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ABSTRACT

To develop the somatic cell counting NIR Spectrum method within a range of 400-2500 nm, eosin-Y, methyl red, methyl-
ene blue, resazurin and amido black 10B were tested at 0.01% in raw milk. The PLS (Partial Least Square) results are sum-
marized as follows: Correlation coefficients of the calibration model measurements by NIR spectroscopy in raw milk for
eosin-Y, methyl red, methylene blue, resazurin and amido black 10B were 0.78, 0.65, 0.63, 0.65, 0.98 and 0.99, respectively.
The correlation coefficients of the prediction model measurements by NIR spectroscopy in raw milk for eosin-Y, methyl
red, methylene blue, resazurin and amido black 10B were 0.49, 0.21, 0.36, 0.47, 0.95 and 0.98 respectively. Based on these
results, amido black 10B was the best additive for the NIRS somatic cell count method.
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Z.95 Agd}7]ol B3P (Kim et al., 2006), Fossmatic
He a7ke] AAE SA7171F ol&3ste] AAES A
o] §Fo 2 o]&(Tsenkova et al, 2001)%3L ok 7
AAQ HollA wl-g- A o|THKim er al., 2006). WHH,
ZHR)AN EFATAE o83 B4 LSS BE
o] A¥@s}Y(Chun and Cho, 2007), HAA| 5] 7-F 1A
AlFe SAAERT Q@] <3t 71717 vl b
ol (Jung et al., 2000), NEE HAY glo] FA| o
o B B2 A& 24 ¥ 5 dE AL AL
21tHNoh er al., 2004).
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Purnomoadi 5(1999)2 U5 2|9z} whal 2
1,100-2,500 nm <ol A Milkoscan(Foss, Denmark)Z i}
oke) AAE7F 2+ 097, 0.94= vi-¢- FEE s BHA
o1, Pravdova 5(2001)2 NIRSS o]-&3} -f AA| x5
Z39] 7)% ATolA 400-1,100 nm FolX =3 & PLS
(partial least squares), Robust PLS®} UVE-PLS(unin-
formative variable elimination-partial least squares) 52| 3
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TR AHEE vuwsly 7} 0.79, 0.859 0.87 g
< Yehdts B30, Tsenkova 5(2001) 95
AAE ArFe] AZE A 71H AFoNA NIRSS] 1,100-
2,500 nm FHAA FGA BEHAe] ASAAATI} 0.85,
AZL2PF 0389 A#E Jepdcky BRusigo}. w3
A AAEZSF 38 21514 Brennan 5(2003) A
F9 Al I F NIRSE o]83F 22l 7] 7AAPY
ATE Hag bl ok

2 dFMe 2H9 EFFEAE o83 7 A
A2z 549 HITE £0]7] A3 eosin-Y, methyl red,
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AEL] HAS AAIEL] $18 BEA| (Broad Spectrum Micro
tabsII, D&F Co.)E ¥+ 40 mLBF 132 7} stgch
(Choi et al., 2006).

A A

HEA AgE dF AEE 40°CE F-RI3 F(Tsentkova
et al., 2001) eosin-Y(C,HBr,Na,O;, Junsei Co.), methyl
red(CsH;sN;0,, Sigma Co.), methylen blue(CH N,CIS -
4H,0, Syakuri Co.), resazurin(C,,H,NO,Na, Sigma Co.)
2 amido black 10B(C,,H,,N,Na,0,, Hayashi Co.) 52 5
7}A] AAE The Merck Index(1983)°)] we} 0.1% &H2

S

Azt P8l 0.01% 22+ A7)srgc.
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Aritiseptic reagent

(Foss, FT-6000, Denmark)S o] &3l ©ruld =9}, #%
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XM AT ER £X

BHEA) AEst 4= 5°C o8t 2%k 19 ool &
Hey =4S 4530k Fig. 13 2o] Ui A8 AL
He AAE Aol Hrksled 587 ¥ $(Kim et al,
2006) 7HA B 2H L) P99 1T EFFEA(NIRS
6500, Foss, USA)E ©]-83l 400-2,500 nm FGlA] 2
nm HE0E WAL AHERS 2459

flofEf £

A7) bzl Ui % 2Ae ALF AHY 3
Boz xHEYT BN L BB 1AL WA

v)E AHEeH G ARSI T, BE 3 LA S (partial least
square, PLS)E ©]-&-3to] A48ttt 40l ARS-E A
2] 2 48 Unscrambler(Camo, Norway)S ©|-83l%c}.
=S, AEY dF S Fo)7] Y3t AMETA A&
2I(Logys AT AE S Fo 2 st EAS st
ATHKIm et al., 2006).
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Fig. 1. Experiment condition for somatic cell count with reagents in NIR Spectroscopy.
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Table 1. Range mean and standard deviation (SD) of fat, pro-
tein, lactose and somatic cell count (SCC) of exam-
ined milk samples measured by reference method

methyl redd7Fd-f~= 2 gto] 7

3 S9FT1 eosin-Y, amido
2R EF <

ToE FBET} o}
A7 Ao FB=0 P =4

black 10B, resazurins
Z|H, methylen blue7}

woloumple_ofsamgie Mem S M Mux  vepy
Fat %
Calibration set 100 431 069 248  6.09 ZEfo| &y
Prediction set 98 421 082 217 8.09 245 198719 AHEY Z= 50%2 Ao A A}
Protein % f3lgon, UMz 50%2] HOJEE o]&dle] e
Calibration set 100 339 034 265 449 d& nde AZslgct AR 2de OHFEYE A
Prediction set 98 339 027 176 417 & x5y 8 TAFAZ(cross validation)S 33}
Laét:lsi:)r?tion set 100 474 021 417 520 L. =2 fac,toﬂ st u}% Ejgl% 9.%}(5150
Prediction set 98 473 021 365 511 standard error of calibration)] WshE w3t H: 7
SCCLog) 9] factorE AAShH= EoE AAERHE ALY
Calibration set 100 559 259 418 652 A BFEEAE ol 8ste] f B A3V 9
Prediction set 98 556 240 426  6.13 fro] ~HEy 243ty FFEHT 7R A o

*Fat, protein, lactose and SCC was determined by Combi Foss
FT-6000 (Denmark).

740 opE A AmER| X|0|

TBRARZAAA el ~HE-RL Fig, 29} 2Eo] 400-
600 nm¢] 7HAFA F9D3} 1,400-1,600 nm, 1,900-2,100
nme] ZF LA Fol| A 2}o]E Holn, 3] 400-900 nm
WA dHellMe] F3xe] Afolr) ), raw milke}

WAR 24 Av= Table 33 2} ZF Aggdgd &
AT = 400-600 nm P o] Yf-(raw milk)ollA] ATe
7HR?) 0.78, W8 QXHSEC)7} 0272 VFERSEL, eosin-

= 400-600 nm FGAA FHET} 0.65, LA 041F
Ve O™, methyl redE 400-2,100 nm QoA A
7} 0.63, 227} 0.31°]9, methylene blue= 400-2,100 nm
Ao x ABET} 0.65, 237} 0.300]F raw milk}: THE
o Ames Ubehar Yt Resazurin 400- 2,100 nm

Table 2. Distribution of raw milk samples at different somatic cell grade

Quality Grade Range of SCC Number of sample Propotion (%) Average SCC Average SCC (Log)
1 Grade <200,000 54 273 98,491 4.99
2 Grade <350,000 49 247 274,204 5.44
3 Grade <500,000 50 253 412,980 5.62
4 Grade <750,000 30 15.2 591,767 5.77
5 Grade >750,000 15 7.6 1,133,063 6.05
Total 198 100.0 376,879 5.58

*SCC=Somatic Cell Count
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Fig. 2. Reflectance spectra of visible/near-infrared spectrum of milk with different reagents.
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Table 3. Correlation coefficiency of calibration of NIR spec-
trum with standard method in raw milk by adding

Table 4. Correlation coefficiency of prediction of NIR spec-
trum with standard method in raw milk by adding

different reagents different reagents
Milk Wavelength Calibration . Wavelength Prediction
Milk Sample
Sample (nm) F N R>  SEC(Log) (nm) N R? SEP(Log)
400-2100 4 0.55 0.36 400-2100 0.23 0.45
, 400-600 8 0.78 0.27 ) 400-600 0.49 0.42
R 1k k
AW 1400-1600 1 100 610 o043 Rawmikk 01600 %8 0.10 0.44
1900-2100 1 0.11 0.43 1900-2100 0.15 0.43
400-2100 1 0.58 0.33 400-2100 0.13 0.47
Eosin-Y 400-600 4 100 0.65 0.41 Eosin-Y 400-600 08 0.21 0.45
added 1400-1600 1 0.28 0.39 added 1400-1600 0.10 0.45
1900-2100 1 0.51 0.35 1900-2100 0.03 0.45
400-2100 2 0.63 0.31 400-2100 0.36 0.39
Methylred  400-600 1 100 0.44 0.36 Methyl red 400-600 98 0.24 0.40
added 1400-1600 2 0.51 0.34 added 1400-1600 0.27 0.40
1900-2100 1 0.54 0.33 1900-2100 0.21 0.42
Methvi 400-2100 2 0.65 0.30 Methvl 400-2100 0.47 0.37
ebhyl:“e 400-600 1 0o 045 035 elt)lieene 400-600 o8 0.36 0.39
added 1400-1600 2 0.47 0.35 added 1400-1600 0.34 0.40
1900-2100 1 0.52 0.31 1900-2100 0.34 0.40
400-2100 7 0.98 0.08 400-2100 0.95 0.13
Resazurin ~ 400-600 8 100 0.92 0.17 Resazurin 400-600 08 0.86 0.21
added 1400-1600 4 0.85 0.21 added 1400-1600 0.83 0.23
1900-2100 7 0.95 0.13 1900-2100 0.91 0.17
Amid 400-2100 9 0.99 0.04 Amid 400-2100 0.98 0.09
A0 400-600 4 0.87 0.19 mdo 400-600 0.85 0.21
black 10B 1400-1 100 black 10B 98 0 0.18
added -1600 9 0.91 0.16 added 1400-1600 .89 R
1900-2100 7 0.94 0.13 1900-2100 0.86 0.21

*F=Factor, N=Number, R’= Coefficiency of multiple correlation.
SEC=Standard error of calibration.

G AAET} 098, 2271 0088 & ABEE
oJF3 9131, amido black 10B A7}A] 400-2,100 nm
Aol BT} 099, QX7 0.4 71 =L AT
HoF3 it

i of

HEAol HS

ZE Ao FEAEE ERIs] st 50%9] 7
& ARE o83l AFE Zdg A AS3 Avh=
Table 43} 2t} 2t 2] YQE=E JA} =& 29E
Hwsl] B9 Af-(raw milk)= 400-600 nme] oA 2]
ARZRY7} 049, AZE QXHSEPY} 0.420|9 (Fig. 3),
eosin-Y+= 400-600 nm F YoM AAT+= 021 227}
0.45% JEbgEIl(Fig. 4), methyl red= 400-2,100 nm 9 <
oA BTt 036, L3= 0.392 (Fig. 5) AeFS A7
A & AFe A A9 By v v AReE g
Wt} methylen blues 400-2,100 nm G4 AHAT7}
047, 227} 0372 thk W2 AATS VeIl (Fig. 6),
YHA, resazurine 400-2,100 nm %G Yo)A AAE7} 0.95,

*N=Number, R2=Coefficiency of multiple correlation. SEC=
Standard error of calibration.

L27F 01302 F2 ATUEE Y JoH(Fig. 7),
amido black 10BE Hr}sle] ®d 7AZ Azl AA| G0
A ARAEE 098, Q3= 0.092 Y =& AREE B
o w9 L& HAF5EE BT UT(Fig. 8). Tsenkova
2001y 1,100-2,500 nm BN raw milke] FA|E
FE 343 A% wAR T AATZRYT 0.87,
R QAKSECY} 0.36019, ASH Tl HFE
T} AR (R} 0.85, AER 2 XHSEP)7} 0382 VERY
E ARG 953 295 JERth o] Tsenkova &
(2001)2] ARANA o]8&d AFMEY SCC (Log)e] 17
R 2do ALg-E RFEXE 0.69, 355 ZddlA AL
29 EFAXE 0772 Table 18] 33 vlus)] 2 A3y
oA AREE MERT 253 WHEAS Hole AES AL
£ FH=rt 24 Jeda gddth B AN &
Ao BB FTAE o] 88k amido black 10B MAE
A7 46 AANESE FossmaticH o = 233 AAME
Fote] A AF A AR=®RYE 09804, ASH
SZHSEPY7} 0.092 vl F2 A9E Yeh) a3 A



Fig. 3. Prediction of SCC of raw milk with amido black 10B
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AEF S A H7t A4 Hr) JHAio

2 43 279E $83+9 Amido black 10BE 99
A7H 249 EEBEAZ A3 583U H
AMES 0] 7V Aoz dordt).

2 %

B delire 239 BRATAE o83ty Uiy
AXES S BRg HHo MAE A3r) 5t
eosin-Y, methyl red, methylen blue, resazurin %! amido
black 10B 52| 5714 MAE 0.01% F7} & X 2
BRTAZS o] 838t 400-2,500 nm FHoA] ZHsIg o
™, PLS(partial least squar)®4] Ayl= vhe3 2o} wA
B ZdoAe] AAEE raw milk 0.78, eosin-Y 0.65,
methyl red 0.63, methylen blue 0.65, resazurin 0.98 ~1g]
31 amido black 10B= 0.99 St} 3, AZYE mdojx
9] AHE= raw milk 0.49, eosin-Y 0.21, methyl red 0.36,
methylen blue 0.47, resazurin 0.95 1#]3l amido black
10B= 098 Rt} | AFAE FFs| EHW, amido black
10BE 713 73-¢ AFE Zd9] Ja=E 098, A5%
QAHSEP= 0.092 7P 58 275 B9}

=8

iy
kJ

1. Abhn, B. S, Kie, K. S., Suh,, K. H,, Yeo, M. J., Lee, J. M.,
Jeon, S. B., Park, S. B., and Kim, H. S. (2004) The effect on
somatic cell score and milk components by days in holstein
dairy cows. Korean J. Anim. Sci. Technol. 46, 925-936.

2. Brennan. D., Alderman J., Sattler. L., O'Connor. B., and
O'Mathuna. C. (2003) Issues in development of NIR micro
spectrometer system for on-line process monitoring of milk
product. Measurement 33, 67-74.

3. Choi C. H., Kim Y J., Kim J. M., and Kim K. S. (2006) Pre-
diction of somatic cell count in raw milk by reflectance spec-
tra. Proceed. Japan-Korea Joint Symp. on Near Infrared
Spectroscopy, pp. 250-251.

4. Choi C.H.,Kim Y. J., Kim J. H., Nam. E. H., and Kim K. S.
(2006) Development of measuring technique for somatic cell
count in raw milk by near infrared spectroscopy. Proceed.
Korean Biosystems Eng. Conf., Suwon, Korea, 11, 361-365.

5. Christensen, D. A. (1981) Foss electric information, applied
cell counting for optimum dairy production. Hillered Botryk-
keri. 1, 48.

6. Chun, J. U. and Cho, K. C (2007) Discrimination of Korean
and Japanese green tea prducts using NIR spectroscopy. J.
Kor. Tea Soc. 13, 93-104.

7. Dohhoo, I. R. and Meek, A. H. (1982) Somatic cell counts in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

bovine milk. J. Can. Vat. 23, 119-125.

. Herald, C. W., Jones, G. M., Nickerson, S. C., Patterson, W.

N., and Vinson, N. E. (1977) Preliminary evaluation of the
fossomatic cell counter for analysis of indiviual cow samples
in a centraltesting laboratory. J. Food. Prot. 40, 5223-5226.

. Heringstad, B., Chang, Y. M., Gialnola, D., and Klemetsdal,

G. (2003) Genetic analysis of longitudinal trajectory of clini-
cal mastitis in first-lactation Norwegian cattle. J. Dairy Sci.
76, 2676.

Jung, H. I. and Kim, H. J. (2000) Near-infrared spectroscopy:
Principles. Anal. Sci. Technol. 13, 1-14.

Lund, M. S., Jensen, J., and Pertersen, P. H. (1999) Estima-
tion of genetic and phenotypic parameters for clinical masti-
tis, somatic cell production deviance, and protein yield in
dairy cattle using Gibbs sampling. J. Dairy Sci. 82, 1045.
Noh M. J, Jeong J. I, Min S. S, Park Y. S., and Kim S. J.
(2004) A study on the determination of adulteration of sea-
same oil by near infrared spectroscopy. Korean J. Food Tech-
nol. 36, 527-530.

Poutrel, B. and Lerondelle, C. (1982) Cell content of goat
milk: California mastitis test, coulter counter, and fossmatic
method for predicting half infection. J. Dairy Sci. 66, 2575-
2579.

Pravdova. V., Walczak. B., Massart. D. L., Kawano. S., Toy-
oda. K., and Tsenkova. R. (2001) Calibration of somatic cell
count in milk based on near-infrared spectroscopy. Anal.
Chim. Acta 450, 131-141.

Purnomoadi, A., Keshab K., Batajoo, Koichiro Ueda, and
Fuminori Terada. (1999) Influence of feed source on deter-
mination of fat and protein in milk by near-infrared spectros-
copy. Int. Dairy J. 9, 447-452.

Samore, A. S., Schneidder, M. del P, Canvesi, F., Bangnato,
A., and Groen, A. F. (2003) Relationship between somatic
cell count and functional longevity assessed using survival
analysis in Italian Holstein-Friesian cows. Livest. Prod. Sci.
80, 211.

Tsenkove. R., Atanassove. S., Kawano. R., and Toyoda. K.
(2001) Somatic cell count determination in cow's milk by
near-infrared spectroscopy: A new diagnostic tool. J. Anim.
Sci. 79, 2550-2557.

Tsenkove. R., Yordanov, K. 1., and Shinde, Y. (1992) Near-
infrared spectroscopy for evaluating milk quality. In: Pros-
pects for Atomatic Milking. EAAP Publ. 65, Pudoc,
Wageningen, The Netherlands, pp. 185-192.

Windholz, M. (1983) The Merck Index 10th ed., Merck &
Co., Inc.

A7, YT, Fe8, Arle, 39, 385, AN
(2006) A4S o] 87 S AAZF AP A4 4
T B, AEAT4. pp. 832

(2008. 2. 13. T=/2008. 3. 13. AfEH)



