Vienna, Austria, November 10-13, 2014

Application of nuclear technology in
research on agrifood safety and
authenticity in China

Prof. Zhihua Ye

Institute of Quality Standard & Testlng Technology for Agro-Products
Chinese Academy of Agricultural Sciences




Outline

[ Introduction

[0 Research progress

» Discrimination of fake and adulterated products
» Verification of product provenance

» Determination of contaminants

> Detection of irradiated agrifood

[0 Perspectives




A brief review: nuclear agricultural research
in China

Nuclear techniques have been widely applied in

several fields of agricultural research in China since
the 1950s. The key areas of the research include:

> Crop breeding
> Insect pest control

> Food irradiation
> Animal health
» Soil and water management




l. Achievements in development of radiation-induced
mutant varieties in China

By radiation and selection of the induced mutants, 823 mutagenic
plant varieties with better quality, higher yield and stronger resistance




ll. Successful control of insect pests by SIT

In China, control of
insect pests by sterile
male technique was
started in the early
1960s and covered a
wide range of pest
species. Successful
results were obtained
from experiments on
Asian corn Dborer,
pine caterpillar,
Chinese citrus fly and
Oriental fruit fly, etc.




lll. Commercial application of food irradiation

D 140 6OCO irradiatOI'S and 11 EB Quantities of food irradiated in China
. _ 765
accelerators have been built for 800 f
irradiation of agrifood in China

OO0 Applications of the irradiation :
» Decontamination of spices,
fishery products, raw and
cooked meat
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IV. Animal production and health management

#£1 1.5% 8% GH,INS 8 GH and INS in year 1.5

L GH (ng/m) INS(uIUfml)
A 1 2 3 4 X+s 1 2 3 4 X+s
AE161 0 32 292 1.13 2194093 181 20.24 4956 7249 4202+2397
B4 146 188 117 1.34 1464073 46.64 25.13 2936 3394 33774931
#2205 %)% GH.INS B GH and INS in year 2.0
_BR GH( ng/mi) INS (uU/ml)

FA I 2 3 Kts i 2 3 Xts
VL2 242 241 285 2.56£0.205 135.71 110.50 108.39 1182£15.2
fi}4 1.20 0.64 091 0.92£0.280 41.04 4647 4922 45.5814.16
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The immunoassay with radio isotopic markers have provided
sensitive and speedy diagnosis. Nuclear-based techniques have




V. Water and soil management
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Agro-Ecosystem Experimental Station, CAS. 13C of organic carbon in soil at different depths

More than 40 tracing nuclides were involved in R&D on agricultural
resources and eco-environment. Integrated water, plant nutrients and
il management systems were developed in different cropping systems




Nuclear agricultural research on food safety
and traceability: emerging requirements

Research on application of nuclear technique in
agriculture in China has been shifted to agrifood safety and
authenticity in recent years to deal with emerging incidents of
food safety and authenticity, such as:

> False labeling of origins
> Fake claims of products
> Adulteration of products
> Added contaminants
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Nuclear agricultural research on food safety
and traceability: method development

Research on application of nuclear techniques in agrifood
quality and safety issues was primarily focused on
development of analytical methods and relevant techniques :

» Stable isotope mass spectrometry

> Inductively coupled plasma-mass spectrometry

> Nuclear magnetic resonance

» Chromatography and mass spectrometry

» Chemometrics combined with analytical techniques
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Nuclear agricultural research on food safety
and traceability: pioneer research works

The pioneer research works on application of
nuclear and complimentary techniques in the country
have been carried out on:

> Discrimination of fake and fraud products
> Verification of product provenance
» Determination of contaminants

> Detection of irradiated agrifood




Discrimination of fake and fraud products

l. Discrimination of honey adulteration by stable isotope
techniques

A method with IRMS has been developed to identify honey
products adulterated with syrups (i.e. HFCS) from C4 plants, and
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ll. Tracing the origin of pigment in broilers by nitrogen
and carbon isotope analysis

70% maize

50% maize

30% maize

10% maize

Fed with maize Fed with carophyll red (CR)

» 320 broilers were assigned to 8 groups fed on diets of four
levels of maize and four levels of carophyll red for 8 weeks.

» 813C and &'°N of skin samples were measured by IRMS.

__» Skin’s chrome was tested by Roche Color Fan and scores
[ i
% were recorded.




ll. Tracing the origin of pigment in broilers by nitrogen
and carbon isotope analysis (cont’d)

Effect of maize contenton 5'°C, 5'°N and RCF ' Effect of carophyllred on '°C, 5'*N and RCF
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» The more carophyll red was added, the deeper yellow skin of broiler
was, but the 5'3C values were NOT changed much.

» When maize content increased in diets, the chrome of the broiler
skin and the &'3C values of the fat free dry mass also increased.




lll. Tracing the origin of organic pork

The study aims to establish robust techniques
to verify pork from organic origin, in order to
prevent the fraudulent labelling

Stable isotopes of organicvs.
conventional pork
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lll. Tracing the origin of organic pork (cont’d)
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» Differentiation of conventional vs. » 15 organic pork and 15 conventional pork
organic pork using PCA model, based were taken from another farm, in order to
on &13C, 8'°N, multi elements, and validate the organic pork model.

fatty acids. The two types of samples
were clearly separated along the PC1
axis.

» Using the established model, 30% of
organic pork from QingQuanWan were
classified as organic.
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IV. Cucumber fertilized with manure and urea

Variation of 81°N in cucumber fertilized with chicken manure and
urea
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Cucumbers raised with chemical fertilizer and manure can be
clearly characterized by testing their stable isotopes. The 3'°N values
-0of cucumber raised with chicken manure were significantly higher than

that of cucumber raised with urea.




Verification of product provenance.

l. Differentiation of geographical origin of chicken meat
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Stable isotope ratios of C,N,H,0,S and Sr of chicken meat samples were




l. Geographical origin of chicken meat (cont’d)

LDA in verification of geographical origins of chicken
Classification results Actual region Classified region of origin
H gk of origin Hi[X ) 551 Hb X

B SJ] SD SZ ST HC HZ GG GX Total

Original count BJ 4 0 0 0 0 0 0 0 0 4

WIUG ) o) 4 SR SJ 0 10 0 0 0 0 0 0 0 10

SD 0 0 10 0 0 0 0 0 0 10

Sz 0 0 0 9 0 0 0 0 0 9

ST 0 0 0 0 7 0 0 0 1 8

HC 0 0 0 0 0 4 0 0 0 4

HZ 0 0 0 0 0 0 4 0 0 4

GG 0 0 0 0 0 0 0 8 0 8

GX 0 0 0 0 1 0 0 0 9 10
)bservations correctly classified (%) IEAAF]HIZF (%) 100 100 100 100 87.5 100 100 100 90 99.975
Cross- validated count BJ S] SD Sz ST HC HZ GG GX Total

A2 X ESIE JE 1 R R 25 5 BJ 4 0 0 0 0 0 0 0 0 4

SJ 0 9 0 0 0 0 0 1 0 10

SD 0 0 10 0 0 0 0 0 0 10

Sz 0 0 0 9 0 0 0 0 0 9

ST 0 0 0 0 7 0 0 0 1 8

HC 0 0 0 0 0 4 0 0 0 4

HZ 0 0 0 0 0 0 4 0 0 4

GG 0 0 0 0 0 0 0 8 0 8

GX 0 0 0 0 1 0 0 0 9 10
Observations correctly classified (%) IE#fFI B (%) 100 90 100 100 87.5 100 100 100 90 99964

The correct classification in cross validation were 87.5% to 100%
for the samples from 9 regions.




Il. Geographical origin of beef using 6'3C
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Fig. 2a. The 5"C values of de-fatted beef from different regions. 24

/ \ Fig. 3a. The correlation of 8'*C between tail hair and de-fatted beﬂ-j

Variation has been reported in 8'3C and 815N stable isotope ratios of
different cattle tissues from 4 provinces. The results implied the
tissues responded to the diet in a similar pattern. 8'3C was a better

«indicator for tracing the origin of cattle.




lll. Origins of beef using stable isotopes in tail hair

The liner discriminant analysis results of 4'C, 4'*N and 4*H values in cattle tail hair from different beef production regions.
Predicted group membership
IMP NCP LP NP Total
Original
Count IMP 22 3 0 4 29
NCP 3 67 6 0 76
LP 0 8 22 0 30
NP 5 0 0 27 32
% 759 88.2 733 84.4 82.6
Cross-validated
Count IMP 20 4 0 5 29
NCP 3 65 7 1 76
LP 0 9 21 0 30
NP 5 0 0 27 32
% 69.0 855 70.0 844 79.6
Note: IMP, Inner Mongolian Plateau; NCP, North China and Central Plains; LP, Loess Plateau; NP, Northeast Plain.

The 8'3C, &'°N and 82H values of cattle tail hair were measured. Variance
and LDA showed significant differences among 7 sub-regions of 4




IV. Tracing beef by stable isotope & multi-element analysis

: . 3 Combined analysis of stable
Al "‘%" P isotopes and multi-elements was
3 o o oo 10 applied to trace the geographical
l o s 1 origins of beef from four different
o provinces. PCA results indicated
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V. Stable isotope and multi-element analysis for tea

31N (%)

—o— Fujian(N=4)
—=—Shandong(N=3)
—&— Zhejiang(N=16)

206ph/207Ph 3180(%o)

Star plot of stable isotopes in tea samples from 3 regions

Pattern recognition techniques with PCA and LDA were used to
classify geographical origins of tea from Fujian, Shandong and Zhejiang
province. Results revealed that it is feasible to classify the geographical
origin of tea by PCA-LDA based on isotopes and multi-elements.
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Determination of contaminants

l. A new radio labeled assay for detecting multi-residues
of veterinary drugs

T B &85 5020071009

TEE R ool EREE  cousll  SU0ORE /B0 BRRE  orvifl

T 73672 73672 T

B 16046 16016 0.00

) 0,01 1310 0,012 132100 0.012 0.8 0,00 20,000

B2 0.1 10012 0,09 10012 0,083 0.62 .00 -7.000

B3 1 5912 0.520 5912 0.0 0.y 000 -7.600

B 10 210 17,766 2710 17,766 0,17 0,00  77.660

:3 100 231 088 2 M08 0.1 0.00  -62.011

B6 200 1656 260436 1636 260436 0,10 0.00 32218
RANL: AR DTS

e e LA

i BOMT)21.78%

n': % Ri0.60633

i ED75500278

113 EDS0=0.2722

gﬁ: ED25=38138

. A=16325.55

] B= 050

1) C=018

‘:: D=132152

i .

-4

o 3 b ARG ;

A2 FRMEBEIND 2 HHE LG
Table 2: Detection ofthe multiresidue of P 2-agomst by p 2AR

Clenbuterol(pphb)

ractopaminepph) Salbutam ol( ppb)

&

o P

¥ ®H |0 10 100 1000 1 100 1000 10 1| 1000
TH 0 ui}

g%

B |#HBE (0357 0254 0285 039 |043 0262 0234 |0241 0215 | 0257
g

Wl | ik 0214 0301 |0312 0335 |0421 0363 | 0391 0236 0136 | 0198
& | MBP

( Dl £Ge 025 0.242 027 0.258 0212 0234 02086 0206 0115 | 0211
X |58

%S (BME |02 059 (0413 0192 |0382 03% | 018 |0815 037 0132
a

kB |wi |o0me 0457 | 038 0152 | 065 | 0367 | 011 |0608 035 | 0013
Hil§ | BAR |
WH [gue |02z 0605 | 0447 0167 | 0561 | 0357 | 0098 |0483 0206 |01z
88

g | @eE |08 05M (0395 0168 |08 039 0192 | 0493 0232 |01
HE

Wi |mues |0s7 062 (0435 0178 |0553 03415 | 018 |052% 0364 | 0149
g

L)

WH gy |o0m2 0612 | 0314 0195 |06 044l | 0137 |05% 0437 | 0145
B AR
F et 0719 047 0219 0.0%4 045 0299 0132 | 0582 0351 0.142
=E

A multi-screening tool was established

with B,-androenergic

receptor and iodocyanopindolol ([3H]ICYP) to simultaneously detect




Il. Metabolomics of steroids labelled by ?H in hepatocytes
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Steroid (androstenone)
was labelled with 2H to
investigate its metabolism
in pig hepatocytes. The
metabolites were analyzed
by LC-TOF-MS. Metabolites
from 2H labelled steroid
could be differentiated
clearly from the samples
without labeling. Therefore,
the steroid metabolites can
be clearly characterized.




lll. Stable Isotope dilution in analysis of residues

Comparison of RSD w/o internal standard for determination of benzimidazole residues
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Internal standards labelled with stable isotopes have been adopted in
more than 30 Chinese national standards. The figure above demonstrates
the comparison of mean RSD with or without 6-13C-thiabendazole as internal
standard for LC-MS/MS analysis of 12 benzimidazole residues in milk.




Detection of irradiated agrifood

l. Discrimination of irradiated/untreated food
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It is found that thermoluminescence intensity of inorganic minerals,
such as silicate, silica & clay, treated by ionizing radiation is positively
correlated with the irradiation dose. A detective method was developed




Detection of irradiated agrifood

Il. Estimation of irradiation dose
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Irradiation dose in cumin samples was estimated by analyzing ESR
intensity with a dose-additive method. Figures showed that irradiation
dose was positively correlated with ESR intensity. The deviation between

sirthe initial dose and the dose estimated was less than 1 kGy.
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Future perspectives: research priorities

> To develop chromatography-IRMS combined techniques for
identifying authenticity, combating fraud and tracing origins
of specific agrifood commodities.

> To exploit integrated discrimination and verification methods
and models based on analysis of multi-isotopes and related
geographical and meteorological data.

> To apply tracer techniques in proteomics, metabolomics and

foodomics studies.




> To carry out risk assessment of radioactive contamination
in agrifood.

> To develop standard operating procedures (SOP),
harmonized protocols and standards for determination of

the provenance and authenticity of agrifood commodities.




Future perspectives: application

Established integrated analytic approaches together
with standards, SOPs and protocols from researches
on food safety and traceability with nuclear and related
techniques will help to build and strengthen capacities

in supporting:

» Food monitoring and regulation of governmental agencies
> Quality control and quality assurance of food industries

» Fair trade of food in domestic and international markets

> Protection of consumers’ health and benefits
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