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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

A brief review: nuclear agricultural research 

in China
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A maize variety for cereal and silage 

use by γ-radiation in 2009  with 

12.77% crude protein (0.32% lysine)

First γ-radiation rice variety in 1978, 

45 days earlier maturation, applied in 

7 provinces in Yangtze Valley.

By radiation and selection of the induced mutants, 823 mutagenic

plant varieties with better quality, higher yield and stronger resistance

or tolerance, were released, which accounts for 25.2% globally.

I. Achievements in development of radiation-induced 

mutant varieties in China
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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 borer,

pine caterpillar,

Chinese citrus fly and

Oriental fruit fly, etc.

II. Successful control of insect pests by SIT

Zhang et al., 1985, Appl. Atomic ener. Agri.

Control of Asian Corn Borer by SIT (1982-1984)

γ-radiation 

Wild   

Mopanshan Island

No hatch
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� 140 60Co irradiators and 11 EB 

accelerators have been built for 

irradiation of agrifood in China

� Applications of the irradiation :
Decontamination of spices, 

fishery products, raw and 

cooked meat

Disinfestations of dry fruits, 

grains and beans

Sprout inhibition (garlic)

III. Commercial application of food irradiation

Adopted from Li Shurong, 2013 
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The immunoassay  with radio isotopic markers have provided 

sensitive and speedy diagnosis. Nuclear-based techniques have 

also been applied in studies of ecological behavior of parasites 

and pharmaceutical toxicity of insecticides. 

IV. Animal production and health management

Qinchuan cattle breeding by 

hormones measured by 

radioimmunoassay (RIA)

GH and INS in year 1.5

GH and INS in year 2.0

Body composition index

Weight of cattle

Men et al.,  2004, Chin. Agri. Sci. bul. 
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V. Water and soil management

More than 40 tracing nuclides were involved in R&D on agricultural

resources and eco-environment. Integrated water, plant nutrients and

soil management systems were developed in different cropping systems

and production regions in China.

Joint observationt of water and heat fluxes with stable

isotope and micro-meteorological technique at Luancheng

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

Liu et al., 2002, Envir. Sci

Forest lands (A1,B1 and C1) at different depths

Farms (A2,B2 and C2) at different depths
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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

Nuclear agricultural research on food safety 

and traceability: emerging requirements 
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IR-MS

ICP-MS

NMR

Chemometrics

Chromatography 

and mass 

spectrometry

Food safety and 

authenticity

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 

Nuclear agricultural research on food safety 

and traceability: method development
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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

Nuclear agricultural research on food safety 

and traceability: pioneer research works  
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Discrimination of fake and fraud products

I. 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

adopted as a national analytical standard (GB/T 18932.1-2002).
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II. Tracing the origin of pigment in broilers by nitrogen 

and carbon isotope analysis

320 broilers were assigned to 8 groups fed on diets of four 

levels of maize and four levels of carophyll red for 8 weeks. 

δ13C and δ15N of skin samples were measured by IRMS.

Skin’s chrome was tested by Roche Color Fan and scores 

were recorded.

Fed with maize

70% maize

50% maize

30% maize

10% maize

Fed with carophyll red (CR) 

60 ppm CR

30 ppm CR

15 ppm CR

0 ppm CR
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The more carophyll red was added, the deeper yellow skin of broiler 

was, but the δ13C values were NOT changed much.

When maize content increased in diets, the chrome  of the broiler 

skin and  the δ13C values of the fat free dry mass also increased. 

Wang et al., 2007, J. Instru. Anal

II. Tracing the origin of pigment in broilers by nitrogen 

and carbon isotope analysis (cont’d)
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III. Tracing the origin of organic pork

δ15N and δ13C were significantly higher in organic pork than in conventional pork.

Stable isotopes

Multi- elements

Fatty acids

NMR

Tracing 

techniques

PCA

LDA

Chemometrics

The study aims to establish robust techniques

to verify pork from organic origin, in order to

prevent the fraudulent labelling
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III. Tracing the origin of organic pork (cont’d)

Differentiation of conventional vs.

organic pork using PCA model, based

on δ13C, δ15N, multi elements, and

fatty acids. The two types of samples

were clearly separated along the PC1

axis.

15 organic pork and 15 conventional pork 

were taken from another farm, in order to 

validate the organic pork model.

Using the established model, 30% of 

organic pork  from QingQuanWan were 

classified as organic. 

PCA model Model validation
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Cucumbers raised with chemical fertilizer and manure can be

clearly characterized by testing their stable isotopes. The δ15N values

of cucumber raised with chicken manure were significantly higher than

that of cucumber raised with urea. Yuan et al., 2010 J. Nucl. Agri. Sci.

IV. Cucumber fertilized with manure and urea

0

2

4

6

8

10

12

14

16

Early Middle Late

δ
1

5
N

 ‰

Harvest season

Variation of δ15N in cucumber fertilized with chicken manure and 

urea

Chicken manure Urea No fertilizer



Institute of Quality Standard & Testing Technology for Agro-Products CAAS

0

1

2

3

4

5

6

-26 -24 -22 -20 -18 -16 -14 -12

δ

13

C(‰)

δ

1
5

N
(
‰

)

BJ SDJ SDD SDZ SDT HNC HNZ GDG GDX HBA HBB ZJA ZJB

HuBA HuBB HLJA HLJB SHDT HNA HNB SHLG LNA LNB LNC LND LNE

C and N isotopic ratio

-120.0

-115.0

-110.0

-105.0

-100.0

-95.0

-90.0

3 4 5 6 7 8

δ

34

S(‰)

δ

2

H
(
‰

)

BJ SJ SD SZ ST HC HZ GG GX

S and H isotopic ratio

I. Differentiation of geographical origin of chicken meat

Verification of product provenance-

Stable isotope ratios of C,N,H,O,S and Sr of chicken meat samples were 

measured. Scatter plotting of C vs N, S vs H could roughly group samples

from different regions as shown in the figures above. 
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Classification results 

判别结果 

Actual region 

of origin 地区 

Classified region of origin 

判别地区 

  BJ SJ SD SZ ST HC HZ GG GX Total 

Original count 

初始判别结果 

BJ 4 0 0 0 0 0 0 0 0 4 

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 

            

Observations correctly classified (%)正确判别率（%）  100 100 100 100 87.5 100 100 100 90 99.975 

Cross- validated  count 

交叉验证后的判别结果 

 BJ SJ SD SZ ST HC HZ GG GX Total 

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 (%)正确判别率（%）  100 90 100 100 87.5 100 100 100 90 99.964 

LDA in verification of geographical origins of chicken

The correct classification in cross validation were 87.5% to 100% 

for the samples from 9 regions. Sun et al., 2008, J. Instru. Anal

I. Geographical origin of chicken meat (cont’d)
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II. Geographical origin of beef using δ13C 

Variation has been reported in δ13C and δ15N stable isotope ratios of

different cattle tissues from 4 provinces. The results implied the

tissues responded to the diet in a similar pattern. δ13C was a better

indicator for tracing the origin of cattle. Guo et al., 2010, Food Chem.
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III. Origins of beef using stable isotopes in tail hair

The δ13C, δ15N and δ2H values of cattle tail hair were measured. Variance

and LDA showed significant differences among 7 sub-regions of 4

production regions. Overall correct classification and cross-validation rates

were 82.6% and 79.6%, respectively. Liu et al., 2013, Food Chem.



Institute of Quality Standard & Testing Technology for Agro-Products CAAS

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

Combined analysis of stable

isotopes and multi-elements was

applied to trace the geographical

origins of beef from four different

provinces. PCA results indicated

that eight key variables,

including δ13C, δ15N, Mg, K, Mn,

Zn, Se and Zr, were identified as

maximum discriminants among

samples. Both overall correct

classification and cross-

validation rates were 100%.

Zhao et al., 2013, J. Agri. Food Chem
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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.

Yuan et al., 2013, J. Nucl. Agri. Sci.

V. Stable isotope and multi-element analysis for tea

-100

-50

0

50

Fujian(N=4)

Shandong(N=3)

Zhejiang(N=16)

Star plot of stable isotopes in tea samples from 3 regions 

δ15N(‰)

δ13C(‰)

D(‰)

87Sr/86Sr

208Pb/206Pb

206Pb/207Pb δ18O(‰)



Institute of Quality Standard & Testing Technology for Agro-Products CAAS

Determination of contaminants

A multi-screening tool was established with β2-androenergic

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

the total drug residues of β-agonists. Wang et al., 2008, Life Sci. Res.

I. A new radio labeled assay for detecting multi-residues 

of veterinary drugs
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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.

Chen et al.,2012, PLoS ONE

II. Metabolomics of steroids  labelled by 2H in hepatocytes
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III. Stable Isotope dilution in analysis of residues

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.
Liu et al, 2012, Chin. J. Ana.Lab

Comparison of RSD w/o internal standard for determination of benzimidazole residues
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I. Discrimination of irradiated/untreated food

Detection of irradiated agrifood

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 

to discriminate the irradiated and untreated agrifoods. 

Ha et al., 2009,  Food  Machinery
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II. Estimation of irradiation dose

Detection of irradiated agrifood

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 

the initial dose and the dose estimated was less than 1 kGy.  

Li et al., 2011, Sci. Agri. Sinica
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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.
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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.
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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

Future perspectives: application



Institute of Quality Standard & Testing Technology for Agro-Products CAAS

Funding agencies and programs
IAEA CRP Projects: D52036, D52037

EU FP6 Integrated Project: TRACE 

MOA-China: Agrifood Traceability and Authenticity

MOST-China: Detection, Traceability and Monitoring

Co-authors

Acknowledgements

Prof. Ha Yiming Mr. Chen TianjinProf. Chen GangProf. Yang Shuming



Institute of Quality Standard & Testing Technology for Agro-Products CAAS
November 13, 2014

Institute of Quality Standard & Testing Technology for Agro-Products

Chinese Academy of Agricultural Sciences 

Thank You for Your 
Attention!

Contacts:

Tel: +8610-82106288

Fax:+8610-82106500

E-mail: yezhihua@caas.cn


