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Optimization of Modeling Conditions for Near Infrared Measurement of Protein Content in Milk by

Orthogonal Array Design

PENG Dan, LIU Yali, LI Linging, BI Yanlan
(College of Food Science and Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: In order to improve the accuracy and stability of protein content measurement using near-infrared (NIR)
spectroscopy, the spectral data of milk samples with different protein contents were analyzed using the two-dimensional
correlation spectroscopy to identify the characteristic wavelengths region of protein. Then, the effects of wavelength bands,
preprocessing algorithms and modeling methods on the prediction accuracy of the model were studied by single factor
experiments. On this basis, the modeling conditions were optimized by orthogonal array design to avoid interactions.
The results showed that all three factors had a great impact on the performance of the prediction model in the descending
order of modeling methods, wavelength bands and preprocessing methods. Among the preprocessing algorithms tested,
standard normal variable (SNV) algorithm and multiplicative scatter correction (MSC) algorithm could effectively eliminate
the interference of scattering. The linear models such as principal component regression (PCR) and partial least squares
(PLS) were significantly better than non-linear support vector machine regression (SVR). Finally, the optimized modeling
conditions were determined as follows: detection wavelength range from 1 800 to 2 300 nm, MSC preprocessing, and PCR
modeling. Under these conditions, the correlation coefficient (R*) and root mean square error of prediction (RMSEP) of
the prediction model were 0.993 and 0.106, respectively. This research provides a feasible technical way to develop a new
device for the rapid detection of protein content in milk in the future.
Keywords: milk; near-infrared spectroscopy; orthogonal array design; protein
DOI:10.7506/spkx1002-6630-20190313-160
RS 0657.3 SCHRAR TS A SCE ST 1002-6630 (2020) 04-0256-06
F130H6
EFY, FEEE, ZEMTE, &5, IR0 st P A 20 AN I A= 7L v 8 1 B AR SR R[], b BHEE, 2020, 41(4): 256-261.
DOI:10.7506/spkx1002-6630-20190313-160. http://www.spkx.net.cn

Wk Hi: 2019-03-13

HETH: EXARRAREHEFERAREEIH (31601537)

B—EHFE S S (1979—)  (ORCID: 0000-0001-8727-0983) , Zr, EI¥#Z, WL, BFFI7 AN iR o i foie Ak

W AT 22T VETE & S ASI H BF « E-mail: pengdantju@ 163.com




X8 ey ST

il =

2020, Vol.41, No.04 257

PENG Dan, LIU Yali, LI Linqing, et al. Optimization of modeling conditions for near infrared measurement of protein

content in milk by orthogonal array design[J]. Food Science, 2020, 41(4): 256-261. (in Chinese with English abstract)
DOI:10.7506/spkx1002-6630-20190313-160. http://www.spkx.net.cn

A BE A I T A, 7R A I T R ok
HHEEH. FARREAFEORWEE R —,
A AATAETE P T . B S br v s e T 4
APEARGRASMEER, 0 (BRAEA) CKE
AY PEARTEAHET2.9%. THEK, HRIMN
RO R A N AR I AR R R AR, — SRR IR
ISR ERD RN =R R IEE RS E AR E
REUR &, 7™ B R0 T s AT O IR R R O 2 ) B ik
R, SIHE T Ao ooy, Wk i M EE ARG 56 TAE &
P TS ER, RIS AR RS AR A AL S R
SRR AW Rr

H AT, & B E A BT A LI E B0k KA
Wit Rk A A% R R VR RN 4 Ak
P& YLK ERER BN E SRR EAREA
AR, ZAENERER, HEEES. #EK, %
SMRWGER A W, REEER A, B EAS, T
WY % IR IR UKL . R WL IRVE S
T A, PR, SRTIT IR L YRR NS B . A T LA
Tk, ImLLAN IR BAAPUE . o R LR LA S
M, O MH TR R AT A 245 e,
IEAAMEEH AR S T a3 ik, 2l 2 ok ik
T ARSI E AT B S AR ) DG BG, B TR
fies AMEIAEE. H SRR R, A S
A ALY, MBS RANATIEESE, FEERS
RREBRERTEHEAME, MUt HERAAKMSE. BT,
FEFLE G BRI R EETF R T3 AT gL 1) il
A E T WA SR E AR S &, T EA R
FLEOTAR, 22 R g S mk i i U 2 AT T
2) BN R AR BT R R A A A I, ek B
(780~1100 nm) P (1 100~1 700 nm) Fl
BB (1700~2 500 nm) %5, DUIMLHIBRIIRER, H
SRASTI (P B XT PR s 3D o ER BRI ) s AR A T
05k, ARG AL E s AT R B iR R
e LA P AEAE RUORL AN 38 50 1%, A R IR A0 A kA
RO AER, ZRHAIEZFESKIE. 208U %
1IE. RSEEEHTAE. FOF MERELMTR
AR R BRI — T A4, T SR 1) B & DR R
SEAMAL RGO A W, R, AR SO AT 06 % TR &R
B) A7 76 AH TR s e (15 L, 75 S — @ BRI AL
Falh b, i3 A IEAZ G Wk B A AT,
SNoANERERE. EENE. GATAAEARSE
ST IR AR AR &

1 MES5H%

L1 AR SR

LI E ALY RA ] KEEE . AEEARE
BAEBCORIGE N AL, REBRINEBm T, FRx R
wiBEAT ¥ BT AR AR DLORUERE i 1) 35 S ARG e 1, HL45- 3
180 MEEA . JHIEK-STTVEIEEN35 AMREA 161 B 1
NELIESR, HR45 MREARRDGIE AR E N IEE .
12 5wk

XDSHIELAMETERAL  JFEFOSSAT]; ZS90K &
HAL BT S EMalvern/A#; AH-Pilot s [k 14 5 Al
HEAPV A .
1.3 Jrik
131 EAREERNE

Z#GB 5009.5—2016 (it ER A BAINIED) WE-
132 IELLAMEIE R

K FHXD S B 21 A1 Sl 1% 4SO B i IR SO i 2 AT
WA, R A 780~2 500 nm, 3 32 WX,
SrHER2 nm, KA ARE (780~1 100 nm) FIE AL HY
(1 100~2 500 nm) ,
133 Jeib A Ak #e

DA E B B ORI, HEAT —4EAR SR [ B i A
ARG AT, FHREEAREEM R BURB. A
o D KEEAFR S EMARSE, WNBIRIBF
B B 10 MRERAERE S ] T — 4RIz 20 A0 AL s )
B 2) RMIERE SREX A DG 24T AL BE, VA
R 53 R4 TR OGS s 3) MRS 4 SO ik
W, XPARELS B — 4T . TR, IR T4
FHICE A K A SERE s 4) B R BT 2 A O ) S5 A
HAHRWE, #iE5EA RS EMERHRERERBE. b
TR YA OGS A2 A I Matlab R2018a% 58 it -

FIFHCAMO XA w jUnscrambler 10.5% 4 %) 6 it
AT AR EE, A2 gk M FJE (multiple linear
regression, MLR) . FER{4r A (principal component
regression, PCR) . f#x/> 3 (partial least squares,
PLS) LA FEHEHL (support vector regression, SVR)
RRIEAEAL, MERLPE RIS voE BB (R« RIEX IR
%7 (root mean square error of calibration, RMSEC) A
TP TR R Z  (root mean square error of prediction,
RMSEP) ¥4/
134 IEASEAE &I

FE R 2R e 2Rl b, ORI B, AL PR T



258 2020, Vol.41, No.04 B53ik

S|

EMERT RN EERAER, DE R EBFE O E b,

100X R? 7 5 X5 k4T 0 I U
EﬂF_il—l—RMSEP’ KL, (4°) ERxFIHATIAE K
T, 5 B E S =R A .

#1 EXARERSKT

Tablel Code and level of independent variables used for
orthogonal array design
K Lk
AR BY/nm BYRALEE 5% CIEE 7%
1 1400~1 800 G PCR
2 1 800~2 300 KEH— MLR
3 780~1400, 2300~2 500 MSC SVR
4 780~2 500 SNV PLS
1.4 Hdigit

K HMatlab R2018a. Origin 9.0%4F1Excel 20164k
AT B gt M E K 2, R FHSPSS 22.0%0 45 Bk
AT T Z 0T

2 ZERESH

2.1 FFLEAANENE 2 RS

2.5

2.0

215

e

= 1.0
05

0.0
780 1100 1420 1740 2060 2380
#Kmm

H1 FIsEgsheikE
Fig.1  NIR spectra of milk samples
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Fig.3  Effect of different wavelength regions on prediction of

protein concentration in milk
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protein concentration in milk
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