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Biosensing of benzoate in food based on the inhibitory activity 
for D-amino acid oxidase 
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Be11/0iite, a food preservative, was quantitated using a 0-amino acid oxidase (DAOD) immobilized reactor. 
The principle is based on the inhibitory activity of benzoate for D-amino acid oxidase. The measurement was 
performed I > )  a flow injection analytical (FIA) technique equipped with a pump, a damper, an injector, an 
immobili/cd c n l p e  reactor. and an electrochemical detector. The carrier solution was 50 mM phosphate buffer 
(pH 8.3) containing 2 mM 1)-alaninc and 10 pM flavin adenine dinucleotide (FAD), and the constant level of 
hydrogen p(:ro\ide produced was measured as a base line. The decrease of hydrogen peroxide by the inhibitory 
activity of hcnyoate for D-amino acid oxidase was monitored as a response. The response was dependent on the 
benzoate concentration i n  the range between 5 pM and I mM. The calibration curve produced linear line between 
responses iind common logarithm of benzoate concentration in  the range of 5 pM - 600 pM. The relative 
standard dc\ iation for nine successive injections was 1.3% for a 20 pM benzoate level. The system was applied 
to the quaniilation of benzoate in  some beverages. The sample was prepared by only dilution. which consists of 
the same composition of the carrier solution. The results were in  good agreement with those obtained by a 
conventional gas chromatogrdphic (GC) method (with solvent extraction). 
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Fig. I Schematic representation of the FIA system 
tor quamitation of benzoate 3 ^TOR;&-% 
('tirrier : 50 m M  phosphate buffer (pH 8.3) 
containing 2 rnM D-alanine; 
!)^\OD : immobilized DAOD reactor; 
I'( 11' : potentiosiat: REC : recorder 
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Fig. 2 Effect of the n-alanine concentration on the response, fig. 3 Effect of theD-alanine concentration in the carrier 

. 50 rnM phosphate buffer (pH 8.3) ; solution on the response of benzoate. 

A--A: 50 m M  p) rophosphate buffer (pH 8.3) ; Concentration of D-alanine : 0.4 m M  C), 2 m M  

U-a. 50 mM borate buffer (pH 8.3) (@I, 4 mM(A) 
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Fig. 5 Effect of flow rate on lhe response (@) and the time 
for baseline reversionm. . . 
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Fig.4 HffectofFAl~inthecarriersolutionontheresponse X ,  g)l/J-X, 7)V?> h - z  59 t---x% 
of ben/.oale. 
Carrier solution : 50 m M  phosphate buffer (pH 8.3) W t̂i 10 mM [/^)b%TÂ± %%M&!P3fc. 
containing 2 mM D-alanine and various concentration fS^i%@(= 3 1 \Tf$, Nat, K+, Mg2+, Ca2+$$^) 
of HA i 1. 
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Table I ElTcct of organic acids, preservatives and other 
I'ood cons~ituents on the sensor responses. 

Compounds Concentration Relative response (%) 

Bcn~oale 50 1 00 
Citrate mM 2.3 

5 mM 22.7 
Malate 1 mM N.D 

5 mM 2.3 
Lactate 1 mM 10.5 

5 mM 52.3 
Pbruvate 1 mM N.D 

5 mM 9.0 
Sorbitol I mM N.D 

Ethanol 0.0 1 % N.D 
0.10% 3.0 

Ascorbdie 10 UM N.D 
100 pM 6.8* 

N.D : no1 detected ; * : positive signal from the baseline, 

S E M ^ I I ,  M i % ^ i K b m ,  Ã ˆ B  LT-3 

0)751~^g (Yu-Ãˆ L - ~ ' D  U Ã #$SS 
$&T(,\S 20)s28) .  Table 2 $ % M W A k 5  
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Table 2 Effect of fatty acids, hydroxy (0x0) fatty acids 
and amino acids on the sensor responses. 

Compounds Concentration Relative response (%) 

Benzoate 50 P-M 100 

Acetate-Na I mM N.D 
10 rnM N.D 

Propionate-Na 1 mM N.D 
10 mM N.D 

n-Caproate- Na 1 mM 47.9 
Laurate- INa I mM 9.7 

D,l^2-Hydroxy- 
n-bulyric acid 1 mM 63.6 

2-Hydroxy octanoic , mM 
acid 30.9 

2-Oxobutyric acid I mM 10.2 

Glycine 1 mM N. D 
I0 rnM N.D 

L-Prol ine J rnM N.D 
10 mM N.D 

N.D : not detected 
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Table 3 Recovery test of benzoate. 

GC HA I FIA2 
Extraction Dilution Extraction 

A F R A F R A F R  
(rnM)(mM) (%) (mM)(mM) (%) (mM)(mM) (%) 

- 1.04 - - 1.05 - - 1.02 - 
0.41 1.46 100.6 0.86 1.86 97.9 0.42 1.38 96.6 
0.82 1.83 98.5 1.70 3.04 110.8 0.84 2.05 110.4 

1000 
Fig. 6 rypical FIA responses for benzoate. 

How rate : 1.0 mllmin ; Carrier 
solution : 50 m M  phosphate buffer 
(pH 8.3) containing 2 rnM o-alanine ; 
Applied potential : +0.65 V vs. AgIAgCl 
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Cola drink was spiked with benzoate. 
A : added ; F : found ; R : recovery' 

~ C b - & , M f ; t  GC %UI$&WM~C-~~L,  *t 
fZtS. -3ftY-^V) t-W (paired t-test) TO 
FIA1 (!- GC T t = -0.516 &72 LJ p<0.05 0- 

Table 4 Comparison of the FIA I ,  FlA2-methods with 
the GC method. 

- - 

GC FIA I FIA 2 
Sample Extraction Dilution Extraction 

(mM) (mM) (mM) 

Cola drink I I .039' I .017 I .027 
Cola drink 2 1.037 I .049 0.978 
Carbonated drink I .074 1.030 1.074 

Syrup 2.3 I0 2.493 2.582 
Nutrient drink 4.035 4.012 3.941 
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