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Sl
1.4 REEMNIGE

AR I HRAE 501 0318 35 34N Z 1 (R B el e 1
TCRAERZYRE ) 1~6 IR I FLBY BE 0~305 d 45
SR 0 B AR ME R Z B G A W5 R &, BB A
YU B A7 A RE 5 D501y WA, BIER MIRS )
I, [CBE B (Mahalanobis distance , MD) <3 . 4= i A
E&Eiﬁ%ﬁ(%%o% XK B
(8 TERCE I 540y, 3R A5 FH T HE AR RN 50 0E 9 o B
ML 1R,
1.5 WEIMET

DEARER ;. AR B-FLIERE ALY
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Table 1 Effective sample size and time distribution
KAL)/

(4E-H) ) y PSR y U
Samli WHA  HEHB HBC WD HMBE TH
SUMPINE - pim A FarmB FarmC FarmD FarmE - NX

time/(year-

month)

2022-03 0 0 0 0 0 42
2022-04 15 0 1 10 6 36
2022-05 17 0 10 8 9 52
2022-06 16 0 10 10 10 28
2022-07 15 18 0 0 0 0
2022-08 12 11 0 0 0 0
2022-09 17 20 0 0 0 0
2022-10 17 20 0 0 0 0
2022-11 17 20 0 0 0 0

PEEAT I 4325 . I R E R 10 ARG T A e R 1
TINZE A IR 25 R R v Az AL Re T .

2) SRR T RO A Bk SRR SR . A
FOOR B, 7E g AR 22 T, i A=l (1/T) ¥ LLis
SRR WD CTE B R A S WO EE o AE 37 AR
IR e IS AT A R AL B, B 0= 2 BROE IS R
LR IREE A SRR R Rk A
9% K Jo bk 4k (none) . 19— 1 (min-max scaling,
MMS) . 5 #E b (standardscaler, SS) . ¥4 {H H 0> 1k
(mean-center, MC) . #5 #E 1E 25 48 # 48 4t (standard
normal variate transformation, SNV) | £ 5l - 2 5F- i
(moving average, MA) | 45 1 (savitzky golay,
SG) . — =4y (first difference method, D1) \ - fh 72
41 (second order difference, D2) | 4 # 4% 1F (detrend
correction, DT) \ Z JUHI S £ 1E (multiplicative scatter
correction, MSC) . /N % 7% # (wavelet transform,
WAVE) 12 FJ7 200 6 15 Bl 2247 32 25 2 WA R AE
TAb R

VBT . H AR B-FLER AR S B E AL

EAE R RAS &, 280 T Ak PR F 3 i BURRAIE % B S
(R DG T AR Ay T A% e AT RS, AS B 9T S A I
fe /v = 3¢ [n] 19 (partial least squares regression,
PLSR) #H57%
1.6 REFEMIEIR

ARG ) I A2 S Uk £ B 5E R K (coefficient of
determination of calibration, R.?) .28 X 4 ilF £ 35 J5 MY
1% 22 (root mean square error of calibration, RMSE,.,
AR 2 RoR) HALE R E 228 (coefficient of de-
termination of prediction set, Ry”) .M 4E 4 5 A i 22
(root mean squared error of prediction, RMSE,,, 23 2
& 2R ) AP fig I 22 L (ratio of performance to
deviation, RPD, A3 H m R ) LA TP BT M g
DA ) fe AR HAR AR

N ,
Sy —3u)
RP=1— = 9
sz@'
& oy
gZB%*y”
=N
STDy,

m=

Horay, F1y, 40 SARFE 3 il i o B 4 1) L 52
fEAFUAE . &y (A, NICREEA SR,
STDp I REREAR I FRIEZE

2 ZEREHH

21 Hs - BERSENER ST

HH 3R 2 AT, A8 SCHG R A AR A g v B-FL3k
FEAM RSN 2.97 F12.79 g/L; AW p-FLERE
i ELA I AR S AR S R B R 37.04 %
H139.07 %% , RUIFEA BA — & 1) SRR, 7T
FHTE S A

R2 HHhp-AREANESE
Table 2 The content of 3-lactoglobulin in milk

FEARSE Bt /A THIME/ (g/L) bRt/ (g/1) RS ZH fe/Ma/ (g/1) KM/ (g/1)
Sample Set Number of samples Mean SD CV Min Max
xl%ﬁ% 331 2.97 1.10 37.04 0.25 5.38

Cross validation set

»‘nl > =

,‘{‘hﬁ% 111 2.79 1.09 39.07 0.37 5.14

Test set

22 ETHEPHFMRSHB-IAKELS SN E
sk v
1) HEAE MIRS B4 i b 5 vk (19 i 1% . AS 9T

TR MRS Ik b 1.6 55 2) 3oy A 1 B
Ak 75 KR AR SR EC A R i 12 Ff MIRS X g
Ak FR 7 v B FORH B 20 B RIS B E AT AR AR iUk
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Table 3 Optimal preprocessing combination

selection results

38 UK IEAE WA
CIRSIE L Cross validation set Test set
Second prepro-
cessing R RMSE./ R RMSE,/
(g/L) (g/L)
None 0.647 1 0.653 9 0.420 0 0.8313
MMS 0.647 1 0.653 9 0.420 0 0.8313
SS 0.647 1 0.653 9 0.420 0 0.8313
CT 0.658 2 0.643 5 0.434 3 0.8211
SNV 0.653 3 0.648 0 0.367 1 0.868 4
MA 0.534 5 0.750 9 0.404 6 0.842 3
SG 0.552 2 0.736 5 0.423 3 0.829 0
MSC 0.2322 0.964 4 - 11.4839
D1 0.8849 0.373 4 0.3777 0.8611
D2 0.876 7 0.386 5 0.218 5 0.965 0
DT 0.686 1 0.616 7 0.465 3 0.798 3
WAVE 0.644 3 0.656 3 0.390 1 0.852 5

TR =708 RAEIE T 05 4 — IR BIAL BE B 68 1T “SS” 7% . Note:
‘-7 means R? is close to 0, the ‘SS’ method was used for the first
preprocessing.

12 7 3 ST A 2R v B-FL3K AR 11 5 o U A
TITEAE UKL F Y R M 0.232 2~0.890 4, RMSE«
470.364 4~0.964 4 g/1; MHALE LAY R,* M 0~0.466 5,
RMSE; 4 0.797 3~11.483 9 g/L. £ LA 45 T
WrFa bR, B IAE S 1R 1A B ak 27 2 v 1 A B s

0.6}
0.4}

0.2F

0.0F

-0.2p

% Y6 Absorbance

MWIR-LWIR MWI[R-2
1
L

MWIR-1

vl

-06 .

D18k D2 J5 158 IR iE AR AR B 4T B AR 3R —
Mo SRkt At A IS B, I R R B 4
B a2 R A R AR T A ) K B
SS+D1 Fi 4k B 21 & W £ AL HCR AL T HAb 4 &
(R:*=0.884 9,RMSE=0.373 4 g/1.,R,*=0.377 7,
RMSE,=0.861 1 g/L).

2) FREAR R AR U B O . A AR AR O Y
JGE B LB 1. 4= 95 i MIRS Hi 925~5 008 em !
T [N A 1060 A Bt (9 3 a4 B, KB e
I 4140 X (short-wavelength infrared , SWIR ) | 1 {7
21 4 IX. (mid-wavelength infrared , MWIR) il £ )%
21 4b X (long-wavelength infrared, LWIR) 3 4
5 d (180

BRI TSR 716 MIRS Rk Bt AT
VePE, FERE WAL LR SS+D1 AYFERH I, A TRk
Ui B e, AR A DL AL, il 2 o, B3
Bk RS R BT 16 BORR AR i B 999.222~
1 130.394, 1 172.832~1 284.714, 1 400.454~
1 547.058, 1 759.248~1 917.426, 1 940.574~
2 056.314, 2 152.764~2 191.344, 2 245.356~
2361.096,2 581.002~2 716.032,3 236.862~3 240.72,
3 263.868~3 371.892, 3 398.898~3 526.212,
3 973.74~3 985.314, 4 236.084~4 363.398,
4 459.848~4 583.304, 4 594.878~4 718.334,
4776.204~4976.82 cm o H—BHTE ALV 2N
MU ZEIE . G5 R IR T 220k B 5 22 S A PR AR
L RALAT R BRI RAOR

SWIR-MWIR

SWIR

920 1420 1920 2420

2920 3420 3920 4420 4920

%/ em ' Wavenumber
MWIR-LWIR: H1 ¥ £L5M XA B LL A0 A i Y DX Al s MWIR-2:: Hiple £E A1 X XAl 23 MWIR-1: e 2050 X X3 15 SWIR-MWIR : 57 3¢
ZTAMX A i 2141 DAY 3 8 DXk SWIR 417X . MWIR-LWIR: The transition region between the medium-wave infrared region and
the long-wave infrared region; MWIR-2: Medium-wave infrared region 2; MWIR-1: Medium-wave infrared region 1; SWIR-MWIR: The

transition region between the short-wave infrared region and the medium-wave infrared region; SWIR: Short-wave infrared region.
Bl HiEEARRFHRE
Fig.1 Mean spectra of milk samples
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Fig.2 Characteristic spectral map of 3-lactoglobulin
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Table 4 Modeling effect of different principal components

FEREFE I B ] SS+ D1 X 2 Ff K 2 8 1

Qb B 3, T LAASE AR (1 5 B S H00CR i e/ 3 [l A
B S 80, W E RS (n_component) , 2 5016 £ 45

R

hJI_LIJ% 40

H1 2 4 A, X T R-FLERER FH AR A T oy

n_component=15 i} & & iz &, R Fl Ry 43 5l
0.812 9.0.768 8, RMSE, il RMSE, 43 51 % 0.476 2.
0.524 9 g/L.,RPD S 2.076 6, B B—?Lﬁ%‘ﬁé{é‘%ﬂi{ﬂﬂ

AR R SS+D1+PLSR(n_component=15)

2.3 AR AIKIE
A SE B B RIS 5 A SN S AR AS R 47

L XIUELE A
Cross validation set Test set
S
(n_compo- B Borm
- - 5 WE . G
nent) 5&!53%%5( y&m%ﬁ P2
> RMSE./ , %I
Re (g/L) Ry RMSE:/ - pppy
¢ (g/L)
13 0.7937 0.499 9 0.720 5 0.5772  1.8884
14 0.8050 0.486 2 0.749 8 0.546 0 1.996 3
15 0.8129 0.476 2 0.768 8 0.524 9 2.076 6
16 0.822 8 0.463 2 0.747 9 0.548 1 1.988 7
17 0.830 5 0.453 2 0.736 7 0.560 1 1.946 1
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FLERER 1 f 00, 45 5% 0% 50 0N i 25 1) & X
435129 0.174 5.0.119 0,0.066 2.0.069 3.0.111 9, T
ZE AR 4.69 % .3.34 %6 .1.93%6.2.03% .3.04 %, *F-
PITI2 Hoh 3.006 %6 ARV TN Y 3-FLER R 17
SERMER T, TR T A 050 B-FLERER (3 = T

[ 3 J2 - FLER AR 13 P A AT s 1) B S R
DA P LR PERLA T, BT LA 28 SCRIEAE a4 11
TSI AN 00 A ) e P 34 T B8 A y=or (JL S 55
TN (EL ) £ B 30T, 2 B TIN5 b AN LS B 2 AL A
T B 04 AH P | 3 A 55 2 7 3 56 B i S FRL P 980

o
T

B -FLERE I B/ (2/L)
B -Lactoglobul in predicted value
w
T
()

0 1 2 3 4 5 6
B FLERE G Eifﬁ/(g/L) B -Lactoglobul in true value

x5

TR B B T 6 E R

Table 5 Effects of prediction model

N HSME/  BOE/ w2/ .
2 Sl fi W22 ma e
. (g/1) (g/1L) (g/1) o

External . .. Prediction
L Reference  Predicted Prediction . .
validation . difference ratio
value value bias
1 3.7209 3.8954 0.174 5 4.69
2 3.564 0 3.6830 0.1190 3.34
3 34251 3.4913 0.066 2 1.93
4 3.4220 3.3527 0.069 3 2.03
5 3.686 8 3.5749 0.1119 3.04
RE 18-
B
o 4 AL
=2 A
28 4 A A
x5 A A
ﬁ ? 3+ A AA v
= A A
=0 . =
RE L, it
131 A
@ s
- A
o 1F
1 1 1 1 1 1
0 1 2 3 4 5 6

B -FLERH 1 H S/ (g/L) B -Lactoglobul in true value

A XAFEE ;B . A Cross-validation set; B: Test set.
3 B-IHEOEBRELESTNEMEZENS
Fig.3 Linear fitting of true and predicted values of 3-lactoglobulin
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2R dn A i S AR TR BE 5. Bk,
RAFFE S ARG 1655 BT B AT 50 A v
TR RS N U, U T LA ST T A A X O
HEAT 1 Ak B R R I U B AR e, AU 45 A AR H b
PR 28 X6 6 1% 1 2 i % ] Ak S5 2 s A A Bl B 0 A
P T R R AR g oG REEAT T 12 F
TiAb P TT VLAY 144 Fh 2 & PR B )32 LA T 2R i
AbFE 2 (B P 40 1, 4% SSHD1 AL BE .
T LA BB 08 T B RUBE 22 5735 RO SR IR R 52,
T — B 5 B30 2o 7 B 4 SRR 4 R ot oy B
ISR T S B B X5 (R 52

PLSR B & X MIRS iX 2Rk ki 2 H5AF 5 ds
MR A AR Bk 22— | AL X Rl R AR D s Bk

PLE1E O, Bk PLSR 2R MIRS #E 57 7 f F 5
WU )32 AL Gl 2 S Skl el ad R
T 65 24 R0 e P ] 05 A A R A R B O X B3 R A T
.

VECRHE D B IR 2, R BA G L 1%
WORRIE 5 Fsh s BUBFIE 2K, 2B H BT LIRS
30T A AF 9 3% SR 200 S B A o L v 4R 1 AT R
K F T 8l 38 BURFAE 11 7 75 BB A% 1K 1) 38 47 1 eSS 4K
S HE ASTE Tk B 0 3 R b onT DA SR Ak U B (R AH
LU ) BRI A =2 [ A e 2 ] A (] s
AL DLAE B A7 (1 2ok i rp fR BA B 2 10 S R IR 1
SR A5 12 AR RE ) SR, eI B R 5
SURTERE S AORR . EHFTAER T A T
P R AR BE BRI R50R AR 2228 3 R B8 1L s BURRAE
(4 5 1 ALK 7 2 228 66 1 AR A8 I8 st =2 [ 1 b )
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A mid-infrared spectroscopy and machine learning algorithm-based
method for rapidly detecting content of 3-lactoglobulin in milk

70U Huiying', WANG Dongwei', FAN Yikai', LIU Weihua®, YANG Junhua®,
YU Wenli*, SABEK Ahmed Abdalla Ahmed Ibrahim®, ZHANG Shujun'

1.College of Animal Science and Technology, College of Veterinary Medicine,
Huazhong Agricultural University, Wuhan 430070, China;
2.Ningzia Institute of Veterinary Drug and Feed Supervision, Yinchuan 750000, China;
3.Shijiazhuang Tianquan Breeding Dairy Co., Ltd. ,Shijiazhuang 050061, China;

Abstract 501 milk samples of healthy Chinese Holstein cows were collected from major milk-produc-
ing regions in Northwest, North, and Central China to establish a method that can rapidly, in batch, and effi-
ciently detect the content of 8 -lactoglobulin in milk from Chinese Holstein cows, high-performance liquid
chromatography (HPLC) was used to determine the content of {-lactoglobulin in milk samples, and the
mid-infrared spectroscopy (MIRS) data of milk samples were synchronously measured and collected 12
methods of spectra pretreatment were randomly combined twice in a row, and the characteristic bands were
manually selected with MIRS as the predictor variable and the content of §-lactoglobulin as the dependent
variable.Partial least squares regression (PLSR) was used as a traditional machine learning algorithm to es-
tablish an optimal model for the prediction of the content of 3-lactoglobulin in milk.The results showed that
the R.* and R;* of the cross validation set and test set in the established model was 0.812 9 and 0.768 8, with
the root mean square errors, RMSE. and RMSE,; of 0.476 2 g/L. and 0.524 9 g/L, the RPD of 2.076 6,
meeting the requirements for measuring the production performance of livestock and poultry.It is indicated
that MIRS can be used to establish a model for predicting the content of -lactoglobulin in milk from Chi-
nese Holstein cows.

Keywords mid-infrared spectroscopy (MIRS) ; milk; B-lactoglobulin; machine learning algorithm ;

spectra pretreatment
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