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Quantitative Analysis of Citrate in Foods Using a
Potentiometric Enzyme Biosensor

Ji-Young Kwon and Meera Kim*
Department of Food Science and Nutrition, Kyungpook National University

Abstract Potentiometric biosensor using flow injection analysis system was developed to determine citrate concentration in
foods. Biosensor system consisted of sample injector, peristaltic pump, enzyme reactor, carbonate ion selective solid-state
electrode, reference electrode, detector, and recorder. Enzyme reactor was prepared with immobilized citrate lyase and
oxaloacetate decarboxylase. Carbonate ions produced through enzyme reactions of citrate were potentiometrically detected by ion
selective electrode. Optimum conditions for biosensor system were investigated. Interference effect of major sugars and organic
acids was less than 5% on citrate biosensor system. Citrate concentrations in fruit juices were determined by biosensor and gas
chromatography. No significant difference was observed between two analytical methods. Results indicate citrate biosensor is

useful in determining citrate concentration in foods.
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Fig. 1. Schematic diagrams of the solid-state type carbonate ion
selective electrode.
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Fig. 2. Scheme of the citrate biosensor with FIA system. a: carrier buffer 1, b: carrier buffer 2, c: peristaltic pump, d: sample injector, e:
enzyme reactor, f: mixing coil, g: carbonate ion selective electrode, h: reference electrode, i: detector (pH/mV meter), j: recorder.
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Table 1. Operating conditions of gas chromatography for
determination of citrate

Instrumental conditions

Instrument DS 6200 Gas chromatography
Column Glass column
Packing materials (Chrom-M-AQw)
Detector Flame Tonization Detector
Injection volume 2 uL
Temperature Column; 15 min at 100°C
Programmed rate, 1.5°C/min
30 min at 240°C
Injector; 240°C
Detector; 260°C
Carrier gas N, gas, 30 mL/min
Chart speed 0.3 cm/min
Range 2
Attenuation 3
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Fig. 3. Effect of the enzyme immobilization methods on the
citrate biosensor. Each point is a mean for four replicates. Carrier
buffer 1: 0.1 M Tris-H,SO, (pH 7.5), Carrier buffer 2: 0.6 M Tris-
H,SO, (pH 11.0), CL: 10 units, OD: 60 units, glass beads (0.3 g),
flow rate: 12 mL/hr.
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Fig. 4. Effect of the amount of enzymes on the citrate biosensor.
Each point is a mean for four replicates. Carrier buffer 1: 0.1 M Tris-
H,S0, (pH 7.5), Carrier buffer 2: 0.6 M Tris-H,SO, (pH 11.0), glass
beads (0.3 g), flow rate: 12 mL/hr.
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Fig. 5. Effect of the amount of glass beads used for the enzyme
immobilization on the citrate biosensor. Each point is a mean for
four replicates. Carrier buffer 1: 0.1 M Tris-H,SO, (pH 7.5), Carrier
buffer 2: 0.6 M Tris-H,SO, (pH 11.0), CL: 10 units, OD: 60 units,
flow rate: 12 mL/hr.
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Fig. 6. Effect of the pH of carrier buffer 1 on the citrate
biosensor. Each point is a mean for four replicates. Carrier buffer 2:
0.6 M Tris-H,SO, (pH 11.0), CL: 10 units, OD: 60 units, glass beads
(0.3 g), flow rate: 12 mL/hr.
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Fig. 7. Effect of the flow rate of carrier buffer 1 on the citrate
biosensor. Each point is a mean for four replicates. Carrier buffer 1:
0.1 M Tris-H,SO, (pH 7.5), Carrier buffer 2: 0.6 M Tris-H,SO, (pH
11.0), CL: 10 units, OD: 60 units, glass beads (0.3 g).
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Fig. 8. Calibration curve of citrate solution in the citrate
biosensor under the optimum conditions. Each point is a mean for
four replicates. Carrier buffer 1: 0.1 M Tris-H,SO, (pH 7.5), Carrier
buffer 2: 0.6 M Tris-H,SO, (pH 11.0), CL: 10 units, OD: 60 units,
glass beads (0.3 g), flow rate: 18 mL/hr.
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Table 2. Evaluation of the possible interference of various
components in the determination of citrate

Additive Concentration (mM)  Response (%)
Blank (Citrate) 10 100
Glucose 5 100
Sucrose 5 100
Fructose 5 100
Malic acid 5 109
Ascorbic acid 5 91.0
Pyruvic acid 5 100
Tartaric acid 5 109

Table 3. Comparison of biosensor and gas chromatography
method for citrate determination of various fruit juices

. Biosensor GC L
Juice - - ; Significance
Citrate concentration (M)"

Apple 2.1x102+£0.0093 1.5x 102+ 0.0001 NS§?
Carrot  2.0X102+0.0025 1.9x1072%0.0006 NS
Tomato 2.2 x 102+0.0161 2.0 x 102+ 0.0018 NS
Strawberry 1.7x 102+0.0003  1.5x 1072+ 0.0003 NS

YMeans £ SEM (n = 4).
INS: not significant (p > 0.05).
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Citrate lyase(CL)%t oxaloacetate decarboxylase(OD)E 1% 213}
o &4 w7 |E AZsta @aukgo g AMAE carbonate iond
jon selective electrodeS ©]-&3t MR FIA systemZ 2%
ghE st FRE ST HE AlX A" 24
& CL ODE 2o IASAIE WHeE CLY 0D %ol
Z}Z} 10 units, 60 units, FA FS 03¢, carier buffer 1(0.1M
Tris buffer)e pH 7.5, carrier buffer?] F4-2 2mL/hro=E 2%
HAck A oMo AEAFFAAL 107 M-10° M Hd)
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