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Abstract: [Objective] Stable hydrogen isotope analysis was investigated for its potential in classification of lamb meat
samples according to their geographical origins, aiming to provide a basis for the establishment of traceability indicator system of
lamb meat in China. [Method] The 8°H values of defatted lamb meat originating from three pastoral regions including Alxa League,
Xilin Gol League and Hulunbuir City of Inner Mongolia, and two agricultural regions including Chongging and Heze City were
determined by Isotope Ratio Mass Spectrometry (IRMS). Analysis of variance (ANOVA) and correlation analysis were used to
investigate the difference and the change of 8°H value in lamb meat depending on the geographical origin. Moreover, cluster analysis
(CA) and discriminant analysis (DA) were applied to find out the role of hydrogen isotope in the discrimination of geographical
origin of lamb meat combined with carbon and nitrogen isotopes. [Result] There was a significant difference in 6°H value of
defatted lamb meat from different regions, and the 3*°H value in lamb meat was highly correlated with the 8°H value of their drinking
water. The discriminant results showed that §°H value could enhance the discrimination power of the combination of §°C and §°N
for lamb meat, and the improved total correct classification rate was from 80.8% to 88.9%. [Conclusion] The stable hydrogen
isotope can provide reliable origin information and can be used to trace and authenticate the geographical origin of lamb meat.
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Table 1 The geographical origin and feeding information of lamb
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S LN X 115°08"  42°21' 1280  CoHMURi(Hlmass, Ki) 2008.9 19

Taipusiqi, Xilin Gol League Pastoral region Cj pastures (Elymus nutans, Artemisia )

AR DURTRFRLR X X 119°40"  49°06' 632 CoMUfi(Bmns, ki) 2008.9 20

Hailaer, Hulunbuir City Pastoral region C3 pastures (Elymus nutans, Artemisia )

Wi 4725 S o 2 /i X 105°23'  37°53' 1372 CoMICHUR(HIVE, i) 2008.10 20

Alxa Zuoqi, Alxa League  Pastoral region C3, C4 pastures (Salsola ruthenica, Bluestem grass)

BN KX 108°24"  30°50’ 297 CoEARMIE(=ME, H1E) 2008.12 20

Chongging City Agricultural region C3 Leguminosae grasses(Clover, Alfalfa)
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Heze City, Shandong Agricultural region
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Maize and C3 plant
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Fig. 1 The 8%H value of defatted lamb meat from five regions
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Fig. 3 Dendrogram of cluster analysis using 5°C and 5'°N values
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Table 2 The cross validation classification results of linear discriminant analysis obtained from stable isotopes of lamb meat

samples of different origins

Hiis §cty 5N1Y SHIK 3°C. 8°N  3®C. "N, &H
Region 8%Cvalue &™Nvalue  &°H value PitRbr & ik
Combination of Combination of
38Cand 3N 8C, "N and 5°H
A IX #RIX Agricultural region 425 94.7 0 98 92,5
Agricultural region 44 [ pastoral region 932 100 100 925 98.3
Vs Pastoral region
AR IERG I Total correct classification (%) 72.7ab 97.9a 59.6b 96a 96°
AN H I Fi[ i 3% B Alxa League 65 35 100.0 90 100
Individual BRI Xilin Gol League 211 63.2 216 63.2 789
region
A8 DUR TS Hulunbuir City 70 20 65.0 75 75.0
Ji T Heze City 25 75 70.0 80 90
HERTT Chongging City 65 95 40.0 95 100
AR IERG 52 Total correct classification (%) 49.5¢ 57.6bc 59.6bc 80.8ab 88.9a

AFVNE FRERIRTE 0.05 KV LHEEMEZR Values followed by the different lowercase letters are significantly different (P<<0.05)

80.8%. fEHI NSHIE G, FE i 18R AT XK 56 1 7
PR — R F) 88.9%, JUH R, 1
e DUJR T 0 o 7 3 B 3 A0 X 2 [, 9 y28 Tl R B R i
PRAN AR DX 2 BT 1 BB PRI (R 3D« IXR
W 7 SPHAELAE [X 43l M4 28 A0 A= 77 T 2L 1 X R
a5 AR RS . AT, FIFIS®H. 8CHIS N X
PR R EAT FU AR A R, I A A K

QI

Y siama = -1098.86-8.28 3'°C+23.99 §'°N-16.31
8°H;

Y st = -1168.54-8.59 §°C+ 25.07 3°N-16.79
8°H;

Y @msm = -809.13-6.91 §°C+ 23.43 §"°N-13.82
8°H;
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Y e = -933.63-7.81 3°C+ 18.39 5'°N-15.20 8°H;

Y igw = -1011.64-8.88 §'°C+15.10 §"°N-15.81
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Table 3  Origin assignment of lamb meat from different regions by the combination of stable isotope indicators

HETEIR Ji I 25 5] T A)JE 25 Predicted group membership At
Combination of indicators Original group Total
XL HL AL HZ CQ
§8C M1 3BN XL 12 7 0 0 0 19
83C and 3N
HL 5 15 0 0 0 20
AL 1 1 18 0 0 20
HZ 0 0 1 16 3 20
CcQ 0 0 0 1 19 20
§%C. 3"NAM &H XL 15 4 0 0 0 19
8C, 5N and 8°H
HL 5 15 0 0 0 20
AL 0 0 20 0 0 20
Hz 0 0 0 18 2 20
CcQ 0 0 0 0 20 20

XL: SIWRFREIEE; HL: WG DURT; AL: BIRE 8, HZ: S5ETT; CQ: PR
XL: Xilin Gol League; HL: Hulunbuir City; AL: Alxa League; CQ: Chongging City; HZ: Heze City

R4 87C. 3N, 3 HIBIREAMFIRIRBARKRITHERHE

Table 4 Discriminant function coefficients and total variance explained by the combination of 5'3C, "°N and §°H indicators

[ R b S5 s BbriEfk R % Standardized canonical discriminant function coefficients
Isotope indicator PR % 1 Function 1 R %I 2 Function 2 PR %1 3 Function 3
3 0.372 -0.018 0.929

3N 0.334 0.943 -0.149

&H 0.815 -0.497 -0.332

J7 Z k3 Variance contribution (%) 55.5 44.2 0.3
T 77 Z 5Tk % Accumulated contribution of variance 55.5 99.7 100

3 tig
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