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Near-Infrared Spectroscopy for Online Real-Time Monitoring of
Milk Quality during Milking (Part 1)

——Precision and Accuracy of Near-Infrared Spectroscopy for Determining Milk Constituent
Contents and Influence of Milk Temperature on Performance of Calibration Models——

Masataka KAWASAKI*, Shuso KAWAMURA*, Hiroki NAKATSUJT*, Motoyasu NATSUGA*

Abstract

We constructed an online near-infrared spectroscopic sensing system on an experimental basis.
Calibration models for determining three major milk constituents (fat, protein and lactose) were
developed, and the precision and accuracy of the models were validated. The sensing system can
be used to assess milk quality with sufficient precision and accuracy. Moreover we evaluated the
influence of milk temperature on the performance of calibration models in practical use. When the
temperature of the validation subset was in the temperature range of the calibration subset, the
performance of calibration models was good. Therefore, temperature compensation of a calibra-
tion model was possible using calibration subset that covers a variation in temperature of the
sample to be measured.

[Keywords] fat, protein, lactose, temperature compensation
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Table 1 Specifications of the near-infrared spectro-

scopic instrument constructed on an exper-

imental basis
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HIEENEERL 770 v
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HEHE Al
MEMKE  600-1050nm, 1nm &
WEREE  5nm FRAEE
SZHFET CCD Y =77 LA 2048 FT-
I~V T AEIG

7 — & JUIRES

HWEHl, — hovy 3 Windows 98

Pentium 150 MHz RAM 48 MB
A/DZHE 12bit

EICEARERENET 2 FEPREL SN TV S (Sven-
nersten-Sjaunja et al., 1997), < Z CTHEFLIFIZHEZ Y
TNIA LTHEST 2EMDPMBEL I > TETWV S,
IR, BEPARRNTEONT TiYI©
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TW53 (Satoetal, 1987 ; Chen et al., 1999 ; Chen et al.,
2002 ; Tsenkova et al,, 2006), L» LFEAFICK A% S
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Fig. 1 Plane view of the near-infrared spectrum sensor
constructed on an experimental basis
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Fig. 2 Near-infrared spectrum sensor constructed on

an experimental basis
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FRICB 1T 20 E 55 HIEOBIOEED S OB EHE
DT 7 AN—ITAB T EMR VDN EERELCT S
CEMTARETH D F DFERE, SN (Signal to noise) H.%z
=95 ENTE (Itoh, 2001),

oy 5y 7o RIRBIEEN TERLF A TLEL
EBL, K7 ANtk TN EEON S,
FLIZ I v 7 o= SIS S RTERIC L - 72
AR L, IEER RO A — /N — 7 o —o A 70 Sk
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HFLREN 05kg/min IR TH 2 &, HIEBOLERLD
WM A —N— 70— 7 FHL 0 IEL 2D, EiHS
S—ETDRRYT bIVORENTENRL KD, FIE
EN O A= FLIREE 13 HaliR AT & v EHEl L 72,

2. SIEER

Gy tgs BT RS T By o g < IRIE IR R P 1d 600~
1050 nm DREREL, HHFFEF 5nm Tdh 5, BER (Natsu-
ga et al, 2002) IZBWVWT, EHER (1100~2498nm)
DR R & © I % & W E TIE T & 525,
HEERAREL T2HTEERERTH > THREREE
FEOREEZEONE T EDNbMr->TW5, & 5ICHH
{LERE LA v =8O a R kX7 4 —< VR
ZERE L, AREETIIREERERERA Lo, BRI
CCD (Charge coupled device) ) =77 LA v ) av+
VH—THhbB, v)IAVEYIF—TIINHDOEI% 1nm
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R o ER W,
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time % 25ms, Averaging 2 10 & L 7z,
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HIES 2B 3B, oy v vo", MO 3 K3
K Th b, ThT N OEHEESTICIE Milkoscan S54-A
(Foss Electric tH8) 2 Wz, & 50 U LE90 L 1z
AFIC & D Milkoscan S54-A DHIIEM % EIF L 72, Milko-
scan FARAMEIIN G I & » THESHIEETT 5. F
NEMF T3 5.73um & 55um, ¥ ¥ ¥ 27 E T3 6.46 um
& 6.80um, FFETIZ 9.61um & 7.80 um DIFE DD
FEARE L, FUEN, T v ocoHE, oML T
FRECCTHREIE U TR DIRITE % 1T 5 0 Milkoscan [3/ATE
B (L) 1Tk 2HBRMEL OBIEATTH 2 & T
EWIEEZRT2HY, ERRETRIENTA 2 FH0 O
ERERENSS E DA O EREICHVW ST
W53 (Sasano, 1998), 7£3¥ Milkoscan S54-A 1T Xk B ¥,
%453 O RAFIITE DS HER 2 13 FLIE R © 0.003%, F% v
N EHMET0.002% TH - 720

(2) FUERNEHEEIC X 207N R <7 VORIE

AIE LA UERERE 2 O TAERLDO X<~ b v El
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X 08 38.0~40.3°C &I DY v T vt v b (LI, EEE
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N (2EED OEREIL 4125 TH D, 412505 B 219
ESEEEH N0 v Tty b OIETH - o A
kE (412 ) OIS L, FARH O#EIFAA 0.77~7.09%,
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DS 4.19%, HEHERZEDS 1.34% (LIREIE) TH b, H
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P2y v vty P TEDEHDFH R T bV
(RILR AT > TOIE W R <Y b L) & FLkA DS
WD S A HIE ka2 T 2 B L, IERS
FEDIREEZAT - oo MREFRDIERK EAEEE DIREEIC I A
Ef##Hr~ 7 b The Unscrambler v6.11 (CAMO #)) %
iz,

WELEDOIERK I Partial least squares (PLS) [@lJ#4y
Fric X 01T - oo IREEEIPAR S X CIREEFIP/ N v~ 7
Wty hERFNICHOVT, 2REE® 2/3 2V TR
BARELER L, RO D 1/3 THELR OMIEFEE DML %
1o FllllEERZ RV 72, i Erkalil &R Bt
BloNENL T~ & 21287 - 12 KEREERRGEEEDE O TR EE P
E RO EIPH L, MR ERGUR DI & iy D #EPH LI
LBk Hic L,

(2) BRHREOZEDMEREICS X 5 B Ot

i eV O TR S ERE I 52 5508 %
T, TIOLIREEFA (29.3~44.1°C) Oilk» 5
YERK L 7ok iEfiR 3 & OREHEIH/ N (38.0~40.3°C) itk
» SRR L B Z e N E W TR D 38.0°C K
fits DEAEHE BIE U 7o BROKERE ZREIE L 72, FaRERRaEER
(3, IREEEIPAR DR E MRS ot S R A 38.0°C
KD b D& MAEAIT 50 gl LU 7o WEERAESE o
R E & oy EPE S, FLAERE 08508 29.3~36.6°C,
1.37~6.32% TdH D, L5 v 7 BOGED 294~37.77C,
2371~374% TH D, FFEDEZAEH 31.0~369C, 4.58~
535% TH O, BRI VN b RERERGU O
FLINT®H - 12,

IV ##HREBE

1. £ OLEBBEXRYT M

HE LD R ~7 s VAR 3 IR LTz, X
L, 27 Fvd 740, 840nm B X 970 nm fF
I THEEROE R (Z_7 b VDR WD SN, Ht
5 (Iwamoto et al, 1994a) 1IZ ki, 740nm (I C-H
string ®WIVAS, 840 nm 1T 3 X C-H string+2 X C-C string
DODRIMBZENTNHEESNTVWEFHNLL, INLIEFH
JENG (FU 701 K) ITKBABINEEZEZ SND, [HL
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Fig. 3 Original near-infrared spectra of raw milk

CETITHICENIE, 970 nm 1T O-H strings O WA
HEHEMG, INRKICEZRINEEZEZ 5NE, —H4,
EI% S (Ozaki and Kawada, 1996b) %, 740~750 nm
ICIKDER 3 (55 DWRINAS, 975~985 nm 17K DEE 2 s
DI H 5 & LTV B, ARG X 23S D
BIEZTT -7z Woo 5 (Woo et al, 2002) &, FD X
M A7 bvh 5 T44nm & 844 nm IT/KITEER T %
W23, 926 nm ICFLIBMT ISR 2 RINA H 5 & LT
W5, RIFRTHOSNIZART M VD IR A X7 b
WEEIEL 5 &, 740, 840, 920, 960 nm fiLIC E— 2 A3
B 57z, 970 nm T RKDOENH & LTE L Of
RENED S E T ATHS (Iwamoto et al,, 1994a ; Ozaki
and Kawada, 1996b ; Woo et al., 2002), Z=F.® 970 nm
LIS ORI DIFIEIC > W T, AL CIRET %
CEENEETH 20, KB X OFIEI ORIHHE -
TVW3bDEHEES N,

B3 £, 970 nm (L ZBRV TR <7 bRk
WETRITY7 b LTOVE, THINEBKIC X » TROB
G C b, ZHITk > TLOBBEEENLE T 5528
bZIFTVWEbDEEZ 5N S (Chen et al, 2002),

2. AELIEEAREEDATERE

7% 2 \REHEPA S L OREEH N T -7 &y b
STERR L 7o RBHRORIERE 278 L, 72X 4~61C
I &P/ N D5 & DRFEEMRGERS R 2 FLaksr T & ITR L
7o TNENOXFEND SD (FHEEFA (Standard de-
viation), NF [Z#EMIERIED PLS [BlFAHT0 7 7 7
% —% (Number of factors), r? [ZHERREL (Coefficient
of determination), SEP (3T7R/N) T & % FilllE
DIEH#EARZE (Standard error of prediction), Bias (374%
BEHTIE D15 LR otk ic K 5 FRIED I & D
7, RPD (3aE R O R ZE (SD) 1oxtd 2 FilllfiE
OfE#EE (SEP) @ (Ratio of SEP to SD, SD/SEP)
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Table 2 Validation statistics of the near-infrared instrument for determination of milk constituents
st TR T P MR
FLIkSY Ui EE RRAEIPH P SD , SEP  Bias .
“0) @ @ @ NEn T gy (g KPP L
Fat 412 29.3-44.1 K 0.77-7.09 4.19 1.34 7 137 0.95 0.30 0.05 4.47 y=1.00x—0.07
a 219 38.0-40.3 /v 0.77-7.09 4.23 1.46 7 73 0.95 0.31 —0.04 4.76 y=0.97x+0.15
Protei 412 29.3-44.1 K 2.30-3.85 3.27 0.33 11 137 0.78 0.15 0.02 2.14 y=0.90x+0.31
TOYI 919 38.0-40.3 /N 2.43-3.85 3.34  0.28 6 73 0.67 0.16  0.00 1.73  y=0.99x-+0.02
Lactose 412 29.3-44.1 K 4.57-5.50 4.96 0.18 13 137 0.84 0.07 0.00 2.53 y=0.96x+0.18
219 38.0-40.3 /N 4.63-5.50 4.99 0.17 7 73 0.85 0.07 —0.01 2.60 y=0.97x+0.17
n: #kEHL, SD: iR (Standard deviation), NF : BE#R(ERE D PLS RS D 7 » 2 4 =%t (Number of factors)
r’: PJUERREL (Coefficient of determination), SEP : dI7RAEEIC & 2 FllfE O fE#ERZE (Standard error of prediction)
Bias : B E O P L ERAS R & 2 THlEO T & 02
RPD : ik a0 ZHEfFZE (SD) 1wxfd % TillfE o F1EiE7 (SEP) olh (Ratio of SEP to SD, SD/SEP)
8
VELBE #E5R/): 38.0~40.3°C ) 4.0 =
y=0.97x+0.15 o/ TR BEEEH /)N :38.0~40.3°C ° /
< ’ =095 = y= 0(-)969: +0.02 i
L = 1> =0.
% SEPZ031% & 35 [ sEp-0.16%
= Bais =-0.04 % Y P =016
= RPD = 4.76 % Bais = 0.00 %
B B N RPD=1.73
ﬁ n=73 1S _73
g4 ® 30 | O 7
bt N
= 4
R i3
Moy & 25 | o
m //
o /
e
0 1 1 L 20 - ! !
0 2 4 6 8 2.0 2.5 3.0 3.5 4.0

ARG HEC LD HLARHA (%)

4 FUIEM ORIEREEE GOR O iR EEHIPH 38.0~40.37C)

Fig. 4 Correlation between reference fat and NIR-
predicted fat (temperature range of milk
sample : 38.0~40.3°C)

Th b,

WENROARNITBVT S 3 <, AESEO SD
_ﬁtf$wmmé<GWD@ﬁ%O,m%wméa
R D x DIRE LISEL UIF A0 It VWEL LB
WIEE AR ENTEXLEEZ NS, BHTHEN O
FESRbED - 72 THGAIEREBUC B IC Bk
THWND D 5H, FIf5IEKIC L 20HELS R <2
R OVAIRICEEAE ZIE LTV 25D SFUEN OGS %
R MWVIZELEGENE D EEZ ONDS, FEHEHE
EOFFHDOEVIC K ZFEENDORKEBEEIHONE
ﬁ‘of:o

AL THMELBEEICL D, RO ZREST S &
MTEle L LEBDS, KON, sy vy
B, FMEOMERE I Woo 5 (Woo et al, 2002) DR
EICHIR L TH - TW iz, ZDOHHIE, Woo &DfiH L

ARG HIEC L DR T (%)

M5 Fy o HoRERE GUR ORI 38.0~
40.3°C)
Fig. 5 Correlation between reference protein and
NIR-predicted protein (temperature range of
milk sample : 38.0~40.3°C)

T IR T S TR O RFFEH#Zs (NIRSystems model
6500) TH b, KEHFEED 2nm, Averaging 75 50 B
FOBEHRHRE D 40C T—EBLEDEEIC L L b D L
TEXN5,

3. AHEEORENAEREICEZ S EDES

7% 3 ICIREEHEIFIA £ 20 W REHEF/ N OFEE A H VT E
NZNLERK L 7 M B < 38°C A D 1 D ik D LAk
DERIE LI a OFEEERGE L 7cfE R 2R L Th
Ik B &, MERERGRR O TR P RS REAREE SR
RENEENAEE GHaE (1)) LHELT, aFh
HWES GHAEYE (2) 1F, LVTFROIERSICBVWTH
r?HBMEL 7Y, SEP 3K EL 7Y, Bias B 3IEHE U F 2
BRELBD, RPDAWNS KB E, FBEOK IR
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Table 3 Comparison of the accuracy in two cases: (1) when sample temperature for the validation

subset is included in the temperature range of the calibration subset and (2) when sample

temperature for the validation subset is not included in the temperature range of the

calibration subset

Mg T E ARG AR AR T E ARG R
FLARSY TEkaEE D plzhiea ol i R sy il SEP  Bias .
mEREE (O " (o) ¢ MEE T ) g KPP i
29.3-44.1 () 0.92 032  0.09 3.44 y=0.97x+0.01
Fat 38.0.40.3 00 29.3736.6 1.37°6.32 (2 077 052  0.32 2.10 y=0.91x+0.03
, 99.3-44.1 (O 0.79 0.7  0.05 2.16 y=0.95x+0.10
Protein 38.0-40.3 50 2947317 2.37-3.T4 (2 062 023 —0.03 1.63 v=0.97x+0.11
29.3-44.1 ) ] (O 0.82 0.07 —0.01 2.38 y=1.04x—0.20
Lactose g5 5 493 90 3107369 4.58°5.35 (2)  0.64 0.10 0.08 1.68 y=1.11x—0.64
6.0
YELEEG /N 1 38.0~40.3°C V 58 =E
v=0.97x+0.17 / . e e e R
R 2085 / RUE L FUERIEREE I L b, FLS % B WS Tl
& o5 | SEP=0.07% ETBHENTE o & HRBHIERER O REEHN O
£ 27 Bais=-001% HECH N, RS ESVIECHIES 2 BT X
° Too LIchi=> T, A REEOFBE2ZE L CGIETE
é BIRERHERNOBRBRAEMER T 5 7201013, [V R
@50 FOREEZIEST 2ENNETH S EEL N5,
e -
B B
AR AW SR 0 E BE B BT T Fe e e (LRI
us . . HE) 1Tk B THER - FroErAIH @ 72 9 O RERERFFCHE
Tas 50 ss 60 HE (WIFERES RN kAR & 4 2 JLAEAR

ARSI LD FLHE (%)

6 FLEEOMEREE GUEoRE#iP 38.0~40.3°C)
Fig. 6 Correlation between reference lactose and NIR-
predicted lactose (temperature range of milk
sample : 38.0~40.3°C)

DHNT, LIch>TARY MV RIEEOERNSE
NnN5&EEZ 515, Marcelo 5 (Marcelo and Damarih,
2004) (I EARERGURI OB ICHIE 3 2 Bt o
WEENIGEIRENLHE T, GENBVEAIE
QRN 2FHAREL TVWE, FmE S (Kawano
et al, 1995) DT - FdTRAEEIC K 2 € EDHEIED
MIZE*> Sirinnapa & (Sirinnapa et al., 2003) DT - 72
TR HEIC & B < v T —OREORAOBIFL T,
B & 15 IR EE O RE 2 BRI AA G TR ERE D]
REICE 2HEMME SN TV B,

PUbol &hro, mEHRIERGEE OREHRHMATH N
3, AN ZEZESVRETHETE 2F: P bh -7, LI
Mo T, PR ISIREDREEZE L CTHIE T & 2 Ef
RS B 7o I3, AWIREFPHD? SRR ZIEE L T
MR AR T B NEND 5 EFEZ 515,

BHROA v 74 vE=% ) v 7 FEORTE, hIES -
A AR O IR B K Ol L RIE R E OBFE) | Ik 0T
BN bDTH %, HHREORELE IHRAZILHEER
HYEHIRTH B, Ty OIERERITICH 20, JhiE
ERFREFHERE TEOTRESA, EiRESA,
B O/INERER S ADE RIS B %187, C
TITEE L CTRALICHEZ £ T
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