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of dibutyl phthalate in food
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Abstract: In this study. 4-aminophthalic acid was used to synthe-
size hapten Dibutyl 4-aminophthalate by esterification reaction.
and the synthesized hapten was coupled with keyhole limpet he-
mocyanin (KLH) by diazotization reaction to prepare the immune
antigen and coupled with bovine serum albumin (BSA) to prepare
the coating antigen. The New Zealand white rabbits were immu-
nized to obtain the antiserum against dibutyl phthalate. An
competitive  enzyme-linked immunosorbent

indirect assay
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(ELISA) for dibutyl phthalate was established using the purified
antibodies. For the developed ELISA, the ICs was 40.68 pg/L
and the limit of detection was 1.98 pg/L. The method was applied
to detect liquor, milk and edible oil samples, and the recoveries
ranged from 84.57% to 102.40%. There was a good correlation
(R?=0.990 8) between the this ELISA and gas chromatography-
mass spectrometry ( GC-MS) for the detection of DBP in the
spiked samples. The method established in this study can be ap-
plied to the rapid detection of dibutyl phthalate in food.

Keywords: dibutyl phthalate; polyclonal antibody; enzyme-linked

immunosorbent assay; food analysis
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0.3 mg/kg, GB 6675.1—2014 t#i & JL 3 Hr 2 L& 3
=R AR R — T R (DBP) (RBF —WHR T A%
fis (BBP) 148 2 — B iR (2- 2. 3%) C. g (DEHP) ¥ Jit & &
B SR T 0.1% .

Xof 4B 2R U HE R R AT R 3 R B
N W £ 8 A /T L SIS/ /1 £ N IR0 N
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FAFL I 3 2K (1 (KLHD (2R i 7 8 11 (BSA) LI IR 56
AR BB RN 58 A4 7 - 3£ [ Sigma A ] 5

MEPERTVE 2 KA S 3 A RE 1.5 kg, Jb 50 45
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1.1.2 FEUBEH

A4k & 5. Milli-Q Integral #1, 3 [# MILLIPORE
ANEIR

YEMHL : MTS 2/4 digital £, 2 E BIO-RAD 2\ 5

liEFRAY : F200 PRO Y, 2% [ Thermo 2 ) ;

AL . 731-8300 B, 25 [{ BIO-RAD A # 5

S3HTRAFBL610 T, 28 2 B AL 2% (AL 50 R A R
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2 48 43 56 6 B 3. Evolution 300 %, 28 Varian
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1.2.1 A-HEHFE_FR TR DBAP WA RS K&
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FHH],120 CRIGR M 6~7 h,
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1 mol/L ) NaNO, 7 (5~10 L) 78 3 B il A £ 328 48 48
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fife s B IR IR TR ER L mA 1 mol/L 9 & & 1k 44
VR, VR pH (4R R AE 9.0~ 9.5, V5 W8 Wi 8 g 1 41
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Jon 3R G g v A B TGO 5 4 A R AR B IR 8 2 AL
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B 37 CT#E 3 h, Witk 3 WL IEWEA BT B A
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5L EL A 100 pl WIEY B AW, 37 CHF
10~20 min, I A% 1k 50 pL. A B AR {0 5@ H 7E
450 nm NI EAE .
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FE 1 AEAT H ICso {55 /N A S 53 38 PV
(3) 4B W IR — T [k £ v B b 14 [/ 45 3% 4+ ELISA
TRl 2 00 G ST AR S AR SR AR R R T ER AR
HER M 5 000 pg/L H b, DL 3 f5 55 R B 10 AWk 2 M
B EAT IR 5 4 ELISA W8 . DA4B 2K — H iR — T B Ax
TV Wk B2 Ry 1 A A I R S Ak A, JH Origin 9.1 22
B o Y 2 HE AT 40 IR AT ICs A IC s I fH .
1.2.6  FpSrEE BEIARR W R R AR
R BRI B BRI 5T W%
18 Fifr &0 28 — FH R — T TR 19 445 4 28 Bl R A 58 LR N 1
E 5 LATTAR A28 — W ER — T R 40 44 19 R 53 L 58 SR I
(CR) /N T 36 B BT AT 12 B b ) 1 8 5 M 8 CR 4
(D5
ICs, (DBP)
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DBP 45 ¥4 2 {9 1 ¥ B ng/ L
1.2.7 B RE

(1) A0 2 mL [0 & PBS # B 3 M55 A
F R

(2) 45 2 mL A WREF L IMA 3% =H L.
DURE R W s B 8 5. 6 000 r/min &0 10 min, BU_E
WL mA 1 mol/L ) NaOH ¥ 35 pH {§ & " . H PBS #i
B2 A% )5 TR .

(3) PRI 1.0 g MM A S mL &
& .3 Ji€ 1 min,4 000 r/min &.0> 2 min, Y4 FIH W, &
LR 2 WIEN EBRIRS . REET . MA
2 mL BERAJETE —20 'C F¥% 2 h,4 000 r/min B0
2 min, R EIE R A BT A 2 mL & 5% HEER
PBS FEAH B E 0 .
1.2.8 W ENCR I E AR ER AR S A I 0,
10,20,50,100 pg/L ¥ B 1 DBP 5 V8 W . 55 4 e BE i
3ANFAT A 1.2.7 vy AT R A A B AT IR 2SR
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256 HE S Tk AT B8 UE L B E R I R T
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Figure 1 Mass spectrum of hapten DBAP
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TE 285 nm 7245 A FRAE W W0, 2R R 5 dE 1 B R
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Figure 2 UV-Vis spectra of DBP, KLH/BSA,
DBAP-KLH/BSA

2.3 [T ELISA TEEHMRK

2.3.1 BPELERBEGEENNAL BRI ATLUES.
L — R I L B BUAHR B A EE N . OD 0 (IR AIR . IC 0
HE TR B R 19 IC {5 OD s {4
Bt 0.05 pg/fL L PUATR BEAGECN 5 000 I, ICs, ELEAR
HIOD s 87E 1 7247 Pt F ity 0.05 pe/ 4L .4t
PRF RS HCN 5 000 V5 e L 4% AR E AT
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Table 1  Optimization of coating amount and
antibody dilution factor
(ORI WKk 5 v § ICs0/
LA B A 5L OD 50
(;Lg'Wcllﬂ) (pg+ L D)

1:2500 1.210 49.05
0.01 1:3500 1.050 44.97
1:4500 0.836 43.53
1:4 000 1.293 47.86
0.05 1:5000 0.978 42.58
1:6 000 0.759 40.34
1:4 000 1.481 48.46
0.10 1:5000 1.196 45.66
1:6 000 0.864 43.90
1:5000 1.350 49.54
0.50 1:6 000 1.143 46.78
1:7000 0.928 44.93

2.3.2  BMWAMAL  H 3 AL B AR R 4
OD 50 1 ICs {77 HE 8 WA . 24356 F 0.50 6 Y B I 3L s £
AW AR B 1Cs, (E AL, IF B ODwso fHTE 1 /2
A B 0.50 %6 B JBE N LR VE Jhy 5 A1 VR AT IR0

1.57 152
L4t —e— ODfH
. +Icsn 150 .
2| \//‘ 148 "J
¢ 1.2 o
= 146 =
g g 11r “ 3 iﬂ;%
S2 0l ./.\./_ 5=
142 2
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Figure 3 Optimization of blocking solution

2.3.3 ABAE T WM — T E & ¥ M 4 1k 16 B 35 4 ELISA
FRAEI LR IO ST AR AL I 4 P L 2 0.05 e/ FL TG
k.5 000 £ BT VRS B AR AL 0.50 V6 1 JBE IS FL A 1 o
V-2 7 A 19— B0 B A5 5. DBP AR I i A5 000 pg/L
FEURHEAT 3 b6 B BR L €2 15 min 2247 . 57 ) 2 35 4
ELISA J7 3% . 15 th B bR DBP b5 o fl 2 0 6] 4 75
P 4 TR 7 0 7 O CIC ) AR TR CIC 1) 43 3
(40.6840.35) yg/LﬂI(l.E)SiO.lS) pLg/Lo
2.4 HRMENE

Fil Il 3‘%%% ELISA J7 3% %F 48 48 — Il i —
2K (L4 AT 4 S AR L S5 R 3 2 TR

Z TR
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Figure 4 Standard curve of indirect competition

ELISA for DBP

*k2 DBP s mEMAEHEMEMEUINZ X R K
Table 2 Cross-reactivity of DBP polyclonal antibodies

with other structural analogs

@ﬁ: ICSU/(V.g' LY CR/%
ARK ZH R T ik (DBP) 40.68 100.00
LB — R — H i (DMP) — <0.01
B84 iz — 2 Big (DEP) — <0.01
4B — H iR — N & (DPRP) 458.70 8.90
&1 7K R — X i (DPP) — <0.01
A8 H iR . C ik (DHXP) — <0.01
A8 ZH R ¥ C Bk (DCHP) <0.01
4BFE — iR — T-lik (DNP) — <20.01
BF W R — IE 1K (DNOP) — <20.01
B4 T H R (2-2. %) T fif (DEHP) — <0.01
4B W R 5 T R (DIBP) 472.30 8.60
A8 W R — 5 TR (DINP) — <0.01
SR — H iz < is (DPHP) — <0.01
B8R ZH R T 3 F iR (BBP) 684.50 5.90
AROR W R (4-H -2 3 TR
— <0.01
(BMPP)
A R (2-2 A ) 2 g
<0.01
(DEEP)
A T H R (2-H R ) 2B
<0.01
(DMEP)
AR (22T ) W
<0.01
(DBEP)
AR H R (PA) — <0.01

3R 2 /T LUE il % i st ik 5 DPRP, DIBP il
BBP 7 %I 19 38 LN » 38 U ARALF 10% . A RE 2 B
E AT ZE R B A AL 5 At 25 4 2 A 4 3 T 38 XL
BLo PRIG &1 2K — B R — T TR 1) 45 4 S U X 4% O 1
HENLTC R W, BT AR A 1 A8 R B R N
L2y SO
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2.5 HMRHPNE

FE T AR W5 £ PR e, 433 Jim 0,10, 20,50,
100 pg/T ¥R BE (&1 2K — W R T T A o V4 0 » 155 A WA 8
803 AT AL JE HEAT A4 56 4 ELISA (90 5 . 45 SR
F3 PR, H1F 3 A LIAG AR R FEAE 84.57 % ~
102.40% . [RIEF S 2R M 0 3 — 5 1 7 (GC-MS) Xt [1] 432

HRE MERE ELISARN AR PHBSE-RBR T B

e ELISA Jy 3k AT 800, 2kt O B . y = 31 3552 +
184 546,R*=0.999 8, V% i 6 i S 7E 85.14 % ~96.83%,
A W R TR AT A S S BT, AR LI 5. dT Rl 5 R
Bifh 5 i BA R4 B A & HE (R =0.990 8), UE B 42 i 48
JTHE ST 0 [ 4% 55 4 ELISA J7 B 3 WE# . T DA B
A A P R AR TE TR R T IR AT R

% 3 ELISA 1 GC-MS FHmE WL R

Table 3 The recovery results of ELISA and GC-MS (n=3)
. R i/ ELISA GC-MS
Bl L B/ (ug » L FREIRER/ Y R (g - L) PR ECR /%
0
10 9.160.53 91.6345.28 8.5140.26 85.14+2.63
i 20 20.48+0.68 102.4043.40 17.8540.80 89.24+3.99
50 47.4041.96 94.7943.91 16.1941.11 92.3842.21
100 98.54=5.33 98.54+5.33 95.2142.37 95.2142.37
0 _ _ _ _
10 8.510.42 85.11+4.21 8.660.64 86.5746.37
14 20 17.4841.09 87.40+5.44 17.9740.88 89.84+4.39
50 46.09+2.81 92.17+5.61 13.7242.05 87.43+4.09
100 94.36-2.53 94.36+2.53 92.65-+1.41 92.65+1.41
0 32.1442.85 — 36.01+1.96 —
10 10.6040.36 84.57+3.64 14.6540.15 86.4041.48
gt 20 19.264-0.40 85.58+1.98 53.6140.58 87.98+2.89
50 76.92+2.26 89.55+4.52 81.814+0.93 91.59+1.85
100 127.82+5.67 95.68-+5.67 132.85+2.53 96.8342.53
1207 GC-MS il 58 25 3 A5 B4 i) — B0tk (R* =0.990 8) ,4iF B 1%
i0F T R s L e T v AT AR B o T BT AR R
® ?f 80 THERAAZIN . AW 5% 7 35 1 R BUE IR A, A 5 AL
;:? 6ol i BT T 5 S AR A ek S ST T T v A A I R A
&
I L 40r
g 2ol S &k
(1] 2=k, 22 £ 30 4B MBI 7 i g oo b e LT, Jboy
0 , . .

0 20 40 60 80 100 120
ELISAZE
ELISA result/(ug + L)

B 5 ELISA #= GC-MS # | 25 £ 48 %

Figure 5 Comparison of ELISA and GC-MS results
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ST 1] 4% 52 4 ELISA J7 k19 1Cs {2 40.68 pg/L, iy
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