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» The contamination of benzo(a)pyrene in rapeseed oil

» Development of the anti-B[a]p monoclonal antibody

» Establishment of time resolved fluorescence lateral
flow immunoassay
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The contamination of B(a)p in rapeseed oil



The contamination of B(a)p in rapeseed oil

® B[a]Pis a kind of polycyclic aromatic hydrocarbons (PAHs)

® Widely in the atmosphere, water and foods as contaminants

® Incomplete combustion/pyrolysis of organic matters
1. Industrial processes (for drying oil seeds prior to oil extraction)
2. Food processing (i e. dry, roasting, smoking, babecuing)
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Threaten in Public Health

WHO TARC Group 1 carcinogen

® Strong carcinogenicity

® Mutagenic and teratogenic effects

® Potentially fatal chronic toxicity
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Maximum Limit of B|a|P

Countries/organization Products Limit of B[a]P
GB 2762-2022 (China)  cereals and 2.0 pg/kg NY

theil‘ pl‘OductS EP&AE;EE'%AE#T%?T_?
NY/T 751-2021 (China) rapeseed oil 5.0 pg/kg (€]=)

v A N DS J6 R TE TE SRR i

(EU) No 835-2011 edible oil 2.0 pg/kg S —

3|

Codex Alimentarius edible oil 5.0 pg/kg

Commission (CAC)

U.S. Food and Drug food and feed 50 pg/kg -2
Administration (FDA) =
Australian Food Standard cooked meat 10 pg/kg e

World Health water 0.2 pg/L

Organization (WHO)




ISO/National Standard Method for B[a]P/PAH analysis

GB 5009.27-2016, HPLC, Determination of Benzo[a]pyrene in Foods, China

KJ 201910, Colloidal gold immunochromatography, edible oil, China

ISO 15302:2017, HPLC, Animal and vegetable fats and oils — Determination of
benzo[a]pyrene-Reverse-phase high performance liquid chromatography method
SW-846 Test Method 8310, HPLC, U.S. Environmental Protection Agency

FDA food program compendium analytical laboratory methods: NO. C-002.01
Screening and Determination of Polycyclic Aromatic Hydrocarbons in Seafoods
Using QUEChERS-Based Extraction and High-Performance Liquid Chromatography

with Fluorescence Detection



Article Num

Publications for B|a]|P analysis

Total numbers of article Immunoassay methods: 1456
per year from 2013-2023 Conventional methods: 3086
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Determination of the level of B|a]|P

® Conventional methods: HPLC, GC-MS, FA
relies on large instruments, professional operaters

® Immunoassay methods: ELISA, immunochromatographic strip
it is based on the recognition of B[a]P by specific antibodies
high sensitivity, good specificity, rapid and simple

High-quality antibodies are the key factors for high sensitivity detection
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Development of the anti-B[a]P mAb



Systhesis and Identification of B[a]P hapten

® The hapten was successfully produced from B[a]P via Friedel - Crafts
acylation reaction, and was characterized by LC-MS
® The MS calculations for hapten were 338.35, found 339.40

®The hapten have a 4-C spacer arm, which is important for its immunogenicity
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Systhesis and Identification of antigens

I. The B[a]P-BSA and PyBA-BSA were characterized by UV-Vis spectrophotometry
II. The peaks became significantly smooth and red shifted at 258-290nm and 300-360nm

with hapten and the corresponding antigens

® Immunogen: Bap-BSA (Bovine Serum Albumin)
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Preparation of anti-B[a]P mAbs

High quality monoclonal antibody of BaP named E1H11 was obtained

® The half maximal inhibitory concentration( I1C, )=2.67 ng/mL

® The CRs for anthracene, fluoranthracene, perylene, pyrene, etc. <15%
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P
1  Reduced Chi-Sqr

R-Square (COD)
Adj. R-Square

Logistic
y= A2 + (A-A2)(1 + (Xi0)'p)
B/B\-(0)
1.00496 +0.00615
0.05608 + 0.01493
3.62232 £ 0.25888
0.82206 + 0.03597
3.08577
0.99877
0.99836

» E1H1
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100

B/BO

IC, LOD CR%
* BaP 267 040 100%
= BKF 16.09 067 17%
e BaA 3046 417 9%
A BeP 748 004 36%
v BghiP 2084 589 13%
® BbF 1011 294  26%
<« BF 1420 269 19%

Chrysene 945 066 28%
Fluoranthene19.24 261 14%
Pyrene 10.81 1.09 25%

sev

Logistic
y= A2 + (A1-A2)/(1 + (x/x0)p)
Plot B/BO D F H J L N P R T
(A1 0.959 0.983 0.904 0.989 0.961 0.933 0.964 0.938 0.9312 0.929
A2 -0.02 -0.03 -0.02 0.008 0.011 0.061 -0.00 0.010 8.2952 0.019
x0  19.05 33.08 9.837 20.89 10.38 14.28 10.39 20.68 2.9137 11.69
0.819 1.167 0.948 1.812 2.116 1.934 0.961 1.512 1.6864 1.438
Red 4.617 21.98 3.705 2.397 1.173 11.18 14.10 7.617 3.2298 9.735
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Establishment of time resolved fluorescence
lateral flow immunoassay (TRFICA)



Assembly of the TRFICA strip

The strip consists of three components:

Plastic packing, NC membrane, and pads (sample and absorbent pads)
The control line (C line) and test line (T line) were sprayed with GAM-IgG
and the coating antigen PyBA-BSA, respectively.

PyBA- BSA GAM 1gG

Sample pad absorbent pad

\!_—.__%\‘\-

T line C line

plastic packmg NC membrane



Principle of TRFICA detection for B(a)P

I.  B(a)P, when present in a sample, and a PyBA-BSA compete for the binding sites of
anti-B(a)P antibodies on T line, the antibodies are labeled with Eu/Tb(I1I)
nanospheres served as probe, so a fluoresence signal is generated.

II. The intensity of the fluoresence signal 1s inversely proportional to the concentration of
the B(a)P present in the sample.

III. The signal 1s evaluated using a portable strip reader. The concentrations of the Bap are
determined by interpolation using the standard curve constructed with each run.

Sample ~~

ll 365nm 613nm * Probe
_ \1/ I k Benzo(a)Pyrene
“ | PyBA-BSA

>

Flow direction




Preparation and characterization of Eu/Tb(III) nanospheres

Fluorescence intensity

Optical properties of Eu/Tb(1II) : Excited at 350 nm, emission at 618nm

Eu/Tb(III) with a satisfactory fluorescence intensity

Provides Fluorescent labeling materials for highly sensitive detection
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Identification of the Eu/Tb(I11) -mAb probe

® The detection probe was generated by conjugating the Eu/Tb(III) and the mAb

via EDC and NHS
® The TEM and EDS were performed to study the characterization of probes
® Characteristic peaks of C and N were obviously higher after conjugation
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Optimization of TRFICA test strip
1. The concentration of immunoreagents

® T line: PyBA-BSA 0.8 mg/mL 0.7 uL/cm
® C line: GAM-IgG 0.005 mg/mL 0.6 uL/cm
BaP-BSA anti-lgG antibody

immunoprobe dilution ratio

conc. mg/mL speed uL/cm conc. mg/mL speed uL/cm

0.8 0.7 200 0.005 0.6




7 min
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2. NC membrane and reaction time
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Optimization of TRFICA test strip
3. Detection solution composition

0 ppb 50 ppb 100 ppb
NO. clement pp pp pp Flrioo/Flrg
T C T C T C (n=5)
1 1% sucrose+1% Tween-20+PBS 24150000 67700000 14290000 67660000 8060000 71510000  0.33
2 2% sucrose+1% Tween-20+PBS 9580000 63700000 8060000 60630000 2400000 60490000  0.25
3 1% sucrose+2.5% Tween-20+PBS 8930000 59860000 6240000 60350000 2130000 60400000  0.24
1% sucrose+2% Tween-20+
4 19 PUPK.30+ PBS 21880000 69240000 8160000 69600000 3070000 68410000  0.14
1% sucrose+2% Tween-20+
5 19 PYPK.3041% BSALPBS 9060000 67700000 9060000 65610000 2100000 66490000  0.23
o) 0 -
6 1% sucrose+2% Tween-20+ 8840000 69710000 8020000 68100000 3020000 61410000  0.34

1% PVPK-30+1% OVA+PBS




Optimization of TRFICA test strip

4. Solvent composition, incubation temperature and volume

o o [ s o
Optimum solvent composition: Incubation 37°C
0
20% methanol Sample volume 200 pL
(= CJFoFle, [ inhibition rate(%) 10990
To To/Fleo nhibition rate(% M
9X107 ’ DFICO DFIT1OO/FITO 100 B
1 EFhie 780
8x10" 1 [JFlcio0
] 2 4os | "
5 7x10 L 80 -
© T —
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@ o dos6 = ®
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IS 1, = ko)
% 4x10 c {o4 40 5 =
Q ke : = L2 40 4
3 © | = <
5 3x10 ° 30 =
S c i
L =
2x107 102720 50
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Sample preparation of TRFICA test strip

Molecularly imprinted purification (MIP) for BaP in edible oil

) 1 g oil sample
5 mL dichloromethane 5 mL hexane

5 mL hexane Vortex for 30s © ML hexane 6 mL dichloromethane
Column_ PretreatElent Add Sample B Wash B _Elutinn_
>
L

o E N e
& &6 & o

Add . 50°C drying
Activation i o 0o == Wash e C Ol € C ti O rEmm— Methanol re-solubilization

I ' §




Evaluation of MIP pretreatment 1n different edible oils
Recovery rate of rapeseed oil: 103-113.8%

HPLC found | Recovery | Spiked | HPLC found | Recovery | Spiked HPLC found | Recovery

(ng/kg)| (ng/kg)

Soybean oil 3.34 111.21 4.26 85.2 10.26 102.6
Rapeseed oil 3.26 108.7 5.15 103.0 11.38 113.8
Corn oil 2.78 92.7 4.67 93.4 8.88 88.8
Peanut oil 3.19 106.4 4.29 85.7 10.18 101.8
Blended oil 2.73 91.0 5.03 100.5 11.51 115.1
3.00 5.00 10.00
Camellia oil 3.65 121.5 4.45 88.9 9.94 99.3
Walnut oil 3.15 105.1 5.75 114.9 9.85 98.5
Olive oil 3.18 106.1 4.39 87.7 11.14 111.4
Sunflower oil 2.83 94.2 5.09 101.7 10.26 102.6

Cottonseed oil 3.28 109.3 5.03 100.7 9.15 91.5



Establish calibration curve for B(a)P in rapeseed oil

@ Calibration curve were established by plotting the ratio between the intensity
of T line and the C line ('T/C) against the log of Bap concentration
® TRFICA for B(a)P : LOD 0.6 ng/mL, R>=0.9892

1.2

m  Buffer

® Camellia ol
A Blended oil
v Walnut ail

1.0 4 i
0.8 4
@ Rapeseed oil

0.6 1

0.4 +
Wode!

002376 -0.02;
0.2 e
3

0.0

0 002 005010625125 15 3062512525 50 60 80 100ng/mL ™ 1 0 100

BaP Conc. (ng/mL)




TRFICA protocol for detection real sample

Sample preparation Strip Reader Data



Accuracy and precision of the TRFICA

® The average recoveries of B[a]P were 86.1%—-114.79% using TRFICA

® Relative coefficient of variation: 0.04—2.05%

spiked conc. theoratal level detection conc. recovery CcV

(ng/0.5g) (ng/mL) (ng/mL)x SD (%) (%)

10 0.77 0.88+0.018 114.79 6.05

i”trg‘]'jg)say 50 19.23 17.20+0.032 89.45 8.19
200 76.92 66.24+0.464 86.11 5.10

10 3.85 3.71£0.025 96.36 7.67

i”te(a'jg)say 50 19.23 18.330.224 95.32 6.13
200 76.92 69.71+0.532 90.63 7.04




B|a]P level in different kinds of rapeseed oil

® Hot press oil contained B[a]P approximately 2.18 ng kg!

® The cold drawn oil samples contained little B[a]P, exhibit less risk

g:fge‘:g gifl Sample No. | HPLC (ng/mL) = SD |  TRFICA (ng/mL)% SD
1# 1.95+0.018 1.85$0.13

Hot press oil 2# 2.35+0.16 2.20+0.23
3# 2.25+0.28 2.4620.16
1# ND ND

Cold drawn 24 1234013 1.33£0.17

oil

3# ND ND




Conclusion

. B[a]P hapten and the corresponding antigens were systhesized successfully
. Sensitive and specific anti-B[a]P mAb was screened and purification

. A rapid low-cost and easy method based on TRFICA for B[a]P in rapeseed
oil was established with LOD of 0.6 ng/mL, reaction time only 7 min

. Hot press oil contained B[a]P approximately 2.18 pg kg~',while the cold
drawn oil samples contained little B[a]P, exhibit less risk

. The developed TRFICA is suitable for the sensitive detection of B[a]P in

real-life rapeseed oil samples



Thank you for your attention
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