the
flow-cell bodies (3.5 � 2.5 cm) were made of Perspex�. Recording
of potentiometric peaks was performed on a single chart recorder;
Kipp and Zonen model BD 111 (Holland). The potentiometric mea-
surements were obtained using a pH/mV meter; model 720A from
Orion Research Inc. (USA). The high performance liquid chromato-
graph (HPLC) from Varian ProStar (USA) was fitted with column
adsorbosphere OPA HR from Altech (USA).

2.3. Pretreatment the of graphite rod electrode

The composite graphite rod, i.e. pencil lead was obtained by
completely removing the wooden outer part of the 2B pencil Sta-
bilo Micro 288 (Germany), using a sharp knife. The composite
graphite was transferred into an appropriate thimble and placed
into soxhlet extractor for 24 h continuous reflux in methanol. Sub-
 Solid state electrode 

Peristaltic pump  Ag/AgCl 

Injector  

Waste 

pH/mV meter  Recorder  

Flow cellCarrier 

Carrier 

Fig. 1. The layout of the FIA system.
sequently, the graphite was washed in 0.1 M HCI and thoroughly
rinsed with water prior to 10 min ultrasonic cleansing. The com-
posite graphite was then dried in room temperature (25 ± 3 �C)
and kept in desiccators until used.

2.4. Electrode preparation

The general procedure to prepare the heterogeneous PVC mem-
brane was adopted by mixing thoroughly 50 mg powdered PVC
and 50 mg chitosan in 2 ml of THF (Isa & Ab Ghani, 2007). The sol-
vent was evaporated slowly until an oily sludge concentrated mix-
ture was obtained. The graphite rod was, then, immersed in the
sludge mixture. The obtained solid state electrode was then kept
at room temperature, following the 1 h complete evaporation of
THF. Finally, the manufactured solid state electrode was inserted
into the flow cell and then conditioned by continuously running
in 10�6 M glutamate at pH 4 for 1 h.

2.5. Measurement of glutamate in food samples

All food samples tested were obtained from local supermarkets.
The powdered solid samples had to be treated to decompose any
available fat. This was done by pouring 1 g of the solid into 100 ml
water and then heated at �70 �C for 10 min, before cooling it of at
room temperature. The solution was later filtered through What-
man No. 1 (Khampa et al., 2004). The supernatant was, then, diluted
with pure water. (All the samples had to be diluted at least a thou-
sand times prior to injection into the FIA system. The optimum dilu-
tion of the coloured samples was obtained when the solution
became visually colourless. Thereafter, the samples were further di-
luted for the response to fall within the linear range of the standard
glutamate solution). The results obtained were compared with
those of the standard method for glutamate determination.
3. Result and discussion

3.1. Flow injection-system optimization and pH effect

It has been reported (Yang, Hibbert, & Alexander, 1998) that the
sensitivity, selectivity and peak heights of graphite solid state elec-
trode in an FIA system depends significantly on the membrane
composition, especially the plasticizers. There are also reports
(Heng & Hall, 2000 and Isa & Ab Ghani, 2007) highlighting on the
better response of the membrane without plasticizer. Hence, this
study has adopted the non-plasticizer approach a solid state elec-
trode fabrication whereby chitosan is the substrate coating mate-
rial. In another report (Zahir & Ab Ghani, 1997) from this
laboratory the graphite pencil paste is found to perform better than
the graphite pencil rod. In this experiment, however, the result is
the opposite i.e. the composite graphite rod performs better than
the composite graphite paste. The anomaly is probably due to
the structural formation of the electrode which could have an ef-
fect on fluid dynamic within the FIA flow cell. Obviously, the com-
posite rod is more rigid and compact than the composite paste.

The effects of sampling volume and carrier flow-rate on the
magnitude of the signal (as peak height) are studied by injecting
1.0 � 10–3 M glutamate into the FIA system. The utilization of big-
ger sampling volumes and lower flow rates has enhanced response.
The optimum values obtained for flow rate and sampling volume
are 1.5 mL/min and 75 lL, respectively. The pH profile of the elec-
trode in the pH range of 2–6 in a 1.0 � 10–3 M glutamate is shown
in Fig. 2. Hence, pH 4.0 is the optimum pH. At pH 7 and higher, the
peaks are broader and lower. The lowering in response is due to
competition between co-ions glutamate and hydroxyl to the site
in chitosan.
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Fig. 2. The effect of pH on the peak height (n = 3).

Table 1
Glutamate analyses by the proposed method and others

Linear range Limit of detection

Proposed 0.01–1 mM 0.008 mM
Lau and Mok (1995) 0–2.76 mM 0.007% (w/w)
Khampa et al. (2004) 0.0002–0.01 mM 0.00014 mM
Oliveira et al. (2001) 2.5–75 mM –
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3.2. Linear range and sensitivity of the assay

In most FIA experiments the composition of the carrier solution
could influence the base line stability of the electrode used. Fig. 3
shows that the selected carrier solution, 6 � 10�6 M HCl (pH 5.2)
has produced a stable base line for standard glutamate solutions
with concentration range of 10�5 M to 10�2 M. A limit of detection
(LOD) at 0.008 mM glutamate and linear range of 0.01–1 mM glu-
tamate are obtainable.

The advantages of using the proposed solid state electrode for
glutamate analysis is that it is relatively more user-friendly, robust
and at a much lower cost (Khampa et al., 2004; Lau & Mok, 1995;
Oliveira et al., 2001). Table 1 shows results of various electrodes in
Fig. 3. The FIA peak heights of standard glutamate solutions.
the literature. It shows that the result obtained by the proposed
electrode is comparable to other methods.

3.3. Specificity and interference

It is reported (Mizutani, Kimizuka, Ruddle, & Ishige, 1992) that
in the analysis of glutamate in fish and soya sauces and in the pres-
ence of high concentration of other amino acids the recovery val-
ues become impaired. This study has, however, investigated on
the recovery values of glutamate in the presence of not only other
amino acids but also food additives and preservatives. This is per-
formed by mixing 50 mmol of glutamate with 50 mmol of interfer-
ent prior to injection into the FIA system. Table 2 shows that no
significant interference is observed from the interferents tested,
indicating a high degree of specificity of the proposed method.
Thus, the electrode is then applied in the analysis of glutamate in
real samples.

3.4. Measurement of glutamate in foodstuffs

The food samples used are in powdered form. The labels on the
package have only stated that they contain MSG but without men-
tioning the exact quantity. Table 3 shows the results obtained by
the proposed and the standard method. It appears that the pro-
posed method correlates well, R2 = 0.9981, with the standard
method (HPLC). In general, the amount of glutamate available in
the foods samples is acceptable as has been stipulated by the Foods
Act and Food Regulation (Ministry of Health, 1996).
Table 2
The recovery values of glutamate in the presence of interferences

Interferences Recovery (%)a

Sodium chloride 90.1 ± 1.2
Sodium Benzoate 88.9 ± 0.7
Sodium acetate 92.2 ± 0.7
Ascorbic acid 88.8 ± 1.2
Citric acid 94.6 ± 0.7
Aspartic acid 93.7 ± 0.7
Lysine 89.9 ± 1.0
Glycine 99.2 ± 1.2

a All the values were the mean of triplicate measurements (n = 3).

Table 3
Analysis of glutamate in food samples by the proposed and the standard method
(HPLC)

Powder Sample Glutamate (%)a

Proposed method HPLC

Seasoning (Tumix from Aji-no-moto) 21.3 ± 0.4 23.3 ± 0.4
Seasoning (Seri-Aji from Aji-no-moto) 13.6 ± 0.3 14.7 ± 0.2
Seasoning (Maggi cube from Nestle) 4.8 ± 0.2 5.2 ± 0.2
Chicken soup (Knorr from Unilever) 5.8 ± 0.2 5.4 ± 0.2
Chinese soup (Maggi from Nestle) 7.8 ± 0.3 7.7 ± 0.2
Mushroom soup (Vono from Aji-no-moto) 2.8 ± 0.2 2.5 ± 0.2

a All the values were the mean of triplicate measurements (n = 3).
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4. Conclusions

A solid state electrode based on chitosan has been developed for
the analysis of glutamate. The electrode is applied for the quantifi-
cation of glutamate in food samples. However, the solution of the
sample has to be fat-free to allow better mobility of dissolved glu-
tamate ion to the electrode. The results indicate that the proposed
method is comparable to the standard method (HPLC). In general,
the proposed method is, moderately, better than the standard
method in terms of reliability, simplicity and cost.
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