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Rapid detection of adulterated milk by low-field nuclear magnetic resonance

combined with chemometric method
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Abstract: Low field nuclear magnetic resonance ( NMR) technique
was used in this study to detect adulterated milk (mixed with water,
salt, urea and sucrose) and pure milk, combining with principal
component analysis method ( PCA ), partial least squares
discriminant analysis ( PLS-DA) and linear discriminant analysis
(LDA) The results showed that adulterated milks showed a certain
regularity distribution with adulterant proportion in the PCA score
plot, and was easy to identify. PLS-DA and LDA were used to estab-
lish the discriminant models for all adulterated milks. The accuracy
discrimination rates using these two methods to detect milk adultera-
ted with water and urea both were 100% , However, when the two
methods were utilizied to investigate the milk mixted with salt or,
sucrose respectively, the accuracy discrimination rates were 83.33%
and 100% , or 73.33% and 76.67%. Thus, PCA, PLS-DA and LDA
could be used for the rapidly analysing data of low field NMR, and

LDA showed the highest identification accuracy.
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Figure 1 CPMBG relaxation spectra of pure milk and

4 adulterated milk samples
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Figure 2 Scatter plot of principal component 2 versus principal component 1 scores from a principal component analysis per-

formed on pure milk and different adulterated milks
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Table 1 The analysis results with PLS-DA model of adulterated milk samples
LIS LRl
B , - - —

R? RMSEE  ¥|5%|% /% R} RMSEP i/ %

B 0.997 0.098 100 0.996 0.109 100.00

BIRE 0.985 0.210 100 0.984 0.225 100.00

BEHAY 0.949 0.384 100 0.945 0.411 83.33

B 0.933 0.442 100 0.927 0.475 73.33
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Figure 3 The prediction result of adulterated milk test set samples
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Table 2 The result of blending water milk samples

discriminated by LDA

¥ 5 SCBRZFEH] BMAER] KB/ %
1~5 0 0
6~10 1 1
11~15 2 2
100
16~20 3 3
21~25 4 4
26~30 5 5

T0~5 fREARFA B s Ll
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Table 3 The result of blending urea milk samples
discriminated by LDA

s JBRZFEH] BMAEH] KB HER R/ A
1~5 0 0
6~10 1 1
11~15 2 2
100
16~20 3 3
21~25 4 4
26~30 5 5

T 0~5 fRUERA R B W B Bl .
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Table 4  The result of blending salt milk samples
discriminated by LDA

¥5 PRSI BEMAEH] FIHHER R/
1~5 0 0
6~10 1 1
11~15 2 2
100
16~20 3 3
21~25 4 4
26~30 5 5

T 0~5 HREARFB By BB sl.

B4R S X o Wk . i doc /I Z 30 00 43 17 A0 4Rk
JA3AT LA 90 A IE B Rl E AT HEAS L 58 S A5 A 43 5 R [
B Y 30 NI IEERE AT, Bk Y B IR E
i B a4 1145 R A 5 B IE B 50 20 B 100%
100%,83.33%0,73.33% , LRHEH BN 5t Bk A4 B IRE
U B LR B R A U I TR B S 43 5 1002,
100%,100% ,76.67 % , MR 25 R vl LI& i, 4240 50 43



E2EETH

W S 25+ A 0 R 3 R 5 5 A2 v 2 RS D 4B 4 )

RO BEESDH LDAHZIER

The result of blending sucrose milk samples
discriminated by LDA

Table 5

¥ 5 SCBRZEHN WM H Ak Y
1~4 0 0
5 0 1
6 1 1
7 1 0
8 1 1
9 1 0
10 1 1
11~15 2 2 76.67
16~20 3 3
21~22 4 4
23~24 4 3
25 4 4
26 5 4
27~29 5 5
30 5 4
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