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Capillary Electrophoresis Qualitative Analysis of Polyphosphate and Quantitative Analysis of Citric Acid in Cheese

UMAKOSH]I Shuichi*, OGAWA hirofumi* and MATSUMOTO Yoshitsugu*
*Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba, 277-0882 Japan

This study concerns the qualitative analysis of polyphosphate (PP) and quantitative analysis of citric acid (CA) in cheese

using CE. Processed cheese has higher tariffs than natural cheese. Distinguishing between natural and processed cheese is

important in the correct and fair imposition of tariffs. Processed cheese has added monophosphate, PP and CA as emulsifiers.

On the other hand, natural cheese contains phosphoric acid and CA which bind with calcium from milk protein that does not

contain PP. Therefore, if PP is found in the sample analysis, it is considered as processed cheese. Identification can be made by

the amount of citric acid present in the cheese. Currently, in the PP analysis, PP is separated by paper chromatography and the

color of PP is developed using a color-developing agent; however, the process is time-consuming. We have previously

considered the analysis of PP by CE, but the separation of the peaks of CA and PA is incomplete and it is not possible to

quantify the CA. Therefore, when the adjustment method for the test solution was examined, PP and CA could be optimally

separated. In addition, when the cheese was analyzed, it was found that the 2 types of cheese could be easily classified by

performing a quantitative analysis method for lactose.
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Table 1 Amount of TCA solution for 2 g of processed cheese

4% TCA containing Internal 10 10 10
Standard used for extraction (ml)
Concentration of 1000 500 300
Internal Standard (ug/ml)
4% TCA used after extraction (ml) 90 40 20
Total 4% TCA (ml) 100 50 30
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Fig. 1 Electropherograms of Pyrophosphate (P2), Tripolyphosphate (P3), Citrate
(CA) and candidate internal standard: 1 = fumaric acid, 2 = tartric acid, MA =

malonic acid, 3 = malic acid, 4 = maleic acid, 5 = succinic acid
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Fig. 2 Effect of electrolyte pH on migration time of P2, P3, CA and MA

Fig. 3 Effect of electrolyte pH on P2, P3, citric acid, malonic acid Peaks

(100 mg/ml each)
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Fig. 4 Electropherograms of TCA extract of unwashed cheese

15

MA
10

P2 CA

absorbance

P3

42 44 46 438 50 52 54 56 5.8

Fig. 5 Electropherograms of TCA extract of cheese washed with diethyl ether
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Fig. 6 Calibration curve of CA in the solutions range of solution

Table 2 Effect of varying CA concentrations and coefficient of Variation of

CA area (n=3)

Concentration of CA
(ug/ml)

25 5 10 25 50 | 100 | 250

Coefficient of
Variation of CA area (%)

2036 | 306 | 217 | 098 | 1.92 | 0.16 | 0.86
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Table 3 Relationship between the amount of TCA solution and
the measured concentration of CA

Amount
of TCA Test sample Amount of CA Coefficient of
number (ug/g) Variation (%) n=3
(ml)
1 5.18 2.00
2 5.01 0.97
3 499 1.25
100ml 4 5.16 0.08
5 499 1.40
mean 5.07 -
CV (%) 1.69 -
1 5.16 2.65
2 4.99 2.00
3 5.40 1.78
50ml 4 5.17 3.51
5 5.10 3.02
mean 5.16 -
CV (%) 2.59 -
1 5.21 1.12
2 5.32 1.12
3 5.02 2.96
30ml 4 493 1.01
5 4.92 1.04
mean 5.08 -
CV (%) 3.14 -

CV: Coefficient of Variation

Fig. 7 Effect of varying TCA extract concentrations in Electropherograms

R: Resolution
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Table 4 Results of the recovery rate of natural cheese

Coefficient of
Added Found
Variation (%) Recovery (%)
(ug/ml) | (ug/ml
n=3
1 179.0 0.70 97.6
2 186.5 0.83 101.7
3 183.4 1919 0.33 104.6
4 189.2 1.29 103.1
5 186.6 0.72 101.8
mean 186.6 - 101.8
CV %) 2.30 - 2.30

CV: Coefficient of Variation
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Fig. 8-1 Electropherograms of various natural cheese of suspensions
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Fig. 8-2 Electropherograms of various processed cheese of suspensions
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Table 5 Results of the amount of CA in cheese

Test sample Amount of CA Coefficient of
sample
number (ug/g) Variation (%) n=3
1 0.058 1.15
2 0.060 7.34
3 0.057 1.68
Natural
4 0.055 235
cheese A
5 0.057 3.56
mean 0.057 -
CV (%) n=5 3.320 -
1 0517 1.39
2 0.531 2.06
3 0.537 2.1
Processed
4 0.533 1.05
cheese H
5 0.532 3.66
mean 0.530 -
CV (%) n=5 1.297 -
1 0.402 1.39
2 0.416 2.06
3 0.411 2.1
Processed
4 0.419 1.05
cheese 1
5 0.430 3.66
mean 0.415 -
CV (%) n=5 2.236 -
1 0.328 3.28
2 0.328 3.77
3 0.321 447
Processed
4 0.312 1.52
cheese J
5 0.304 1.99
mean 0.319 -
CV (%) n=5 2.942 -

CV: Coefficient of Variation
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