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ABSTRACT: The potential for classifying beef samples on the basis of their geographical origin was investigated by stable
isotope and multielement analysis using samples from various provinces in China. C and N isotope composition and the
concentrations of 23 elements of the defatted beef samples were determined. It was shown that as compared to the Tibet beef fed
predominantly on C; pasture, maize-fed beef produced in Shandong and Heilongjiang province gave rise to a significant
difference in "*C content. Significant differences were also observed in 18 elements among the defatted beef samples. Stable
isotope data and multielement concentrations determined in the beef were subjected to multivariate analysis, including principal
component analysis (PCA) and discriminant analysis (DA). Eight key variables were identified as providing maximum
discrimination among samples. DA gave an overall correct classification rate of 100% and a cross-validation rate of 100%. This
research has proved that the geographical origin of beef in China can be identified by a combination of stable isotopes and

multielement analysis.
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B INTRODUCTION

Verification of the geographic origin of food is of great concern
not only to consumers but also to farmers, retailers, and
governmental authorities. In China, development of a trace-
ability system for agro-products still lags behind the demands,
although the law on quality and safety of agricultural products
requiring traceability for agro-products was enacted in October
2006. For meat products, the origin concern has become an
important factor strongly influencing the consumer’s purchas-
ing decision due to food incidents such as bovine spongiform
encephalopathy (BSE), foot-and-mouth disease (FMD), and
avian influenza. The traceability system for beef is promoted by
the Chinese government to ensure product safety. However,
the existing system is currently based on ear tags and life-
numbers and ultimately depends on paper records, which can
be fraudulently fabricated or mislabeled. Therefore, the
establishment of a reliable and scientific system to identify
the beef geographic origin is urgently needed in China.

The use of multistable isotope and/or multielement analysis
is an increasingly accepted tool for tracing the geographical
origin of agro-products, such as cereal,'™> wine,*!
cheese,"' "7 and honey.'® *° There have been a number of
publications recently relating to the identification of beef
geographical origin and production regimen using multiple
stable isotope analysis of the bioelements (H, C, N, O, and S)
with various degrees of success as well.”' ™" As reported by
Guo et al, the percentage of correctly classified samples of
cattle from four regions in China, based on the combination of
C and N stable isotope ratios, was 78%,” indicating that a
strategy to improve the correct classification rate is required.
The aim of the present study was to demonstrate the potential
of the combination of stable isotope (**C and "N) and
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multielement analysis for the determination of the geographical
origin of beef in China.

B MATERIALS AND METHODS

Sources of Samples. A total of 69 cattle raised at four different
geographical locations were studied. The cattle were raised at a local
farm for at least 12 months before they were slaughtered and
consumed. All cattle were at an approximate age of 2 years old. To
avoid the effect of seasonal variations, cattle samples were collected
almost on the same date. Sixteen cattle samples were collected from
Heze city, Shandong province (35° N, 115° E) in July 2011. Heze is
located in central eastern China, with a mean annual temperature of
13.5 °C and an average altitude of 50 m. The cattle from Heze are
mainly fed maize. Fourteen cattle samples were collected from Harbin
city, Heilongjiang province (45° N, 125° E) in August 2011. Harbin is
located in northeastern China, with a mean annual temperature of 3.6
°C and an average altitude of 128 m. The cattle from Harbin are
mainly fed maize. Fifteen cattle samples were collected from Kunming
city, Yunnan province (25° N, 102° E) in October 2011. Kunming is
located in southwestern China, with a mean annual temperature of
15.0 °C and an average altitude of 1890 m. The cattle from Kunming
are mainly fed C; and C, pasture. Twenty-four cattle samples were
collected from Anduo county, Tibet Autonomous Region (32° N, 90°
E) in October 2011. The mean annual temperature there is —2.8 °C,
and the average altitude is 4800 m. The cattle from Anduo are mainly
fed C; pasture. Detailed information for these origins is given in Table
1.

Preparation of Samples. Beef samples (~50 g) were freeze-dried
for 24 h and homogenized using ceramic scissors and/or an agate
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Table 1. Region Information of Beef Samples

altitude mean annual sampling no. of
region longitude latitude (m) temp (°C) staple feed species time samples
Heze city, Shandong province (SD) 115 35 50 13.5 maize July 2011 16
Harbin city, Heilongjiang province (HLJ) 125 45 128 3.6 maize Aug 2011 14
Kunming city, Yunnan province (YN) 102 25 1890 15.0 C; and C, pastures Oct 2011 N
Anduo county, Tibet Autonomous Region (TB) 90 32 4800 -2.8 C; pastures Oct 2011 24
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Figure 1. §"C and §"°N values in defatted beef samples. Values are means + SD. Means with the same letter are not significantly different according

to Duncan’s multiple-range test; P < 0.0S.

pestle and mortar. The dry powder obtained was extracted with ether
for 6 h in a Soxhlet apparatus. The defatted dry mass (DDM) of beef
was rehomogenized using an agate pestle and mortar and stored at
—20 °C until analysis.*®*

Sample Analysis. Natural-Abundance (C, N) Stable Isotope
Analysis of DDM. The DDM was introduced into a Sn capsule (C and
N isotope analysis).”® Samples were introduced into the elemental
analyzer (Flash EA1112) by an autosampler. The elements of carbon
and nitrogen in the samples were converted into CO, and NO, gas by
combustion at 1020 °C, and then the NO, gas generated was reduced
over copper wires at 650 °C to N,. The carrier gas helium ran at a flow
rate of 90 mL/min and interfaced through a Conflo III to an isotope
ratio mass spectrometer (Delta plus, Thermo Finnigan). The C and N
stable isotope composition of each sample was measured in the same
run. Nitrogen and carbon isotope data were reported in d-notation in
units of per thousands (%o) relative to the accepted international
standards: 6'*C%o relative to Vienna Pee Dee Belimnite (VPDB) and
5"N%o relative to atmospheric AIR. The delta values were calculated
as follows:

Ox = (Rygmp/Ryee — 1) X 1000 (1)
Ox is the isotope composition of the sample expressed in delta units
(%o, per thousands) relative to the reference material. Ry, and Ry
are the absolute isotope ratio of the sample and reference material,
respectively. The reference working gas CO, was calibrated with
USGS 24 (6"Cppg = —16.0%0), and the reference working gas N, was
calibrated with TAEA N1 (6N, = 0.4%o). The analytical precision
was 0.2%o for both C and N.

Multielement Analysis. The defatted dry mass of beef was
analyzed after microwave digestion using MARS (CEM Co.)
microwave digestion system. Briefly, 0.2 g of defatted beef sample,
10 mL of 65% HNO;, and 1 mL of hydrogen peroxide solution (31%)
were added into a PTFE digestion tube and digested for 40 min by
increasing the power to 1600 W and the temperature to 210 °C in a
stepwise fashion. The digested solution was diluted to 50 mL with
ultrapure water and stored in a plastic flask before analysis.*®

Twenty-three elements (Be, Na, Mg, K, Ca, Ti, V, Mn, Fe, Co, Nj,
Cu, Zn, Ga, Se, Rb, Sr, Zr, Mo, Sn, Sb, Ba, and Bi) were measured by
inductively coupled plasma mass spectrometry (ICP-MS, X Series 2,
Thermo Fisher, America). The standard matter of chicken
(GBW10018) was supplied by the Institute of Geophysical and
Geochemical Exploration of China and was used for calculating the
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recovery and accuracy. After the above-mentioned digestion process
and ICP-MS analysis, the recovery and the relative standard deviation
(RSD) of each element in the standard matter of chicken
(GBW10018) were >90% and <10% (measured in triplicate),
respectively, indicating the whole analysis method was validated for
elemental analysis. Analysis of each sample was performed in triplicate
and quantified using external standards analysis. All of the results were
expressed as the average of the triplicate measurements. The internal
standards, including Ge, Y, Rh, and Pt, were used to ensure the
stability of the instrument. The samples were remeasured whenever
the RSD of internal standards was >5%.

Statistical Analysis. Statistical analysis of the data was performed
using the SPSS 16.0 package for Windows. ANOVA was carried out
for each element. Duncan’s multiple comparison was performed to
determine the significant difference between the individual regions
when the F value was significant in ANOVA. To reduce the
dimensionality of the data set and to describe all of the variability of
the system using a smaller number of variables, principal component
analysis (PCA) was used. The first principal component (PC1)
describes the maximum possible variation, and the second PC
accounts for the second most and so on. Discriminant analysis
(DA) was also performed to evaluate whether cattle from different
origins could be distinguished by the analytical parameters. The most
significant variables were selected by stepwise analysis of all 69 beef
data sets, and then a back substitution test was used to evaluate the
prediction capability of the mode for each parameter. Prediction
capability is expressed as a percentage of correctly classified samples
relative to the entire data set.

B RESULTS

Differences in Stable Isotope Concentrations of
Defatted Beef among the Regions. The stable carbon
and nitrogen isotopic compositions of the DDM of beef are
shown in Figure 1. The beef samples from Heilongjiang (HLJ)
and Shandong (SD) provinces were characterized by higher
SBC values (=159 to —11.0%0 and —17.0 to —11.2%e,
respectively), as compared to those from Tibet (TB) (—23.9 to
—24.5%o0) and Yunnan (YN) province (—14.18 to —19.9%o).

In comparison to the carbon isotope ratios of these four
regions, the nitrogen isotope ratios for all beef samples were
rather homogeneous and in a narrow range from 2.8 to 5.7%o.
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Table 2. Mean Elemental Concentrations and Standard Deviations for 18 Elements in Defatted Beef Samples”

element SD? HLJ®
Na (mg/kg) 2321 + 407b 3152 + 31526a
Mg (mg/kg) 881 + 43b 842 + 24c
Ca (mg/kg) 289 + 31b 366 + 22a
K (mg/kg) 14730 + 1004c 15990 + 132b
Ti (mg/kg) 127 + 4b 135 + 9b
V (ug/kg) 21.5 + 4.4a 20.3 + 3.5a
Mn (ug/kg) 397 + Ra 185 + 58d
Fe (mg/kg) 599 + 6.7¢c 62.5 + 3.9b
Co (ug/kg) 5.50 + 0.5b2 3.99 + 0.55¢
Ni (ug/kg) 503 + 89c 384 + 50d
Cu (ug/kg) 1348.10 + 766.29b 1272.66 + 72.34c
Zn (mg/kg) 95.56 + 9.3¢ 1238 + 25.4b
Rb (mg/kg) 319 + 52a 220 +27b
Se (ug/kg) 239 + 24b 257 + 26a
Sr (mg/kg) 3.10 = 0.50a 2.16 + 0.25¢
Zr (ug/kg) 134 + 8.0c 77.6 + 5.3a
Mo (ug/kg) S1.1 + 11.2¢ 79.2 + 6.0b
Ba (ug/kg) 170 + 40b 112 + 25d

YNd
2116 + 306b
973 + 34a
322 + 41a
15890 + 114b
146 + 1la
13.5 + 2.4c
215 + 41c
59.1 £ 3.1c
349 + 0.17¢
744 + 120a
1218.59 + 238.44c
83.8 + 10.7¢
292 + 2.7a
219 + 3lc
2.84 + 0.73b
39.3 £ S.1b
78.2 + 5.6b
144 + 28c¢

TB¢
2246 + 167b
992 + 37a
266 + 27b
18248 + 876a
140 £ 19a
19.9 + 5.6b
303 + 48b
99.9 + 7.5
6.14 + 0.37a
610 + 94b
1747.40 + 433.13a
159.9 + 9.6a
12.5 £ 1.9¢
155 + 15d
1.22 + 0.23d
464 + 5.7b
96.1 + 11.9a
289 + 18a

“Values represent means + SD. Values followed by the same letter are not significantly different at P < 0.05 according to Duncan’s multiple-range
test. “SD, Shandong province. “HLJ, Heilongjiang province. 4YN, Yunnan province. “TB, Tibet Autonomous Region.

As shown in Figure 1, significant differences existed between
samples from cultivated lands and pasture locations. The
nitrogen isotope values ranged from 3.6 to 5.7%o for SD beef,
from 3.0 to 4.9%o for HL] beef, from 4.9 to 5.6%o for YN beef,
and from 2.8 to 4.1%o for TB.

Differences in Multielement Concentrations of Defat-
ted Beef among the Regions. It has been shown by the
ANOVA test that 18 of 23 elements (Na, Mg, K, Ca, Ti, V, Mn,
Fe, Co, Ni, Cu, Zn, Se, Rb, St, Zr, Mo, and Ba) in the defatted
beef were significantly different among the four regions (Table
2). As indicated by Duncan’s multiple comparison, each region
had a characteristic element content fingerprint. For SD
samples, the contents of Mn and Sr were the highest among
the four regions. HLJ samples were generally characterized by
the highest contents of Na, Se, and Zr. YN samples had the
highest content of Ni. TB samples could be separated from
others on the basis of their higher contents of K, Fe, Cu, Co,
Zn, Ba, and Mo.

Principal Component Analysis and Discriminant
Analysis. Two stable isotopes and 18 elements in the defatted
beef samples from these four regions were analyzed using PCA
(Figure 2). The first four factors explained 77% of the total
variability. The values of 88C, Fe, Cu, Zn, Mo, and 6N had
the highest weight on the first PC (explaining 31.5% of the
variability), and TB samples could be distinguished. Na, Ca,
and Se dominated the second PC (explaining 25.1% of
variability), and HLJ samples could thus be separated from
the others. Ni and Ti contents showed the highest weight on
the third PC (explaining 14.9% of variability), and YN samples
can be recognized. It was more difficult to explain for the
grouping of elements in the remaining PCs, where the
dominant elements were Cu and Co in PC4, Rb and Sr in
PCS, and Zr in PCé6.

For a better understanding of the discriminating efficiency of
each element, linear discriminant analysis was carried out on
the basis of 2 stable isotopes and 18 elements composition of
defatted beef samples. Eight elements (5"*C%o, 6"*N%0, Mg, K,
Mn, Zn, Se, and Zr) were selected to establish a classification
model using a stepwise discriminant procedure, which was then

7057

3 3

2 b 3 42
k-

4
oo, 9 o B &
A4k bt = = o E’?.-—r__.— og i
Lo By o
2 < -2
3 1 L 1 I I 3
3 2 -1 0 1 2 3
PCA1
3 3
2 v 42
W v
% 8 g
0.0

3] = a A
3 ’ 2 o ? s i
o o o

Ak . 1.4

2} i

3 1 1 1 I 1 .a

3 2 -1 0 1 2 3

PCA1

Figure 2. Principal component analysis of defatted beef from four
regions: () SD; (O) TB; (A) YN; (V) HLJ.

evaluated by a cross-validation procedure. A satisfactory
classification was obtained with an overall correct classification
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rate of 100% and a cross-validation rate of 100% (Table 3).
This classification model could clearly discriminate samples
among four different regions.

Table 3. Classification of Beef Samples in Different Regions
and Percentage of Observations Correctly Classified

predicted group membership®

SD” HLJ° YN? TB° tota
original count SD 16 16
HLJ 14 14
YN 15 15
TB 24 24
% 100 100 100 100 100"
cross-validated count SD 16 16
HLJ 14 14
YN 15 15
TB 24 24
% 100 100 100 100 1008

“The number of correctly classified observations are tabulated
diagonally. bsD, Shandong province. “HLJ, Heilongjiang province.
4YN, Yunnan province. “TB, Tibet Autonomous Region. 7100% of
empirical grouped observations correctly classified. €100% of cross-
validated grouped observations correctly classified.

B DISCUSSION

The §'*C value in beef has been found to be highly dependent
on the diet composition, particularlZ with regard to the
proportion of C; and C, plant material.*® > The feeds of cattle
from these four regions mentioned are significantly different
from each other. For example, Shandong and Heilongjiang
provinces are located in eastern China, where maize is one of
the primary crops. The cattle from Shandong and Heilongjiang
provinces are mainly fed C, plant maize, whereas rice straw,
soybean, and wheat account for only a small proportion of feed.
Yunnan is located in southwestern China, where cattle are fed
both C; and C, grasses, whereas for Tibet, the climate there is
very special and its altitude is as high as 4800 m. Cattle from
Tibet are mainly fed C; grass. Such different diet compositions
may result in higher 5"°C values in the beef samples from
Shandong and Heilongjiang, as compared to other two
provinces, in which the 6"3C value in the beef from Tibet is
the lowest. These data are in good agreement with the findings
by Guo et al,”® who observed that the 5'°C values in beef
DDM samples from Jilin are in the range from —15.6 to
—10.9%o, because Heilongjiang is adjacent to Jilin, and both
provinces possess similar crops and climates. In a previous
study, Schmidt et al. investigated the discrimination of organic
beef from conventional beef by lower carbon isotopic
composition, because fodder for the former is abundant in C,
plants. It has also been believed that the 5"*C%o value of beef
above —20%o was not in accordance with organic farming for
central Europe.”' In our work, lower 6*C%o in the beef from
TB was detected, as compared to that of samples from other
locations, because the cattle living in TB were predominantly
fed C; grass rather than C, plant maize.

Both diet and region are the main factors influencing the
value of 5N in cattle tissue.”®*” Cattle from Shandong and
Heilongjiang mainly fed on cereal feed, whereas those from
Yunnan mainly fed on pasture. The cereal crop used as the feed
was grown with the help of synthetic nitrogen-based fertilizers,
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which may lead to lower 5'°N values in the cereals that will
then be transformed to the cattle through ingestion.*** This is
why the 6"°N value in the beef from Yunnan was significantly
higher than that in the cattle fed on cereal. The §"°N value of
beef from Tibet was the lowest among the four regions. It is
indicated that leguminous grass directly utilizing atmospheric
nitrogen (such as clover) is the main pasture in Anduo county,
Tibet Autonomous Region,29 and the high elevation could be
another key factor influencing the 5'°N value. As reported by
Bontempo et al, 5"°N was confirmed to be <4%o for alpine
products of milk and cheese, which is comparable with the
present study.>

It has been shown in the present study that the beef in each
region had a typical profile of element composition. Multiple
elements were also analyzed as one promising group to
determine the origin of beef because their retention from the
local environment can provide a site-specific geographic profile.
The multielement profiles of soil are different with regard to
several environmental and geographical factors.’® Heze city is
located in the central eastern plain of a section of the Yellow
River. Certain element contents (Mn and Sr) in the soil there
were higher than in the other three locations.”” At another site,
Harbin city, certain element contents (Na and Zr) in the soil
were higher than at the other three locations.”” In addition,
because this area is the main crop production region, certain
essential elements such as Ca and Se may easily accumulate in
the soil. Certain element contents (Ti and Ni) in the soil of
Yunnan province were higher than their average levels in China,
resulting in the accumulation of such elements in the beef from
Yunnan. Tibet is special in both location and climate.
Specifically, for Anduo county, abundance mineral resources
such as Fe, Zn, Cu, and Mo have been discovered.*® Migration
of certain elements throu%h the food chain has already been
found and quantified”*” According to these differences,
multielement analysis was used for the classification of beef
samples based on their original regions in China.

In a previous study, Franke et al. has demonstrated the
suitability of element signature for authentication of poultry
meat and dried beef samples from different origins, including
Switzerland, Austria, Australia, the United States, and Canada.
The results showed that the element compositions were
significantly different among samples from various locations,
and thus they could be discriminated on such basis.** The
element contents were also found to be varied in beef samples
from four regions of China, in which Se, Sr, Fe, Ni, and Zn
were regarded as good tracers for beef origin identification,
which could result in 98.4% correct classification for all
samples.** In our study, it was shown that the beef samples
from different regions in China possessed their typical
multielement profile mainly based on the elemental composi-
tions of the local soil. The beef from different regions was also
analyzed using IRMS and ICP-MS by Heaton et al. After
multivariant analysis, the beef from identified geographic
origins was correctly classified.” In the present study, the
combination of stable isotope and multielement data can be
successfully adopted for the classification of the geographic
origin of beef after PCA and DA.
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