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Near-Infrared Spectroscopy for Online Real-Time Monitoring of
Milk Quality during Milking (Part 2)

——Precision and Accuracy of Calibration Models to Assess Milk Quality during Milking ——

Masataka KAWASAKI*, Shuso KAWAMURA*' Hiroki NAKATSUJI*), Motoyasu NATSUGA*!

Abstract

We previously showed in part 1 that a near-infrared spectroscopic sensing system constructed on
an experimental basis can be used to assess milk quality in the laboratory. In this study, we
developed calibration models for predicting three major milk constituents (fat, protein and lactose)
during milking by the sensing system and validated the precision and accuracy of the models.
Coefficient of determination (r?) and standard error of prediction (SEP) of the validation set for fat
were 094 and 0.55%, respectively. The values of r? and SEP for protein were 0.80 and 0.13%,
respectively, and the values of r* and SEP for lactose were 0.83 and 0.09%, respectively. These
results indicate that the sensing system can be used to assess milk quality in real-time during
milking. From the data of milk constituents measured by the sensing system and milk flow rate
during milking, we calculated milk constituents of whole one milking. The calculated values of
milk constituents well agreed with the reference values.
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(1) FUERAEEREIC X 2HE
HELAAEREEBEICLAE7 o —F +— b %X
LR L7, FUERERESEROHIE DT ZX 2 12,
VERLHE D 2 =7 F VAEESORET- 2 3 1SR LTz R
7 M VIERIZE LR CTHVW A bD LE—TH %,
PEFL LA I v — D 5 222 b OVIIEER % S
N5, HIEHTIE600~1050 nm DFEEET 1 nm &G0
IEEOBBREZRE Lice A7 FVORAIE GEEd 1315
MR TIT-> 7o Tk, AFLEFFAETHCESN S, FL
AT 1 pEOAEEFHIIL 7o, 2Dk, HFLIEY v
TI—ITEONB, BT I —TR1INERTERL
B VR 2 R L 720 iZIcAERLIZ N » b Tlh]
Nz, AL TRICHEIL L RS OAEOHES XU
PEFL 1 [B15) D FLHE el O BRI 21T - 72,

71 % % 3 5 (2009)
o —H
A7 MV =y A7 bARIE
AEH (158 15)
aybEa—#
— |®EBE
(15 4)
— 4y 47 B
[yr75— = (%)
igs AR
=) | R
(HEFL1EI5y)

X1 BIED70—F ¢ — b
Fig.1 Flow chart of the experiment
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Fig. 2 Online near-infrared spectroscopic sensing system
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Fig. 3 The near-infrared spectrum sensor during milking
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Fig. 4 Original near-infrared spectra of raw milk during
one milking
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Table 1 Validation statistics of the near-infrared instrument for determination of three
major milk constituents during milking
ik T R ARG

FLo 35 4 i Sty SD ) SEP  Bias .

@ @ e N T gy (g R %
Fat 762 0.65-11.36 4.78 2.23 7 254 0.94 0.5 —0.01 3.77 y=1.00x+0.02
Protein 762 2.60- 3.96 3.10 0.29 8 254 0.80 0.13 0.02 2.25 y=0.94x+0.18
Lactose 762 4.50- 5.49 4.99 0.22 6 254 0.83 0.09 0.00 2.40 y=0.98x+0.11
n: kL, SD: f#{E7 (Standard deviation), NF : #&EERIERED PLS [0lJ@3 7D 7 » 7 ¥ —# (Number of factors)

2 PUEREL (Coefficient of determination), SEP : dTRZAAEEEIC & 2 TilllE 0 f4ERE % (Standard error of prediction)
Bias : FHESMTE DN L ARA S EEIC X 2 FllEONE & D72
RPD : #aEHER O FHERAE (SD) Ik 5 TillfiE o 575 (SEP) Db (Ratio of SEP to SD, SD/SEP)

12
y =1.00x+0.02

— =094 °
° 0000
< SEP = 0.55% @
S ¢ | Bas=-001%
= —
= RIiD =347 o5 o
Q@ n=254
‘Q” 0
= o

4 L
gi'? 75%°
) o

3
0 1
0 4 8 12

PARIMr F BRI L D ELAR (%)
5 PEFLRF D FLEHG O MIE R

Fig.5 Correlation between reference fat and NIR-
predicted fat during milking
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Fig. 6 Correlation between reference protein and
NIR-predicted protein during milking
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Fig. 7 Correlation between reference lactose and
NIR-predicted lactose during milking
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Fig. 8 Changes in fat during milking

FIEEAEEDONBLOVE L @b nic (01~03%
FEED) D9 5, FUBESTETLBG A S#E TR T 0.3~
0.6% EE DT 5, &V HHEREINED S, X8~10
ICFUEBIEREE I X - THIE S N7 HEFLRF O 156 g o
Dy OEADOREM 2R LT, 25 DKIE Cow
1059 % 11 24 HOX FB X UR 11 H 25 H ORI
HLEBOARSOZELTH B, 11 A 25 HEOFESY
DF =7 EHMADZRRT b ADpSEH LD TH B,
B8 i ki, FUIEMT 3VERLBAGIR TR <, PEFLIRER
OB E EbITEML O ERIAR S N, DK
BVEALOD * H =X 48 L OEANOAL; O AR 4
%, AENTHIZFIIE S X 0PI % - TV B,
TN O A 7 — TV O ASIC L D PIEIICE S
ICHEHTE 208, FLEENOFLIEA + >+ v itk B3,
HEEERE SR S v EHEH T 0w (Furumura,
2006), b B, FEAMEETRIIOICHIED PO
s & THEAPILE ISR SYIEIRIM A 52 B, T
DRI B HE% 8 > TRIMDOHEIR T MZES N 5 &,
TRABENSA F ¥ b v yBSWSH, MAICHEAT
b, TDAF VY yFBRICENEST B &, AIRERD
P s N 5, FLEADSFIZ 52 T & FLHHEH SR
DAL B E£ TIT 30~60 B DEFEI A B, MDA +
Vb v vRE BRI A~5 R 5. FLh O lENEK
FFUIRRREN T FEICIE B L TREE L T Wi, PERL
P SFLIEI MR OEL R s, 7 U TPERLIRR O %
WIZRE > THABN DEE DS 72 % (Furumura, 2006),
S SICHIENG RGN B B 7o O FLEAEN OB E R £ — K3
By TORDEANKTITES EAENOEINKT
LC&ETH o, AMEHRAIENIICHITT 2, COFHLE
ADBFIHIEN P E L B AFHKE STV 5 (Ontsouka
et al., 2003),
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Fig. 9 Changes in protein during milking
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Fig. 10 Changes in lactose during milking
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123 DEEN KX 115 (Furumura, 2006) 729, FLIS
MinEL 185 EFZ 65,
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Table 2 Validation statistics of the near-infrared instrument for

determination of three major milk constituents at each

milking
o o Rk 4y EiPH SEP  Bias .
N E!
A %) n % O I
Fat 2.49-7.11 28 0.96  0.28  0.26 y=1.03x+0.11
Protein  2.75-3.89 28  0.86 0.12  0.00 y=1.07x—0.23
Lactose  4.69-5.25 28  0.85  0.07 —0.05 y=1.00x—0.03
g " g 4
< y=103x+0.11 0 P y=107x-0.23 /
2
= =096 w0 /70 D ' =0.86
= 6 SEP=028% o N\ 40 - SEP=0.12% /
/% Bias = 0.26% \;ﬁ\- Bias = 0.00% °e //
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Fig. 11 Correlation between reference fat and NIR-
predicted fat at each milking
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Fig. 12 Correlation between reference protein and
NIR-predicted protein at each milking
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Fig. 13 Correlation between reference lactose and NIR-
predicted lactose at each milking

V 58 =E

ARPE L 7 FUEINERE A VT, RIS B T 53U
BEEORECHETE, UKSOLEBEL Y51 VT
T=5 Y Y IFBILENTES, & DICHERNERE S
FAWT, #ERL1 BSOS E RV THIIT 5 2 &
MT &I,

References

Furumura, K., 2006. Fundamentals and application for dairy
cow management (in Japanese). Kashiwamura, F. Ed.,,
(Revised edition in 2006). Daily Japan Co., Tokyo, 128-
144.

Itoh, K., 2001, An instrument for continuous determination of
milk constituent contents. Japan Patent Office, Patent
No. P2001-91458A.

Kawasaki, M., Kawamura, S., Nakatsuji, H., Natsuga, M., 2009.
Near-infrared spectroscopy for online real-time monitor-
ing of milk quality during milking (Part 1). Journal of
JSAM, 71 (2), 39-45.

Kondo, S., 1998. Behavior and herd management of dairy
cattle (in Japanese). Dairyman, Sapporo, 1-90.

Natsuga, M., Kawamura, S., Ito, K., 2002. Effects of wave-
length range and light path-length on the accuracy of
the constituent analysis of unhomogenized milk using
near-infrared spectroscopy. Journal of JSAM, 64 (5), 83—
88.

Ontsouka, C.E., Bruckmaier, R.M., Blum, J.W., 2003. Fraction-
ized milk composition during removal of colostrum and
mature milk, J. Dairy Sci., 86, 2005-2011.

Schmilovitch, Z., Katz, G., Pinski, N., Hoffman, A., Egozi, H.,,
Maltz, E., 2007. Real time milk analyzer. Proceedings of
the 3rd CIGR Section VI International Symposium, Naples,
Italy, 1-6.

Tsenkova, R., Atanassova, S., Itoh, K., Ozaki, Y., Toyoda, K.,
2000. Near infrared spectroscopy for biomonitoring : cow
milk composition measurement in a spectral region from
1,100 to 2,400 nanometers. J. Anim. Sci., 78, 515-222.

(a2 - 2008 4F 1 H 24 B - ERIMAR : 2009 4E 7 H 31 H)

S

[(BsEDa X >V K]
FEHE, SOHERBE AR IS ERIEORRSLET
bHBHEEZETH, WEDKITILA SHDNKEZIT-> T
WADTL&OID?

v b

[aX v MIxtT 2EEDRRE]

WX ThikRTwE Ty, BAIELAAVEREEE L
WEE A —Hi s, £ —N"—70—1"( 7%
W TRIEROEHEE —EICROELE LTV E T,
Z OFER, RESUaEILRE ERcE S, EEHCEL
ENEH L Chb N ar vy sy T ENT >4 N— DN &
ML & DR —EICED T ENTEE Lz, TOD
XonEicky, REuKuaoBisbkrticsictd
WEd, 7L, METOE OO TFIREIEcEE
AN, EFLFAESHNTEICHE L TBD, NSER
o RZIdTwEEEbNnE T, L L/hSBA0E
OEBINSVWEEDbNE T, ToOfRELT, AEL
FHERIEREZ VT, HEILRRICE T 2 1 2 HHE
RAEL I EFSEECHIET 5 EMWAMGEL S - 7 &
Ebnfd,



