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Abstract: The online non-contact in-situ spectral detection technology of milk powder compo-
sition is very beneficial to dairy production enterprises, which is very important for proces-
sors to evaluate the quality of products in real-time. Raman spectroscopy is a very commer-
cial potential in-situ spectral detection technology. This paper analyzes the feasibility of in-
situ Raman spectroscopy in detecting the main components of milk powder (fat, protein, lac-
tose, etc. ). The Raman spectrum experiments of skimmed milk powder and whole milk
powder with different mixing ratios were carried out, and the statistical laws of Raman spec-
trum characteristic peaks and fat content were studied. The prediction model based on the
partial least squares regression method was established, and the fat content was predicted
based on the regression model. The determination coefficient of the regression model was

more significant than 0. 9886, and the root mean square error was less than 0. 6248. In con-
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clusion, in situ, Raman spectroscopy has potential commercial application value for the on-

line evaluation of milk powder quality.

Keywords: Raman spectroscopy; Milk powder; Partial Least squares regression; Quantitative

analysis
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Table 1 Composition of mixed milk powder

B Y] B I 5 o KIS

5 ) I JB & 43 A8 LUy

I3 H (X107 (X107%) Fr(x1072)
1 0. 00 32. 60 1. 30 54.50
2 0.05 32.16 2.59 54.03
3 0.10 31.72 3. 87 53.55
4 0.15 31.28 5.16 53.08
5 0. 20 30. 84 6. 44 52. 60
6 0.25 30. 40 7.73 52.13
7 0.30 29. 96 9.01 51. 65
8 0.35 29. 52 10. 30 51.18
9 0. 40 29. 08 11.58 50. 70
10 0. 45 28. 64 12. 87 50. 23
11 0.50 28. 20 14.15 49.75
12 0.55 27.76 15. 44 49. 28
13 0. 60 27.32 16.72 48. 80
14 0. 65 26. 88 18.01 48.33
15 0.70 26. 44 19. 29 47. 85
16 0.75 26. 00 20. 58 47. 38
17 0. 80 25.56 21. 86 46. 90
18 0. 85 25.12 23.15 46. 43
19 0. 90 24. 68 24. 43 45. 95
20 0.95 24. 24 25.72 15. 48
21 1. 00 23. 80 27.00 45. 00
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Fig. 1 Schematic diagram of the optical path structure of

the experimental system
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Fig. 2 The original Raman spectra of whole milk

powder were corrected. (black curve: cor-

rected Raman spectrum)
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Fig. 3 Normalized Raman spectra of 21 kinds of mixed milk powder
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Fig. 4 Raman spectra of skimmed milk powder and whole milk powder with different mixing ratios
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Table 2 Band assignments of milk powder Raman spectra
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shift/(ecm™1)
354 Lactose [17][18]
448 Lactose [17][18]
S0 xC 0 Gl (g
1004 Phenylalanine ring breathe [177[18]
1080 v(C—CO) [17][18]
1118 W(C—0O) [17][18]
1121 v(C—0) [17]C18]
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1303 SCCH3) wwisting [17][18]
1448 SCCH2) twisting [17][18]
1659 W(C=0) [17]C18]
1743 W(C=0) [17]018]
2815~2947 vw(C—H) [17][18]
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