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Abstract; Objective The method of rapid detection of main ingredients in infant formula milk powder was studied by
near infrared spectroscopy. Methods A total of 100 samples of 12 brands of infant formula were collected, and
10 000-4 000 ¢m ™' band of near-infrared spectra were collected. The calibration model was established by principal
component regression and partial least square method. Results The model predicted the best result by partial least-squares
method and standard normal variable transformation pretreatment. The predicted variances of main ingredients, protein,
fat, dietary fiber, moisture, ash, carbohydrate and energy were 98.44% , 97.40% , 96.18% , 96.74% , 96.97% ,
96.55% and 95.35% , and the estimated standard error were 0. 354 2, 0.473 8, 0.201 4, 0. 105 8, 0.093 61, 0.520 7
and 13. 64. For external validation of the model, the predictive value of 7 main ingredients of the predicted sample was
compared with that of the laboratory test result. Comparison result of relative error and relative deviation were below
5.00% . The result of seven main ingredients met the precision requirements of national standards. Conclusion The
method could be used to determine the quantity fraction and quantity of protein, fat, dietary fiber, moisture, ash,

carbohydrate and energy in infant formula and the quality.
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Table 1 Accuracy of the model is given under different pretreatment methods
PLS PCR
A 7% 53 3% AL 2R 7 E , N ] £ , o ]

- R*/% SEE/% SEP/% . R*/% SEE/% SEP/%
¥ 6 94. 61 0. 660 3 0.682 8 12 98. 04 0.419 6 0.474 6
S 6 94. 61 0. 660 4 0.6829 12 98. 04 0.419 4 0.474 3
sl T+ — SR 4 95.37 0. 606 7 0.614 3 11 97. 31 0.477 9 0.522 6
TW + — S8+ MSC 7 98. 41 0.360 6 0.3823 13 98. 43 0.360 3 0.380 6
T+ — B S8 + SNV 7 98. 44 0.354 2 0.371 8 13 98. 48 0.359 2 0.394 4
W 4 90. 36 0.910 5 0.9250 13 96. 83 0.577 5 0.632 4
I 4 90. 36 0.910 5 0.924 3 13 96. 64 0.5912 0.650 3
Ng i EW o+ — S 7 95. 89 0. 604 0 0.6212 9 95.59 0.546 0 0.692 9
TN+ — B S8 + MSC 8 97. 39 0.484 0 0.499 3 14 97. 07 0.543 4 0.581 8
U+ — B 4+ SNV 8 97. 40 0.473 8 0.498 1 14 97.15 0.534 1 0.5717
¥ 7 86. 57 0.373 6 0.390 6 14 94. 57 0.204 1 0.235 8
R 6 86.53 0.374 0 0.391 1 13 94. 58 0.203 7 0.235 4
45 4 W+ — B SR 8 94. 83 0.2333 0.245 8 11 93. 65 0.264 8 0.283 4
P+ — B S8+ MSC 9 96. 17 0.203 1 0.2118 14 95.08 0.207 0 0.217 3
W+ — B S8 + SNV 9 96. 18 0.201 4 0.208 8 14 95.15 0.200 1 0.209 0
¥ 4 83. 47 0.234 1 0.237 2 13 96. 96 0.1215 0.1356
S 4 83. 47 0.234 1 0.237 2 14 95.72 0.127 3 0.140 9
Kar T+ — B SR 6 92. 42 0.159 5 0.162 8 12 95.08 0.133 3 0.144 8
TW + — S8+ MSC 7 96.71 0. 106 8 0.110 8 13 96. 60 0.1232 0.120 6
T+ — B S8 + SNV 8 96. 74 0.105 8 0.110 1 14 96. 82 0.113 4 0.110 2
T 5 85.56 0.2102 0.213 8 14 96. 00 0.114 1 0.1219
A 5 85. 56 0.202 3 0.206 7 14 96. 00 0.114 1 0.129 1
s SEW + — S8 7 94. 24 0.128 7 0.133 2 12 94.77 0.126 7 0.1325
-+ — B S8+ MSC 9 96. 96 0. 094 60 0.097 11 14 96. 02 0.1025 0. 106 7
i+ — B8+ SNV 9 96.97 0.093 61 0.096 21 15 96. 32 0.100 5 0.107 7
¥ 6 89. 90 0.880 9 0.902 3 15 96. 83 0.527 7 0. 605 8
- 5 89. 90 0.8810 0.902 4 14 96. 61 0.542 7 0.618 5
ﬁ,,%ﬂi SEW + — S8 7 94. 81 0.623 5 0.647 0 9 95. 17 0.618 7 0. 656 1
HokALs i+ — B g+ MSC 8 96. 43 0.597 2 0.623 5 12 96. 19 0.616 3 0.673 5
EW + — B S8k + SNV 8 96. 55 0.520 7 0.5417 13 96. 99 0.516 3 0. 603 5

& 3 91.39 18.03 18. 34 15 96. 43 12.93 14. 10

S 3 92. 02 17.92 18.19 15 96. 43 12.93 14.10

fig it T+ — S 5 93. 44 15.83 16. 19 7 95.12 14. 45 15.15

W+ — B S8k + MSC 4 95.19 13. 69 13.85 11 95.93 12.15 13.20

W+ — B %+ SNV 4 95.35 13. 64 13. 64 11 96.93 11. 65 12. 50

T O 4 prs, — B AR R S HCN 6 pts
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Figure 1  Sample spectrogram of infant formula milk powder
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Figure 2 Sample spectral pretreatments
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Table 2 Verification results of 7 components in the PLS model

A 53 RERTH RV/% SEE/%  SEP/%
EHSP 7 98. 41 0.360 6  0.2910
5 1 9 98.13 0.4130  0.603 1
i £ 2T 4 8 97.17 0.174 4 0.3476
K4y 9 97.98 0.0846 0 0.206 8
R4y 8 96. 20 0.1052 0.1529
AR K LB 8 96. 55 0.5207 0.6629
fig 5 95.50  13.17 14. 04
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3.47% 1.37% F1 0.98% , - 5 45 X} I 2= 29 5l A
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Table 3 Calibration model compares the predicted values of the set samples with the laboratory test values
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BRI =7 1 D P D T T TR S S 1< D07 DG I TR N = £ DL 7 2 P L e = 7 5 P I P PO R
/% %/% /%  E/% E/% R/%  E/U%  E/%

/% 3/% 2/ % /% {H/% R/% 2/ % 2/ %

11.41 11.20 1.88 1.86 23.92 23.60 1.35 1.36
15.20 15.40 1.30 1.31  21.62 21.00 2.91 2.95
15.90 15.70 1.27 1.27  19.00 18.30 3.75 3.83
15.96 15.50 2.97 2.92  15.60 15.10 3.26 3.31
15.65 16.10 2.80 2.83 20.94 20.40 2.61 2.65
11.88 12.40 4.19 4.28 25.98 26.10 0. 46 0. 46
10.73 11.10 3.33 3.39  25.12 24.60 2.09 2.11
10.55 10.30 2.43 2.40 24.51 24.20 1.27 1.28
15.85 15.70 0.96 0.95 20.75 20.60 0.73 0.73
18.05 17.80 1.40 1.39  21.34 21.50 0.75 0.74
18.25 17.60 3.69 3.63  21.92 22.70 3.50 3.44
12.68 12.50 1. 44 1.43  24.77 25.60 3.30 3.24
10. 81 11.30 4.34 4.43  24.52 25.40 3.53 3.46
16.75 16.80 0.30 0.30 21.40 21.60 0.93 0.93
11.49 11.30 1.68 1.67 26.81 27.30 1.81 1.79
16.49 16.80 1.85 1.86 21.51 21.10 1.92 1.94
16.49 16.50 0. 06 0.06 21.21 20.60 2.92 2.96
15.18 15.30 0.78 0.79 20.85 20.40 2.18 2.21
15.18 14.70 3.27 3.21  21.41 21.20 0.99 0.99
15.18 14.80 2.57 2.54 21.41 21.00 1.93 1.95

[S5]

o o el e S S e A o = R

.89 3.00 3.67 3.74  2.39  2.50 4.40 4.50
.86 3.00 4.67 4.78 2.52  2.63 4.18 4.27
86  3.00 4.67 4.78 2.07 2.11 1.90 1.91
76 0.79 3.80 3.87  2.30 2.40 4.17 4.26
57 1.50 4.67 4.56  2.78 2.89 3.81 3.88
06 1.97 4.57 4.47 2.82 2.93 3.75 3.83
81 2.69 4.46 4.36  2.02 2.08 2.88 2.93
88  2.76 4.35 4.26 2.41 2.51 3.98 4.07
43 3.60 4.72 4.84 2.41 2.31 4.33 4.24
00 0.96 4.17 4.08 2.59 2.48 4.44 4.34
.15 1.10 4.55 4.44  2.23 2.14 4.21 4.12
00 0.96 4.17 4.08 2.54 2.44 4.10 4.02
12 3.00 4.00 3.92 4.23  4.42 4.30 4.39
45 3.60 4.17 4.26  2.79 2.68 4.10 4.02
72 2.85 4.56 4.67 2.24 215 4.19 4.10
10 3.23 4.02 4.11  2.29 2.20 4.09 4.01
08 3.23 4. 64 4.75  2.51  2.62 4.20 4.29
10 3.23 4.02 4.11 2,15 2.22 3.15 3.20
36 1.30 4.62 4.51 1.83 1.77 3.39 3.33
.36 1.31 3.82 3.75 1.79 1.72 4.07 3.99
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{8/ % B/ % 2%/ % 22/ % &/ % B/ % 2%/ % 22/ % /(kJ/100 g) /(kJ/100 g) 22/ % 2/ %
2.68 2.58 3.88 3.80 58.25 57.12 1.98 1.96 2091.5 2 059.0 1.58 1.57
3.27 3.16 3.48 3.42 55.10 54.81 0.53 0.53 2017.5 1995.0 1.13 1.12
3.78 3.62 4.42 4.32 57.96 57.27 1.20 1.20 1975.8 1942.0 1.74 1.73
3.70 3.86 4.15 4.23 62.01 63. 14 1.79 1.81 1905.2 1892.0 0.70 0.70
3.72 3.88 4.12 4.21 56. 68 56.73 0.09 0.09 2 010.2 1993.0 0. 86 0. 86
3.10 3.22 3.73 3.80 56.33 55.35 1.77 1.76 2119.8 2 117.0 0.13 0.13
2.85 2.93 2.73 2.77 58. 05 59.29 2.09 2.11 2 099.9 2107.0 0.34 0.34
3.05 2.93 4.10 4.01 58.95 60. 04 1.82 1.83 2 068.1 2091.0 1.10 1. 10
2.89 2.81 2.85 2.81 54.73 54.98 0.45 0.46 2 002.3 1993.0 0.47 0.47
3.99 4.15 3.86 3.93 52.86 53.11 0. 47 0. 47 2017.0 2 009.0 0. 40 0. 40
2.75 2.76 0.36 0.36 52.41 53.70 2.40 2.43 2026.9 2 061.0 1.65 1. 67
3.39 3.54 4.24 4.33 55.68 54.96 1.31 1.30 2 097.2 2102.1 0.23 0.23
2.45 2.38 2.94 2.90 54.67 53.50 2.19 2.16 2 053.3 2 065.1 0.57 0.57
4. 46 4.65 4.09 4.17 51.22 50. 67 1.09 1.08 2025.3 1975.0 2.55 2.51
3.33 3.22 3.42 3.36 53. 18 52.76 0. 80 0.79 2 088.2 2129.0 1.73 1.75
4.02 3.89 3.34 3.29 53.18 52.78 0.76 0.76 2 000. 4 1989.0 0.57 0.57
4.05 3.91 3.58 3.52 53.19 53.14 0.09 0.09 2 000. 4 1972.0 1.44 1.43
4.29 4.48 4.24 4.33 55.33 54.37 1.77 1.75 2 001.1 1965.0 1.84 1.82
3.55 3.42 3.80 3.73 57.61 58.91 2.20 2.23 2 026.2 2 024.0 0.10 0.10
3.75 3.91 4.09 4. 18 57.52 58. 63 2.40 2.43 2 026. 1 2017.0 0. 44 0.43
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