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Detecting Moisture Content of Cow’ s Milk Using Dielectric Spectra
and Chemometrics

Guo Wenchuan Lin Biying
(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxt 712100, China)

Abstract; To explore a rapid method for detecting moisture content of cow’ s milk, a network analyzer
and an open-ended coaxial-line probe were applied to measure the dielectric properties ( relative dielectric
constant and dielectric loss factor) of 105 milk samples over the frequency range of 20 ~4 500 MHz at
room temperature (25 £0.5)°C. The low linear correlation coefficient between the moisture content and
the permittivities at a single frequency of used milk samples showed that it was difficult to predict the
moisture content of milk using a single permittivity value. Therefore, the dielectric spectra combined with
chemometrics were used to determine the moisture content of milk. All samples were partitioned into
calibration set (75 samples) and prediction set (30 samples) by using set partitioning method bhased on
joint X — Y distances. Fifteen characteristic variables that predicting moisture content of cow’ s milk were
selected by successive projection algorithm from full spectra. The generalized regression neural network,
support vector machine and extreme learning machine models were established to predict moisture content
of milk (87.28% ~91.30% ), based on the original full dielectric spectra and characteristic variables.
The results showed that the extreme learning machine model established using the characteristic variables
selected by successive projection algorithm was the best model in determining moisture content of milk,
with the correlation coefficient of prediction, root-mean-square error of prediction, and residual prediction
deviation of 0.988, 0.119% , and 6. 723, respectively. The study indicates that the dielectric spectra
combined with chemometrics could be used to detect moisture content of milk. The research is helpful to
develop a new milk moisture detector which could be used in situ or online detection.
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BB R TR B A o 0 2 0k R A
WA T e K A E A
B st T e RS TR & 1
#7 GB 5009. 3—2010¢ £ i H /K 43 ¥ I 1 ) v B AE 11
L TR v B AR LA A IR R e 0 O A (H LR I
K AT ERE T, S HE ST BUAE LR AR I, LA
T 375 DR G 0 A 0 K R SR ) B TR AT
FE L B KA I A A 3k 20 41 Sl 3% 1k A0 PR < B
T B AR T DA AR ] fE A 5 6 0 ) 5t I
REARRER I TEZG M, HWiL, FHES T4 &
7K R S 5 R R A I 1) T3 X R I A 4% 0 5 L
HEREE L,

I R PR T A BV — . WIBRE A R
BV TT AR X A LB e B TR BLRE B T 2" 3
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YA R R AE T L KRR R WL, T
(A FoL R 52 G 4L R A3 B R e i R R
N N3 R I O - 3 S R S
it s B A R R BT B, K R R
AR SRMEEREZ —, @8 E5" ®
25°C K T[] b £ i £ 1 R I B T — B {0 A R
(2.2.45 .3 GHz) F 1 8 i 03 % 1 0% 2 1% 4
R A v 55, 2 B L A i 1) R X A L 15 5 Uk
BRIEMXER, GUO &' BFJ T %85 Tk 4
WA LR B S I 445 SR 32 D A 00 B A R BURE R T
B K A b AR 03 i B RCOE L. BANACH %
WFSE T 457K 3360 A4 05 4 v 5 4k 0 B2 0, 2% B4 103 11
BKRGHANMBSHI LR EELNERR, HAA
X T A4 4 K R A BF T 4 % T B — R R
KBS A T N RAEA A 0 & KRB 7 o Xk S
(A HLE BT ST BB, A HL 33 15 1k 2 T 2 7 T A 4
£ AT LLSI R AR A S o 3 i

9T B KRR A 2 A 5 A R R I e — i 52
I R LA I 7 1, AR SR P 4 e IR 4% 407 S0 )
L AR %R T ,20 ~ 4 500 MHz 4 55 K R 18
87.28% ~91.30% [A] ff) 105 {45 25 405 RE A% f) 4 L 32,
WA v 5 1 2 2y e R A S T A
7K R BN T 2 T 45 KD O L A 0T i o 4%
0 I 94 1A A X 4% 2L 90 i g ) S
U] , B H N 2 5 55 7K R 1 fo (R
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1 HESHE

1.1 ##

Az B A R A TRV A 1 e — W A SR ]
FEH) 15 K far 307 FL A BORAE & T 30 min Py iE
AR E PR AT Bk FL AR B A W RE S A3 L
T, B2 200 g, e BECRE O AE S ORI 0% |
2% A% 6% 8% 10% 1 12% A KK i) 5 ik AL fic
EAFH] 105 Ao B A, AR ST 4°C 18 &
WARAT , 12 JECET AN R 5 24 b,

1.2 MEHE
L2.1  FE5 w5 ik

I o T A 1 = B 1A & s o [ L
GB 5009.5—2010 { & & " & B B M W & ).
GB 5413.3—2010¢ % &)y JL £ & Fn 2L 5 v Bg i g i
E ) F GB 5413.39—2010 FL A1 3L i i ol Big FL [
A B D ) Wt 2R 2L eb ) 2 L B AR s 2L
WE R R B TEREIE &K, SRKENAE
PRI 6 7 0 N FE R ST 0 A W AE P S ~ 10 g
BT 105°C gk KT B4 (101 — 1AB AU, KTl %2
A A R W) T4 20 b J5 IBCHE i TR
CaSO, /) T A M B R . FREE N 0.0001 ¢
HIHE T K (FA2104N B | i 4 93 BF 22 A 28 A B
oy E) ) BR B AR TR R IS BT AR A TR T
S A I AR T SRR S WA IR I SRR, DLy
FE b 6 A>3 7K 22300 5 17 B AE e i 1) & K 3
I
1.2.2 S S50 5 )5 ik

A SC R FH M 4% 4y BT A (E5071C %1, Agilent
Technology 23wl , 2k VG V. ) F1 A g JF 11 11 [] il 48 sk
(85070E — 020 %Y ) I £ A L S50, 3 i S b 9 2%
ST AR 1 b, SR JE X AR YRR AT T B% | A %
50 QO AR HE . 3 ) A HR B 3 4 ) 2% 43 B A
5 R Sk, 3508 DU S 450 %8 0 [ o 20 ~ 4 500 MHz,
I 4312 B0 200 Ao B JE [ AR Sk i2E AT
B RN 25°C Y 2 B T KA U

D5 TR R i V2 A & T B R R %
(25 +0.5)C g, i AIE A 3 4 50 mL {48
AR AR TR O 1 ~2 emy PR T —
B i TR b T TR G R A R AR Sk
BAGGFE G R, MRS & f " BA
B R I 2 0k, 3 U TR A 6 R
(4 SF- X (ELAE DR A FE 2 B0 DU o 45 4R
1.3 H\EHWEREF X
1.3.1 XYt g

TR A R L AR T BAR R M, A SCEE
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X — YA PR 35 807 (Sample set partitioning based on
joint X —Y distances, SPXY) ¥l /0 FEA . %5 ¥ 6 )
I8 T AR WK (R ST & K3 18] 5 550 3 6] 1)
DA PR ) 2 75 3 7 A D S R o BE 8 58 0 £
TN A B R A S, DT RE AT S50 i TS L 2 1k
fEH
1.3.2 EZHREHRG%

¥ 2 ¥ 5 88 1 (Successive projection algorithm ,
SPA) JEtth ARAUJO 48 41 th 19 — Fl B 161 7% 5 1 25
RV BEA RO e b i B B SR M i
i, FEAREE ALY &2 % B IR SRTE 1 AR I B R
— DGR 5 B UGE A I — AR i 2Rk
AU B A2 1 Rk B i BUE R RN, IR A R
TUARAG Bt /D 72 F 4, DT fifp phe A B & Sk
), REZPFFERW], T SPA I ¥t 48 & @ 7 1Y
BRI BLAT R G A F0I0 4 BE o
1.3.3  J7 Xl k2

X M2 W 4% ( Generalized regression neural
Network , GRNN) &2 —F DL 4% 4] 3 bR %4 ( Radial basis
function, RBF) iy 4% ok i) — A Jay o 38 T 9 2% . 3%
WO 2%t g A JE BESUE SRFZ At E A, — s
BFFE 2RI 3% I 4 LA 0 R A 7 e R
It HAEE 2 B8 s F 2y ) W B AR T 2 i 22 1)
2%, HLOH/INREAS B I 5 4 3 30 2 X (I 4
1.3.4  SCRpm L

2 ¥ 7] £ #1 ( Support vector machine, SVM) J&
BT AR o MBI HL g = D B, Bl R
Y 2 () g 7 1 TS A T A X =2 1) A e Rk B
BT R EN 26 H g™ . SVM AT LA A% v i %
Bl 2 ) 25 AR e RS AT Fe SRR FENE 5 B JR)
PR /I 3 00 4 B i, AT i i R A, HLRE B
Ui figp R/ INREAS A 2P 25 S B () 380, TT LA R0 ek
P A AR R (3 TR R
1.3.5 MRFR=:2IHL

e FR 2% >J #l. ( Extreme learning machine, ELM)
L HUANG 4527 32 g — b B uH 5 i 2 i 45t
28 W 2 B R, B WSO R R I A 1 BE A SR R
Ko ELM P45 [ i A2 5 B )2 8] /9 3% H2 AUIE Fi
227G (6] ) B A AT 2 BE AL € 1Y, B g U B AR
Pz ST RO W] A2 RE RN R 5 R4S I i . ELM
CA&TEVF 22 17z .
1.4 REGLEH

AR (A I A0 T R FH RS IR B R S A OC AR
B(R,) FCIESRHRE N 19 1 5 AR 1% 22 (RMSEC) | 3
SRRSO RE O 2R B (R, A0 TUIN 45 A i 19 22 05 AR R
22 (RMSEP) £ 71, LA FI A $00 fw 22 RPD A 24 3% fh

FEL RSN P B B 45 B . NICOLAT %810 g iy 4 4t —
FEF ) RPD B /N T 1.5 I, % 455 B4 {1 0 0 1 g AR
2% RPD £ 1.5 ~2.0 i, A 25 H F00 {2 1)
JMEBL 324 RPD 7 2.0 ~2. 5 [, 45750 A ] T ML
PO 5 i AR RPD KF 2.5 71 3.0 i), 4R 4y
LA R B IR G 8 00 A A

2 RBERMOH

2.1 A#HEPPHEERS

AW T AT 15 Oy 2B fF 4= 5 1 32 22 A 43
LR, £ VU, B AIAE 50 A £ A — €
(0 22 5, UEWT Fir 28 BB A o B — 8 AR P . 2
TiZ 15 oy AE i A 5 ) 25 1 105 (0 A i 1) 25 7K 330
Bl 87.28% ~ 91.30% , & /K F ) F ¥ {H K
89.03% , i ifif 24 0. 84% |

1 AMRFAAMI HESHFANEERS
Tab.1 Main ingredients of 15 samples of

raw fresh milk %

. o o I+

28 Fe/ME P NIEN P
ok 87.28 90.11  88.33£0.76
B 5 B 2.82 3.20 3.05 £0. 12
Jg Wi o 4k 43 4 2.75 6. 10 4.43 £0.76
A e L R 3 43 B 7.18 8.20  7.79+0.32

2.2 HESEMPNBEIE

1 /20 ~4500 MHz J B, B — R 0519 &
"M . 1B, o B A A R
BTN o TERUS B AR, & B A 32 11 1 K I
INERER . AW E — R AR B AR S R o
AT L AR B Ak S Maxwell — Wagner &%
B RBE T B S HOE e RN, K&
IBFFE A R R, B 1 i) S R SR T (/b
T4 F 300 MHz) - H 450 FE 1) 32 22 B AL i A AR 71
e AR 5 | E T A B (300 ~4 500 MHz) 4 HiL 451 #E
M FEIF A, FETBEE BN, 40 "1 AR AR
5 Ak A AT S A AR R S B K R 5 A
WA S BB EEE RSy . AN, Wb E
JR R I R A A S R —
MISZMR o PRLUG, 2 W5 0 A R P2 4 0% b BT R R A3
CEA RS A R H R R KM G, 2R B s A
JiE L A 0 52 e 4508
2.3 EHFMHNBEHESSKENEEXRST

KT T IRRFERF A B SEOR R 5 & KE
FAELRME R A SO T 201 AN T 1 &' Al
"SGR BRHLEIERR A y =aw + b,y R
oM w REZKE, o T b KGR, I
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Fig.1 Obtained &’ and &" of a raw milk sample over the

frequency range of 20 ~4 500 MHz at room temperature

BT HMERXT ' f &0l 5 & KB R
R IR, ZEFRWE 2 Pran. HE 2 0] 5, e 1 "
HEKEMEAG IE M LA H R, /NT 0.4, 1
WA G AR 55 . #E 20 ~ 3 000 MHz [a] R, K F 0.5
H/NF 0.7, U BAAT — 2 9 2 A e, Y 0 % K F
3000 MHz fif ,R,./NTF 0.5,

0.71 5
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Fig.2 Linear correlation coefficients between permittivities
and moisture content at 201 discrete frequencies from

20 MHz to 4 500 MHz

L5 BRI T & "8 5 & K 3R ]
8 2 M A DGR 558, AR XE I T B — R R 1 A 1 2
BAE B A3 KR, W, A SR S TR
FHEE Z A0 i S0 2 40 W 33 000 A4 i A 0 1)
KA
2.4 BEERXS

HTF Matlab R2013a A4 & 4R 38 105 41475
FKF(87.28% ~ 91.30% ) fhy 52 0 {8 %% 9, % ]
SPXY Bk FEA TR IR 50 2 (% L 41 ) 4 ¢ 1 4 5 T
IR, 45 B AL I AR AR L 75 SR TIRIN AR A 30 A4S,
FEARI A R F 2, NR2 ATUEH, KIEEH
st A 5 5 K AR AR ARYE B S 00 A 5 T AR A
) K ST R T 245 SPXY 1 R 23 B BE A 4 2
B B R
2.5 EERFEEIRDFHETE

BOE & IR AE A L R R BT 1~ 19,

F2 ETSPXY BMABENAKEERSEI
Tab.2 Statistics of moisture content in different sample

sets determined by SPXY

HA%  HAR RAMUe  Rkpe e
FUE M 22/ %
J=¥ =N 105 87.28 91.30 89.03 +0. 84
RIE4E 75 87.28 91.30 89.04 +0. 86
BURIUE:S 30 87.75 90.91 89.02 +0. 80

T A R AL BT B9 RMSEC, MR % /) 1Y
RMSEC i & fie fEFFAE 28 4. AR RFAE 22 R AT
) RMSEC fy 3+ 3 45 R A& 3 s 45 R Ui B,
RMSEC Fifi 4% 1§ 38 22 1 s /) , {5 25 748 & 0Ok 1
15 i}, RMSEC BEARFFAL, th T2 LRSS
HEIMAE T A9 52 2R 1, O Bt A 5T L RMSEC A i 1.
FE /N (FE 005 8 35 /KF-F ) B9 45 AR A2 2 R
I BELE . L, SPA 36 5 1 35 10 45 1iF 7%
By 15, &3 v 7 X R A R AR AR 78 28 SPA
DU i e FE AR A2 R BTk A9 15 SR AE A
AR LR 3,

08 r

0.7

06 \
¢5 05 E\H

m
Zo4f

2

03} b

0,

02 \D7D\3
~o-a_

0.1

0
a—0-0-0-0

O 10 12 14 16 18 20
HELAI AR BHL
3 SPA ZEAN A FRAE AL 5 BT RORIE S 7 R iR 22

Fig.3 Calculated RMSEC at different characteristic

variable numbers of SPA

®3 SPAEEH 1S MFETE
Tab.3 15 characteristic variables selected by SPA

AR 45 %/ MHz AR i % /M Hz
1 &' 20. 00 9 &" 2070.71
2 & 20.72 10 &" 2 508. 66
3 &' 22.16 11 g" 2 806. 33
4 &' 24.31 12 &" 3182.70
5 &' 27.91 13 &" 3464.98
6 &' 31.50 14 &" 4123.63
7 &' 2399.17 15 &" 4 500. 00
8 &" 1013.66

2.6 GRNNEBIZELER

GRNN P28 (1} S BN e R ASTRH
28 SCHAIE T 5 I 25 GRNN, JFAR #5557y RMSEC 1 #F
FABE L 0. 001 JE [y 0.1 ~2.0 I iy e 9
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B TEARME A SPA BRI A FFAE AL 7R, 23 50l 4K
fH#) GRNN H9 9 R EIL R 4, Fr it 52 9 GRNN L
TS A0 35 K AR P 5 I S ¢

%4 GRNN.SVM #1 ELM 2S5
Tab.4 Modeling parameters of GRNN, SVM and ELM

75 SVM ELM
Jib CHRNR WY MR WA REZE
! O ET YA LG G 1 )2 fi 111
L VRERK e e e e e
75 i HF e g WEE WA TR
FS 1.13 8 0.015 625 402 45 1

SPA 0.013 64 0.015 625 15 38 1

5 ARAHNFLEEEEEAEZTESELNNSD
EKRENERER
Tab.5 Moisture content determination results of different

models based on different variables selection methods

- A5 it IE 4 BiRILE S
e
‘ b 7 RMSEC/ RMSEP/  RPD
¥ ik ‘ R, R,
Iy ik % %
FS 0.980 0.232 0.915 0.322 2.485
GRNN
SPA  0.996 0.157 0.966 0.221  3.620
FS 0.998 0.045 0.960 0.210 3.810
SVM
SPA  0.993 0.087 0.989 0.132  6.051
FS 0.988 0.131 0.949 0.260 3.077
ELM

SPA 0.997 0.066 0.988 0.119 6.723

35 AT LUA H, BE T SPA @ 37 1) GRNN ##
B (SPA — GRNN) ffJ R, (0.996) Fll R, (0.966) ¥
T3 T 4 95 1% BT 4 57 19 GRNN (FS — GRNN) |, A
SPA — GRNN b FS — GRNN H 74 # /)N f) RMSEC
(0.157% ) F1 RMSEP (0.221% ), i}i B SPA — GRNN
ELA B 0 A IE P 8 R TI : BE . SPA — GRNN f1y
RPD 3} 3. 620, & F 3, #i 8] SPA — GRNN H. 45 # i
& K W00 A8 J). 1 FS — GRNN [ RPD Jy
2.485,7E2.0 ~2.5 Z[a] , B FS — GRNN A T4l
W by T 24 5 1 5 K R
2.7 SVM {#ERIZEIEER

ARHF5E LA RBF BRECME R SVM [ pR %L, SVM
A ) SRR A S BN AE T T ¢ X RBF pR %K
Hi g R st S B g WE S SR BUETEE N 27° ~
20 WA N 2% MR AR B — A8 T RN 25 45 e /N RMSEC
W8 SRR, S5 R W3R 4. BTN SVM 45 Y
Xof 25 0 5 K R TN 25 R WL S

5 ULH  BIR FS — SVM A lL F SPA —SVM £
BRI R, (0.998) Fl4s /il RMSEC (0.045% ) |,
B FS—SVM A3 &4 iy e IEPE . {HJ& SPA — SVM
HA & KM R, (0.989) F1 # /N ) RMSEP
(0.132% ), H RPD (6.051) it & F FS — SVM
(3.810) ,# SPA —SVM [ FS — SVM H. 4 # A1 (1) i
I 26475 5 7K AR BE 7, HLRE DR IE B A A% 4 0 T A

-8
2.8 ELM #ERg#gR

AWE5E, ELM X 48 B 805 264N sigmoidal
ELM [ 2% i) e 2 19 5 802 AR 4 2 W &2 i 30 4R 15
o HI e  BOE WA B U Bk m 1, B
R E) 100 S ik A AR R AT W
RMSEC, DLz /M) RMSEC 5 RMSEC J A 27 18 15 4k
BT FEAL B 17 A BUE R ELM Y B & 271 A 8. i
(7 ELM (B2 295 s L 3% 4, BT i ELM L RY X 4=
W K ZEF0 45 R W3R S .

%5 PH, A FS — ELM & BUAH LL, SPA — ELM
B B B 1 R, (0.997 ) F1 R, (0. 988) LA K B¢/
) RMSEC (0.066% ) #1 RMSEP (0. 119% ), &R
FS— ELM J% SPA — ELM Ei%f#%) RPD ¥ KF 3.0,{H
SPA — ELM fi§ RPD (6.051) it Kk F FS — ELM
(3.077) , 4] SPA — ELM X 4= 7% % 7K 22 (%) $5 ] 14
REZE LT FS—ELM,

2.9 HRER

TEFTREST Y 6 Fh & K S I AR A v, BB AR SPA —
ELM £i7[) R, (0. 988) % /N F SPA —SVM (0. 989) ,
{HEA £ /N1 RMSEP (0. 119% ) DL & % K ) RPD
(6.723), H RPD X F 3.0, JiHH SPA — ELM 2 75 il
A5 5 K 3 B AR TR, L EL A AR A ) DR B
FS — GRNN A RPD f5e/)h, H/NT 2.5, B A
TR0 8 REL W b YT A= 6 A ) K R AR 4 R
) RPD KT 3.0, & Bx 4 R 2L s B A W4 10
T A7 K R A BT .

FEA AT T, B SPA SR UM FRAE AR i
PR R RPD 34 43 551 oK F 38 7 4 M3 % Jor 4
PRI, A SPA B2 A7 250 1l DA 42 45 3% i 12 B3 5K
A S AR A RS B o B4 FrR 2 B0 AR o 4 4
Bk A S AE 5 % ] SPA — ELM A5 AU 150 ) 55
KR HE R, I L SPA — ELM 85 84 ] DL AR 41 4
T A ) K A

91

R,=0.988
[ RMSEP450.119%
90}
S
=
= sof
ss|
88 8 %0 ol
S /%
4 TR A E KR SS(E 5 SPA — SVM
T T B 1Y bE A

Fig.4 Comparison between measured moisture content

and predicted ones using SPA — ELM in prediction set
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(1) € 20 ~4 500 MHz Py , 2 68 2 3 1 &' b 5
SR 1 T /I 5 2B 25 R 1 180 K S /N K
A B A FE T 9 55 /M 1 B0 7E 2 000 ~ 2 500 MHz
Il .

(2) 7€ 20 ~4 500 MHz |4 , 4ty 2 550 A 6 4= 1%
BRI B e R B L AR M I T — A B
HOBUI 2 5 K R

(3) R SPA 3 A4 A el i e 4R U T 15 4

FH T B0 5 7K 38 0 5 AiE A2 o, HLRE T RRAIE A2 4 BT
I () A 5 5 K R IO S5CR 2  F  F A i
HEREAY

(4) 3 F 2 d 3B A SPA $R A 5 AE A48 g ST
AT 5 7K R (1) GRNN SVM 1 ELM £ 7 1 SPA —
ELM #5& B 5 A7 f B B9 5 7K 3 3000 4 B8, L R,
RMSEP #1 RPD 435124 0. 988 .0. 119% #1 6. 723,

(5) A Wi S Ao T B2 D7 ik A A A R AR 4
Mo BN A= 5 55 K R o AR5 A S I AR 2R AR K
A AL A WF A P AL 1 Al o
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