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Benvzoute, a food. preservative, was quantitated using a D-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 by a flow injection analytical (FIA) technique equipped with a pump, a damper, an injector, an
immobilized cnzyme reactor, and an electrochemical detector. The carrier solution was 50 mM phosphate buffer
(pH 8.3) containing 2 mM D-alanine and 10 uM flavin adenine dinucieotide (FAD), and the constant level of
hydrogen peroxide produced was measured as a base line. The decrease of hydrogen peroxide by the inhibitory
aclivity of benzoate for D-amino acid oxidase was monitored as a response.  The response was dependent on the
benzoate concentration in the range between 5 uM and | mM.  The calibration curve produced linear line between
responses and common logarithm of benzoate concentration in the range of 5 uM — 600 uM. The relative
standard deviation for nine successive injections was 1.3% for a 20 pM benzoate level. The system was applied
to the quantitation of benzoate in some beverages. The sample was prepared by only difution, which consists of
the same composition of the carrier solution. The results were in good agreement with those obtained by a
conventional gas chromatographic (GC) method (with solvent extraction).
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Scheme | Principle of the quantitation system.
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Y7 —B&(F HPLC BRIFRYZ CCPM (b~
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Fig. | Schematic representation of the FIA system
for quantitation of benzoate
Carrier : 50 mM phosphate buffer (pH 8.3)
containing 2 mM D-alanine;
DAOD : immobilized DAOD reactor;
POT : potentiostat: REC : recorder
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Fig. 2 Effect of the D-alanine concentration on the response.

©--® : 50 mM phosphate buffer (pH 8.3) ;
A--4A: 50 mM pyrophosphate buffer (pH 8.3) ;
B3 50 mM borate buffer (pH 8.3)
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Fig. 3 Effect of the b-alanine concentration in the carrier
solution on the response of benzoate.
Concentration of D-alanine : 0.4 mM @), 2 mM
®), 4 mM(4)
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Fig. 4 Effect of FAD in the carrier solution on the response
of benvzoate.
Carrier solution : 50 mM phosphate buffer (pH 8.3)
containing 2 mM D-alanine and various concentration
of FAD.
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Fig. 5 Effect of flow rate on the response (@) and the time
~ for baseline reversion(@.
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BeA A, CI, CO;y, NO;, SOFTEDEA F >
(TEICT MM LRIVTIZFEAERZBIZ B>
Table 1 ICHEBRUMMBOREN, T4 /-
FDHEOEEICDVWTERY. IV, U
I8, B EIECBRFOFHERIL 1 mM L
RN TETOHENROHLNDZBDBH o1,
YIVER—=I, rERBF L REBEBBRITFILE
DREHEIFZE Lo/, T/ —IIZDN
TlE 0I%BETIZEAEHEIZ Moz, 7RO
JWEVEEZ 10 uM L X)L ETREII LD o 1218,
100 uM TR =S4 VIZH L TIE (38m) o
EB%E#52/. ZFRAIEVBIRY AL A0
Ty O ABEHHEEEBLASEBET
BEBILEZ(TR-ODOHERRETERN
bOLYlETEN, FRINECYBESUEAIC
DNVTI(E ASOD-spatula (7 R EBAF
DE—CANFaT) CLDBENBRICELUN
METBIEENEFLWNEEZOSNE ¥ F
2, BRBBEOBETOWHERFRICLYMLT
EBLANNEHIEEN. —F, DAOD (Cxtd
SR, BEYMEEL L TREEEZITITRL

Table I Elicct of organic acids, preservatives and other
food constlituents on the sensor responses.

Compounds Concentration Relative response (%)
Benzoate 50 M 100
Citrate I mM 2.3
5mM 227
Malate | mM N.D
. 5mM 2.3
Lactate ' mM 10.5
5 mM 523
Pyruvate I mM " N.D
5 mM 9.0
Sorbitol I mM N.D
Ethyl-p-hydroxy-
benzoate o I mM N.D
Ethanol 0.01% N.D
0.10% 3.0
Ascorbate 10 uM N.D
100 uM 6.8*

N.D : not detected ; * : positive signal from the baseline.

feRhEsE, BB GLEY, BELLT—H
DFI/BE (FVLy, L-7Rury) B#s
ENTND 2028 Taple 2 HSBESMELD
2, ULy, 70U VICEDEREELTO
FOEEZ 10 mM URIVETIZEALETEDH SN
oS, IRRFEEE, BEMERBRBLEYMIEX
EREEMERLGELARZ I EBRHONE
FEFBBERILEMIRRPICERELAEFEL
BRWOTERTEIbDEZZ NN, B
BEZBIIEURGDIBEEIHRICK > THAL
FRETHY, R-BMBICLDALENILE
EEZONT.

Table 2 Effect of fatty acids, hydroxy (oxo) fatty acids
and amino acids on the sensor responses.

Compounds Concentration  Relative response (%)
Benzoate 50 uM 100
Acetate-Na I mM N.D
10 mM N.D
Propionate-Na I mM N.D
10 mM N.D
n-Caproate-Na I mM 47.9
lL.aurate-Na 1 mM 9.7
D,L-2-Hydroxy-
n-butyric acid I'mM _63‘6 ‘
2-Hydroxy octanoic | mM 30.9
acid
2-Oxobutyric acid 1 mM 10.2
Glycine | mM N.D
10 mM N.D
L-Proline | mM N.D
10 mM N.D

N.D : not detected

35 REIR BIREM, TEURVEREER
R FIA-gram % Fig. 6 [CR9. REE
BOILEL Fig. 2 OLS ICHEBEMNRTHS71=0
BERELTE, BEOMEBIIHLTEREE—
o700y PLTHERLE. TORE, 5uM ~
T mM QR TEEKFENLZEHERL, 5 uM
~ 600 uM DFEH TEEERMNATETH > 7.
/-, FOBRBIERE 2 uM (S/N=3) TH-o 7.
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Fig. 6 Typical FIA responses for benzoate.
Flow rate - 1.0 ml/min ; Carrier ‘
-solution : 50 mM phosphate buffer
{pH 8.3) containing 2 mM D-alanine ;
Applicd potential : +0.65 V vs. Ag/AgCl

fd, ERTL Y = 0.607X + 0.309 (HEEEL
r=0.996,n=8) ; Y:E—2FHiuA), X:log [&
BEBEEW] Thok. £h, 20 uM (S
BI5IEDRYELNEDERREKIT 1.3%
THhotk ErY—mKERIE-—IIASLENUN
SER—R54 VER (REER) ETH2HT
HY, 130 REDIHNERETH 1.
%4 ) 7 —FRIC 10 uM LAJLO FAD &7
MITBLIckyY, 8 BEADHETRER—RS
4 DETERHONE M7= LHLENS,
BHOMETHE, HRIAFIvo LY POR
SERSES SN, WIEMTEREY TV —
EEHITHLENH I,
BMENREEHET 2 BREOEBETAMLT,
FTOEREEFROMICLSD FIA (FIA), H&-

R /FIA (FIA2), B-RMH/GC TLEE L
7=. Table 3 ML DI, FIAT KB FIA2 |2 GC
FHEIFIFREDORIEERL .

Table 3 Recovery test of benzoate.

F1A2
Extraction

FIAI
Dilution

GC
Extraction
A F R A F R A F R
(mM) (mM) (%) (mM) (mM) (%) (mM) (mM) (%)

- 1.04 - - 105 - - 102 -
041 1.46 100.6 0.86 1.86 979 042 138 96.6
082 1.83 985 1.70 3.04 110.8 0.84 2051104

Cola drink was spiked with benzoate.
A :added ; F: found ; R : recovery

36 REMADERAEL GCIEHEEDLE
HEOFRGH, BREBPOREETHEL
A FIA DRTFATERL, GC EICELZERE
LU /=. Tabled WSBES ML DIT, RFIA
[CLBERT GC ZDHERERTFIZT—HL, M
[CIRo =T —% D t-4&8E (paired t-test) Tl
FIA1 & GC Tt = -0.516 &7 Y p<0.05 D&
E (tOBERMEt = 278) TENTIhOFEDNE
ZAHEHREICHEEAEIROWEHESNE.
%, FIA2 & GCICDNTHt = -0.334 &z Y
SERERRDOENEM . LEDSST, B
BEOEHEBZEEFAVEHTHE, Fv U7 —
BRICELDHERDHBTAEH FIA VATLATRESE
BOEENTRETH S ENEREINE.

Table 4 Comparison of the FIA |, FIA2-methods with
the GC method.

GC - - FIA | FIA 2

Sample Extraction  Dilution Extraction
: (mM) (mM) {mM)
Cola drink . 1.039 1.017 '1.027
Cola drink 2 1.037 [.049 0.978
Carbonated drink 1.074 1.030 1.074
Syrup 2310 2.493 2.582
Nutrient drink 4.035 4.012 3.94|
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