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Development and Validation of Analytical Method for
Determination of Biphenyl Analysis in Foods

Jung-Bok Kim, Myung-Chul Kim, Sung-Woan Song, and Jae—Wook Shin

Korea Advanced Food Research Institute

ABSTRACT Biphenyl is used as an intermediate in the production of crop protection products, a solvent in pharma-
ceutical production, and as a component in the preservation of citrus fruits in many countries. Biphenyl is not authorized
for use and also does not have standards or specifications as a food additive in Korea. National and imported food
products are likely to contain biphenyl. Therefore, control and management of these products is required. In this study,
a simple analytical method was developed and validated using HPLC to determine biphenyl in food. These methods
are validated by assessing certain performance parameters: linearity, accuracy, precision, recovery, limit of detection
(LOD), and limit of quantitation (LOQ). The calibration curve was obtained from 1.0 to 100.0 pg/mL with satisfactory
relative standard deviations (RSD) of 0.999 in the representative sample (orange). In the measurement of quality control
(QC) samples, accuracy was in the range of 95.8 ~104.0% within normal values. The inter-day and inter-day precision
values were less than 2.4% RSD in the measurement of QC samples. Recoveries of biphenyl from spiked orange
samples ranged from 92.7 to 99.4% with RSD between 0.7 and 1.7% at levels of 10, 50, and 100 pg/mL. The LOD
and LOQ were determined to be 0.04 and 0.13 pg/mL, respectively. These results show that the developed method
is appropriate for biphenyl identification and can be used to examine the safety of citrus fruits and surface treatments
containing biphenyl residues.
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Table 2. List of non-permitted preservative in Korea

List of preservative Korea
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Dehydroacetic acid

Sodium sorbate

Potassium propionate
Hexa-methylene-tetramine

Butyl p-hydroxybenzoate

Heptyl p-hydroxybenzoate

Sodium ethyl para-hydroxybenzoate
Sodium methyl para-hydroxybenzoate
Isopropyl p-hydroxybenzoate
Isobutyl p-hydroxybenzoate

Propyl p-hydroxybenzoate

n-Heptyl p-hydroxybenzoate
Biphenyl; diphenyl

Boric acid

Sodium tetraborate

Dimethyl dicarbonate
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o F+E3 - AAEYVIE ol&sto] AAdd] F At
3 P Ke:

5 veke 10 mLE A&d5e] HPLCY 35k

Biphenyl 5% 0.1 g& AU3] go} ]F’]O}*ﬂ H o] Eo

=] 100 mLA 2 o 5 7F Ao shal 7 &
A& Hste] 1~100 mg/L7}F H =% f‘fﬁf& s AF

A xmEgdoez gl
A& 59| biphenyl #42 93] HPLC-PDA(High Per-
formance Liquid Chromatography PhotoDiode Array
Detector, Nanospace SI 2 HPLC System, Shiseido Co.,
Tokyo, Japan)& AR&3slglom, Z¥ 2 Capcellpak UG
120 Cig(4.6 mm>250 mm, 5 ym, Shiseido Co.)& ©]-&3}
0313]- o] 542 solvent AT phosphoric acid 25 mM< &
ol &1, solvent BE phosphoric acid 25 mM< o}
H]EL] Edo] o] AL&3le] gradient® #4131 h UV
T 9L 230 nm, &8 25 40°C, %52 1.0 mL/
ming ©]-&3}3tH(Table 3).

Table 3. Instrumental conditions of biphenyl

qE F s 2y

Column Capcellpak UG 120 Cys
(4.6 mm X250 mm, 5 pum)
Detector PDA (230 nm, scan 200~600 nm)

Mobile phase A: 25 mM phosphoric acid in DW
B: 25 mM phosphoric acid in 95%

acetonitrile

<Gradient condition>

Time (min) A (%) B (%)

0.0 30 70
11 30 70
11.1 10 90
15.0 10 90
15.1 30 70
20.0 30 70

Flow rate 1.0 mL/min

Injection volume 10 pL

Column temp. 40°C
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Method validation
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Fig. 1. Chromatogram of standard and sample. (A) biphenyl
standard (20 pg/m), (B) spectrum of biphenyl standard, (C) chro-
matogram of sample (orange juice, Japan), (D) chromatogram
of sample (grapefruit), and (E) chromatogram of sample (lemon
juice).

3} biphenyl®] 7 =4
9 1d4S Belon, 33
A 242 w9 AUEE 0.2~6.7%, 4

2

Y,

ofi

2,

[o

O o
o

ol

ol

2,

> 0
8]

o

N,

do ooy Sk

et

S matrixdl] ZTEEEE HJUEe ZFA W

37141 5, 50, 100 pg/mLe] FE=E o]

3}‘:’4 AU (17D, €7H3EY7h ddx=et g
574 A3} 5, 50, 100 pg/mLe] 5=

& X e
N Mo =
T
oz M2
AL o =
ft gug
w1
n
ofp
ol
o

ol
Ll
Ay
o
_0|L

Conc. (pg/mL, n=3)

1 5 10 50 100 R’ Slope Intercept

1d 0.8 47 10.1 51.7 99.1 0.9990 75632.3 44943 3

2d 0.9 49 103 51.0 99.5 0.9990 74406.4 43216.6

3d 0.9 47 10.1 51.7 99.1 0.9990 75617.8 58071.8

Mean 0.9 4.8 10.2 51.5 99.2 0.9990 75218.8 487439
Precision (%) 6.7 24 1.1 0.8 0.2
Accuracy (%) 86.7 95.3 101.7 102.9 99.2




A oalEd A A ) fEAd A 463

Table 5. Result of accuracy and precision in intra and inter-day

Conc. (ug/mL, n=3)

Parameter 5 50 100

Intra Mean 4.8 52.0 98.7
da Precision (%) 1.9 1.6 0.7
Y Accuracy (%) 95.8 1040  98.7
Inter Mean 4.8 51.2 98.8
da Precision (%) 1.7 1.6 2.4
Y Accuracy (%) 96.7 102.4 98.8

Table 6. Result of recovery and limit of detection (LOD) &
limit of quantitation (LOQ)

Biphenyl
No. (Conc. pg/mL, n=3) (L?nll)L) (LS)H?L)
10 50 100 ‘M He
1 101 513 986
2 10.1 518 993
3 98 529 980
Mean 100 520 o9g7 004 013
RSD (%) 18 16 07

Recovery (%) 994 953 92.7

of sl U= 0.7~1.9%, F3HE= 95.8~104.0%2 3
A=) ek L7k 5, 50, 100 ng/mLe] skel i) Fddes=
1.6~2.4%, A EE 96.7~102.4%% 31 F A Table 5).
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8% olslolal, 3] FE2 92.7~99.4% = FSH AT
A= 0.04 ug/mL, A A= 0.13 ug/mLE SA4H
(Table 6).
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