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SUMMARY
(FELYFE)

Because the quality of milk has influence on the cost of milk products,
measurement of milk properties such as SCC, fat, protein, SNF and lactose is the
most important for dairy industry. Especially, the SCC is a recognized indicator of
cow" s health and milk quality. Milk from infected cows, associated with mastitis,
has the high level SCC. Fast detection of SCC can help to exclude infected milk
from dairy production and early treatment can minimize losses of dairy farmers.
To improve the quality of milk, frequent measurement of milk composition of
every individual cow was needed.

The industries use several types of sophisticated instruments to determine milk
constituents in the laboratory. SCC is determined by and integrated flow
cytometer. Fat, protein, SNF and lactose are determined by infrared spectroscopy
in the range of 3,500~9,600 nm. But reference method was expensive and
time—consuming and there are currently no practical on—farm methods to determine
milk properties. The NIR spectroscopic technique, which has very high signal to
noise ratio, has a very short detector response time, requires minimum to no
sample preparation, can simultaneously determine multiple milk properties in the
farm.

The final goal of this research is to develop a real—time portable quality
evaluation system which can determine milk properties simultaneously in the dairy
farm.

The real—time portable quality evaluation system consisted of a flow pump to
supply milk sample and reaction reagent at given volume, a fan to mix milk with
reaction reagent, a thermoelectric device to maintain sample temperatures of 40C,

tungsten—halogen lamp, spectrometer, optical fiber probe to measure milk spectrum,



and embedded module to control signals. The performance of the real—time
portable quality evaluation system was analyzed by comparing the prediction
accuracy of the laboratory spectrophotometer.

Total of 200 milk samples were collected from dairy farms in the central areas
of Korea. The milk samples were preserved to minimize propagation of bacteria
cells during transportation. Milk properties such as SCC, fat, protein, SNF and
lactose, were measured by the Combifoss (Foss—Electric, Model 5000, Denmark)
and used as reference values. Reagents such as Methyl red, Methylene blue and
Resazurin for reduction test, Eosin—Y for dying cell and Amido black for dying
protein were added to milk samples. They activated for 5 minutes as optimal
reaction time (KFRI, 2006) before spectra measurements.

The transmittance spectra were measured in wavelength ranges of 350~1,700
nm. five repetitive scans were averaged, transformed to log(1/Reflectance), and
then were stored in the embedded module, forming one spectrum.

Spectra of milk samples were divided into a calibration set and a validation set.
Samples were ranked by values of SCC, and each set was selected by increasing
rank evenly. Half of the total samples were selected for calibration set, and 50%
were reserved for validation set. The calibration set was used during model
development, and the validation set was used to predict milk properties from
unknown spectra.

The method of PLS analysis was used to determine the milk properties. A
unique set of PLS loading vectors (factors) was developed. The multiplicative
scatter correction(MSC) and the first derivative pretreatments based on
Savitzki—Golay polynomial filter were applied to spectra to minimize
sample—to—sample light scatter differences. A developed spectrum analysis was
used to perform the PLS analyses. For each constituent, up to 20 factors was
examined. Cross validation was performed during model development, where one

of the calibration samples at a time was removed from the calibration set. The



standard error of calibration (SEC) was considered to determine the optimal
number of factors and the range of wavelength during calibration. On completion
of the calibration, the model was used to predict milk properties from the
validation set. Model performance was reported as the correlation coefficient (r),
the standard error of prediction (SEP), and the average difference between
measured and predicted values (bias).

The PLS models showed good correlations between predicted and measured SCC
with reagents in visible ranges. The PLS analyses for fat, protein, SNF and
lactose showed good relationship with reagents in the NIR ranges. The PLS
models showed excellent correlation to predict SCC by adding Resazurin, fat,
protein and SNF. These PLS models might be good enough to predict SCC, fat,
protein and SNF by applying spectroscopic techniques in the diary farm. The
correlation coefficient of lactose was lower than the other constituent models, but
the PLS models showed the possibility to determine the variance of lactose. The
prediction performance can be enhanced when the noises of reflectance signals are

reduced and method for signal processing is improved.

_10_
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O Raman instrumentation
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Electric field strength
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Fig. 1—1 Electric properties of propagating light.
Frequency —_— Visible
Hz
108 108 1010 1012 1014 1016 1018 1020 1022
Radio TV/FM Radar Heat Infrared Ultraviolet X-ray y-ray
L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
102 100 102 104 106 108 10-10 10-12 10-14
im 1Tmm ipm 1nm 1pm

< | Wavelength

Fig. 1-2 Classification of electromagnetic wave.

Table 1—1 Electromagnetic spectrum

Electromagnetic wave Wavelength Molecular level Spectroscopy
Radio wave 10° ~ 10" m Spin NMR
Micro wave 107" ~ 107 m Rotation Microwave
Infrared rays 1077 ~10°m Vibration IR
Visible rays 10%° ~ 107" m Outer electron VIS

Ultraviolet rays 1007 ~10°m QOuter electron uv
X—ray 1077 ~ 10" m Inner electron X—RAY
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Table 1—2 Absorption strength for overtone vibration level

Relative absorbance
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Transition (vo to vy)
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Table 1—3 Characteristic of NIR spectrum
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dl = IX_I: — e C L dx ee————— Al (1—6)

dl/I= —ecdx

A (1=6)o A vldAT e dutd o7 E3A5(Absorptivity) 2 211, £33 &
=(c)9 @97 E(MoQ A5 & S37A4(Molar absorptivity) 2kl 3FtH(Osborne,
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I; :Incident Light
Ry : Regular Reflection(Iy)
Rz : Body Reflection(I)

Rp : Diffused Reflection(Ip)
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T : Transmission(I)
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Table 1—4 Technical terms about near infrared spectroscopy

Symbols Meanings

e

o/,

A log(1/T), log(1/R)
Concentration(5%, %)

Coefficient of Variation(#o]A5)

Absorbance (&

c
C.V.
CCD
FIR
MIR
MLR
MSC
NIPALS
NIR
NMR

PCR

PDA

PLS(=PLSR)

PRESS

R

R

SDR

SEC

SEP

SNV

SSC

Charge Coupled Device
Far Infrared(4<]A)
Mid Infrared(Z2 £ 4)
Multi—Linear Regression(thaA8 3] AH)

Multiplicative Scatter Correction(t}hsAFgtE.

A)

o

Nonlinear Iterative Partial Least Squares
Near Infrared(% 2] 4)

Nuclear Magnetic Resonance(&A}7]&9)

Principal Component Regression
Photo Diode Array

Partial Least Squared Regression(3-&3 2253 7H)

%L

)

Prediction Residual Error Sum of Squares( <@ %A

Reflectance, Correlation Coefficient(Z=A14=)

Determination Coefficient(Z24A47)

Standard Deviation Ratio

A

Standard Error of Calibration(

Standard Error of Prediction(#

Standard Normal Variate Transform

Soluble Solid Content(a1 &% 3+k)

Transmittance (53} %)

Visual Light(7}A13A)

VIS
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3) Single beam

4) Double beam
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Fig. 1—8 Schematic diagram of single and double beam spectrophotometers.
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Fig. 1—10 Real time spectrometer(Ocean Optics, USA).
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(b) Prism type

Fig. 1-11 Grating(a) and prism(b) monochromator.
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Raw spectrum
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Fig. 1—13 Raw spectrum for concentration.
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Savizky-Golay Smoothing (Smoothiong Points =5, Polyorder=1)
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Fig. 1-14 Example of smoothing.
(Savitzky —Golay Smoothing, Smoothing points = 5, polyminial order = 1)

[\

) "] & (Differential)
AET nio XL ZAAe AWsh, SAGA ] Wst Go 9 ofrjd

NFAS OlFS AAS, A oY AR ~AEY Just e FHEe sdE

[>

s A AR Ede] g 24 MBS e Avolth TN @ AAEG A
nolX el B4l A7 molul, thE ARl dAe] BAUW He 23

=] = [ele)
Ed ARE Axste a7t des & F Ak

_58_



2nd derivative spectrum
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Fig. 1-15 2nd derivated spectrum.
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MSC corrected spectrurm

200

200

700

B00

500

400

300

MSC Caorrected Counts

200

100

ok N

DD | 1 1 1 1 1 1 1 1 1
950 8OO B0 700 750 ©00 850 500 550 1000 1030
Wavelength (nm)

Fig. 1-16 Corrected spectrum by MSC.
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Correlation Coefficient
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Fig. 1—18 Change of corelation curve for preprocesses.
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Table 1—5 Various type of regression model
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Table 2—1 A ratio of somatic cell count in other countries

Somatic cell count

Health ratio by somatic cell count

Country

(X1,000/mL) < 300,000 < 400,000 < 500,000 =500,000
Austria 160 84.9 % 71 % 4.3 % 3.7 %
Swiss 273 93.1 % 3.6 % 1.5 % 1.8 %
Finland 280 88.5 % 7.6 % 2.5 % 1.5 %
Norway 231 93.1 % 4.8 % 1.4 % 0.7 %

2001, H5x153]

Table 2—2 A change of somatic cell count ratio for each year

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade
( < 200,000) ( < 350,000) ( < 500,000) ( < 750,000) ( = 750,000)

2002 25.6 41.9 21.8 6.5 4.2

2003 31.7 32.2 17.4 11.5 7.2

2004 37.2 34.5 15.6 8.5 4.2

2005 42.9 36.1 13.6 6.0 1.4

2007, H5353

v A8 AAEZT AAPH

D #229(3A dvAdw)

AR A Edfol= ka1 em ol AE$ 0.01 mLE =, Ax
AA QN F AvAsel A ANEFE AR PAsa Avg AFE Fuel 94 1
mL % AMEZRE WS 2om of HAbgel @A AMES A EEHow
Yg] o]g¥a Qu} AN o] WhHe W A 7tu o] S o AMZ S A
g 3t7] ] ] gkt

) ARAA 2L BE
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A AFH Alell= T SR F AFASL A 227 6 CE oM = <F
w6417 ofuiel HAME @ steoF gtk Orthoboric acid(0.6%°lW)E HEA=
HA7F Alelli= 6 ColAd 2443 BED 5 Q. AMxss Hx 2~39 e 571
g F ARte] AojdgE aster AR HAAME A7) sl = AEE HAE 2

L8k

1}) o Aol (Newman—Lampert stain solution)

Methylene blue 0.6 g
Ethyl alcohol 95% 54 mL
Tetrachlorethane 40 mL
Glacial acetic acid 6 mL

Ethyl alcohol®} Tetrachlorethanes &33le] 60~70 C 2FFoA Azt &
Methylene blueE F¢ ZA 7}stch. 4 CZ A3 3 Glacial acetic acidE 7}ske] 10
~ 12 micron ©]3}2] % Alo]Z(Pore size) HE (Filter)S o] &3] o3} & A&

Sehol= Sk ARl Aol Hal, dae R AL F ARAA AREE, &

cm’AxHE viuste]l T o2 A8E AT AfE 30 ~ 40

ANAEF S A AE 71 RE A XE Axbsla o] gle= P98 & (Cytoplasmic)
dojg] & 2 A 717 AL AlF o E&|E(Small cell fragment)2 AASHA &=

ok A A ESFY AFE 2 (2—-1)3 o] Working factorE #3te] 2H4

ot

o,
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_ 100(5-F31 4] ¥l 5=) x 100 (mmS em?2 3
P2 (A 2 ) x 3.1416)
10,000

0.08%x 3.1416
= 500,000

MF

MF : dv) 7 A4 (Microscopic factor)
dE 5 X 2-33 o] 5040k Yo7 SAHIS W AMESFIE 300|QqTHH $-
f 1mL T2 AAMES+= Working factor(10,000) x F44(30) = 300,0000] =

.

Table 2—3 Relation of visual number and working factor

visual number Working factor
1 500,000
10 50,000
25 20,000
50 10,000
100 5,000
200 2,500

2) Rolling ball viscometer(RBV)®
ARG A o] #go 7 ANAEL F ZdA 9% DNA EA7F 2 Yo} -f 59 o

FAEE 5 A5 ARG A (Viscol 610)S Ao] o2 A3 AEE F<Z&(Ball)o]

;

REAA #HoR B ANLE GRADL Ex fold Wow ZAs: 4
=

221 €] (Fossomatic), APF7F2E (Somacount), 202253 (Somascope)5-©]

B
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= 9l W o m A A 7FE 20070

U Al A olm
k milk)e} A2 7| AE

S S5 Fo AANESFE
RS

7} X Avl 8 (Fossomatic)

(1) ¥4

H
2
==
>,
Y
e
o,

(2) ANeF 3 A=

(7h) -+ °F 10 mL

() Alopzn]

@ Dye buffer basic solution (14,500
1 Lol Ethidium bromide 2.5g%

£ 248)

@b 40~50 C= 749 T7/T
t}.

@ Triton X—100 50 mL¥ Fossomatic buffer powder 415 g& 4 L SHFE

A FOCEE R F77F kA B BE

kA3 =2l F F 5 Lo
FRERZIZHE 90Y Ao},
@ 1% Triton X—100 Solution

@ Triton X—100 10 mLE 1 L ZHF5l

(AU} F717F SokA @A B

i

® Working solution(-f-&7]7F 2—35)
2 100 8]A&ke] AFS-ghr)

@ Dye buffer Basic solutionS =&
1 % Triton X—100 10 mL¥}

of ol Aggt.

ofw ol 5 mLE 10 L

@ Cleaning solution :
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1 Lol =< & Triton X—100 1 mL&
7beto] Abgstoh(dEske] x2S oA B,

(3) W
(7}) Fossomatice 15%7F Stand by 3F U3 Zero solution®® A& 3o}
o},

(1}) Prog ¥ Enter keyE AF&3to] Batch ¥ Sample number 3tS sl &=t}.

M

(th) Sampled] AMESF =AHL Auto measureE A5l Ao w =43t}

(&) 971 239 & 2.6 mLeo] Y51 Ethidium bromide dye solution®ll
olg] AMFE7 FME o] vl (Disk)ol] EF FHojA qRAWZE o] &
et €.

||\

(4) 5%

Eavg AAEe ® 2-49) 2& 545 AXw vk

o =5 45
BN &5 300 sample/1A]7F (Fossomatic 300)
S > 10,000,000 cell/mL
e <10 %
A dAn AH A A 0.96 ~ 0.99
QAH(HHEAD) 4 ~ 7 %
ol 2.6 mL
RAELT 30 ~ 40 C
Aol Au| 2,700 sample/10L
Al o A2 500 sample/10L

) Awt72E (Somacount)



(1) ¢¥
L5 =9 MEE FFEAQ Ethidium bromideE GMA|A AdAZS golx HO

2 AAEE 543+ Flow cytometric methodE 0] 823+ #Xo]H, Foss Electric?
FM 500/SAYS 6000 °] o] W& o]&3tr}

(2) Aok B A=
(7h) 5
(4}) Dye stock solution
50 C&2 "¢ 554 100 mLel Ethidium bromide 2.5 g& 33| o] AL&3c}
(U3} F7)7F TokA A W el Bastd Fa7Izke 6090},
(t}) Buffer stock solution

50 TR dl¢ =7 950 mLol| =82 13& 9%

[
o
:?L_'z
>
()
—
—
=
o
=
>
—
(e]
(e]

10 mLE H7teto] 3idlo] aeksl 73-&7]el W¥aarelx 609 Ak Hiaiet
(2}) Working solution
54 8,900 mLell Dye stock solution 100 mLE #7}8laL o] 7]e] Buffer stock
solution 1 LS 4]ojA] €743 &3A]7Ic).
(w}) Carrier fluid (RBS 2 % solution)
# 7] AleFE Aol AxLdRFE °F 355 9A FEF dof do
(3) W
7Ha S °F 4 mLol &% e 4 mLa} AEor Aol ot T3 A

A}, Jag AT dol Al oa) AFow wEH

R e I
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Table 2—5 Specifications of Somacount system

T
A=

300 sample / 1A]ZF (Somacount 300)

0~20,000,000 cell / mL

< 10 %

&8 > 0.96

o < 5%
S + mL
ME2E A2

3 mL / 1 sample

200 mL / 1 sample

A AEe dAFATLH Fxeto] diF 2006 6¥ ~ 12973 S5 57t
A FHE ARE FHOE AAMEF] U7 159 ~ 5537H &4 swEe A
ATl E AEf Add ot BEstE AAET HAPERQ AAE
A8 7] (Somacount, Bently Instrument, USA)E o]&3}lo] AAXESFES SAHSFA T
=49 9F55 F 2-63 o] AA A8 5508 T 2727 (49.5 %)°] 15+, 11578 (20.9
o, 665 (12 %)°] 3=, 443 (8 %)l 45+, 533 (9.6 %)= YEY IF

Aol Af7 BAH I 9SS o = gk
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Table 2—6 Grade of somatic cell count tested

Somatic cell count Number of samples Rate (%)

Grade

< 200,000 272 49.5

1 grade

< 350,000 115 20.9

2 grade

< 500,000 66 12

3 grade

< 750,000 44

4 grade

= 750,000 53 9.6

5 grade

100

550

Total

Al

ol

~H

&+

o

Al
el

Aol M =

o} agEr=z 2

2

A2l

BE

st

Al

or

]

<
Ca)

9

A

m] Ay
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Table 2—7 Somatic cell count for milk condition tested

Somatic cell count Number Ave. Max. Min. Std.

Fresh 73 228,705 1,305,000 15,000 247,132

Raw
Preserved 50 228,705 2,789,000 21,000 554,868

Fresh 49 292,522 298,000 35,000 466,598
Methyl red

Preserved 50 292,522 2,789,000 21,000 554,868

Fresh 49 292,522 298,000 35,000 466,598

Methylene blue
Preserved 50 292,522 2,789,000 21,000 554,368

Fresh 49 292,522 298,000 35,000 466,598

Bromcresol purple
Preserved 50 292,522 2,789,000 21,000 554,868

Fresh 49 253,475 954,000 12,000 266,066

Phenol red
Preserved 45 253,475 1,105,000 9,000 224,085
Fresh 49 253,475 954,000 12,000 266,066

Resazurin
Preserved 45 253,475 1,105,000 9,000 224,085
Fresh 49 292,522 298,000 35,000 466,598

Eosin—Y

Preserved 50 292,522 2,789,000 21,000 554,868

Fresh 49 253,475 954,000 12,000 266,066
Amido black

Preserved 45 253,475 1,105,000 9,000 224,085

nAE, a4 59 WAS A7 $1% ®EA(Broad spectrum micro tabsIl )&
1342 8 mg ¢ Myacide pharma BP ¥ 0.3 mg Natamycin ©] $f-5 o] o ¢
40 mLT 1AAE 2o Asiitt. BEA Agd At AgaA &2 Aol
gk H7bA ok AR The A S GotR Y] flste] 1Y 2-13) o] RS AR
A8 %= Methyl red, Methylene blue, Bromcresol purple, Phenol red, Resazurin®]
AL, ARG M ALEEE Eosin—Y A%, A7]9%F Al @A @ M F2 o] &

=
%= Amido black AleF& Aol H7bsto] 7px g/ A el 999 1de £33
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LA (NIRS 6500, FOSS, Denmark)® 400 ~ 2500 nm 9 HollA 2 n

m
2 At 29y S9e Uf AR Lx 9% JFL Hass

U A 50 %o tlolHE o]&ate] o
el Unscrambler(CAMO, Norway)<]

Milk condition Reductive reagents I—

Raw, Methyl red, Methylene blue, Spectra
. . .

Fresh milk, Preserved milk Bromcresol purple, Phenol red, measurement
Resazurin, Eosin—Y, Amido black T

| Temp. control 40T | | Reaction within 5 min |

Fig. 2—1 Flow chart of experiment method for milk condition.

a9 2-2E BEA AU AF AR Ak Arkdel SHE WAz EYoR

H7bA ool me} 400 ~ 800 nmel 7FAI A el A o] H mola glom, o=

ekl e Aol Alekel Hrbel ela) i AEe] AL WA B X F 9
3

o Ak @A Q6 Ane AMES oS Ael WAL #uH 54 T
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[Re)
o
o

R :Raw
A : Amido black
E : EosinY

no

BP : Bromeresol purple
FR : Phenol red
1 RZ: Resazurin
MB : Methylene blue
MR : Methyl red

n

05 | e

Absorbance, log(1/R)

=
w

=)
=

=
=
=

900 1400 1900 2400 10 il B0
Wavelength, nm

Fig. 2—2 Reflectance spectra of visible/near—infrared spectrum for milk with

reductive reagents.

Afrel Ael 208 AAE7] S8t & 2-837 Zo] BEA A dfeok Aes)
A G2 ol Histe] ¢S Eds JEeisivh PLS RS e Ay AR

|5=7F = yebst=d, oA AAMxs 54 A

4 Aol B0l tha Aolzt 9] wEelM HEAS B

.
I
24
L)
=
o,
o
>,
il
Lo,
o
r o)
R

[e)
o
debEnh B3 AlekS HUFeHA @2 A AREG Aleks HUME AR Adud

[e)
WA OR A sk 2MERL ol @ A5 D A% A AsAe] AL 7}

SAL AA LG BEA A3 A5 A8 Methyl redE H7}sked 400 ~ 600

jn

m Foll A 2SS st A3 wgFE AAATE 0.90, wAGF 2xk= 35,0887,

Methylene blue® 2% 500 ~ 800 nm% ol

2
El
o
-z
o
r <
X
¥
o
oo
L
w
oo
w
oo
)
N
=

Resazurin® 2% 400 ~ 700 nmPI G A A F AAASG 0.98, AZFE 22} 25,314
70, Amido black®] A< 400 ~ 700 nmolA WA AIJAST 0.94, wAFHE o

26,3227 2 =& wH AyE Hola U}
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Table 2—8 PLS results of calibration for each milk condition

Calibration
Somatic cell count
Wavelength N Factor R SEC
Fresh 400~700 45 5 0.51 123,037
Raw
Preserved 400~700 30 3 0.79 334,994
Fresh 400~800 29 11 0.56 110,636
Methyl red
Preserved 400~600 30 16 0.90 35,088
Methylene Fresh 700~900 29 2 0.50 84,847
blue Preserved  500~800 30 13 0.89 38,382
Bromeresol Fresh 600~800 29 3 0.52 87,771
purple Preserved 400~800 30 12 0.82 301,449
Fresh 800~1200 29 4 0.55 78,993
Phenol red
Preserved 400~900 25 13 0.84 29,399
Fresh 900~1200 29 3 0.58 79,311
Resazurin
Preserved 400~700 25 15 0.98 25,314
Fresh 500~700 29 7 0.53 92,368
Eosin—Y
Preserved 400~600 30 14 0.76 56,502
Fresh 900~1100 29 5 0.59 103,861
Amido black
Preserved 400~700 25 11 0.94 26,322

AAAQD AMESFE o= e Vb ofe] whE AgWstE st 400 ~
800 nme] 7RAFA GAelA ApEsidlon nxe] A RE o]gste] HAFI Ay %
2—-99} o] REA AP d YF AlHol Methyl redE H7lste] A5 23 HSH
FRAFE 0.79, ASH 24 122,97870, Methylene blue®] 7
0.80, HZ=XH 22+ 99,7327), Bromcresol purple®] 7

“?,
T Ak 221,43870, Phenol red®] A ATH @A 0.62, ASH A=

o)

213,1407), Resazurin® 724% ASHF FIAS= 0.80, AFHF 2%+ 100,1117,
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5 Edo] ux|o ARE HITo7]e o HoR FHETh, B AFoA = A
Ao g HAHIAA7E 2E2 Bromcresol purple, Phenol red, Eosin—Y A2k k35 A&
oA Aelstl o, ~HAETS o] &3 AMEFT oF R HF& Fo|7] 93]

FHE f AR BEAS Wl

Table 2—9 PLS results of prediction for each milk condition

Prediction
Somatic cell count
N R SEP
Fresh 28 0.30 150,010
Raw
Preserved 20 0.36 422,623
Fresh 20 0.59 91,602
Methyl red
Preserved 20 0.79 122,978
Fresh 20 0.34 115,837
Methylene blue
Preserved 20 0.80 99,732
Fresh 20 0.38 135,761
Bromcresol purple
Preserved 20 0.60 221,438
Fresh 20 0.37 213,451
Phenol red
Preserved 20 0.62 213,140
Fresh 20 0.41 100,317
Resazurin
Preserved 20 0.80 100,111
Fresh 20 0.35 152,753
Eosin—Y
Preserved 20 0.68 157,617
Fresh 20 0.43 105,165
Amido black
Preserved 20 0.81 98,786
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3. A% AALSE 29 A WAk B 20 4Y

gol = MG AAE ddE HAHORE s Ao A A

HOAGAA AAEe] B4 Aol b F& IS vAA dn aRE A
AE A7k mEA A dfe WAt wE A 548 7HE]

sto] 1¥] 2-33 o]l 0+, 5%, 1089 ®ESAIZHS Fo Methyl red, Methylene
blue, Resazurin, Amido black2] A]¢F3} WF-g-3F & 400 ~ 2500 nm2] WHA} A~HEH

& Zqstel ANES A5 452 B

Reductive reagents Ii Omin
—_—
Preserved Methyl red, Methylene blue, Reaction Smin, Spectra
milk T Resazurin, Amido black time 10min | Measurement

| Temp. control 40T |

Fig. 2—3 Flow chart of experiment condition for reaction time with reductive

reagents.

Qe BE AMEFE 0%, 58, 1089 Wg A7kl viake] 22t 75,6587,

Table 2—10 Somatic cell count for each reaction time

Reaction reagent Reaction time Number Ave. Max. Min. Std.
Methyl red, 0 Min. 60 75,658 487,000 10,000 92,765
Methylene blue, .
) 5 Min. 140 743,725 1,749,000 8,000 554,868
Resazurin
Amido black 10 Min. 140 185,216 861,000 18,000 209,629

HES-A|Zbo] w2 7hA| g A/ o) o] A~ ERL TO7 2-49F 7ol 0, 5, 10%
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Table 2—11 PLS results of calibration for each reaction time

Calibration
Somatic cell count
Wavelength N Factor R SEC

Methyl red. 400~800 35 8 0.51 225,685
Methylene blue 500~800 35 9 0.55 122,535

0 Min.
Resazurin 700~1100 35 8 0.68 122,588
Amido black 500~800 35 7 0.76 118,758
Methyl red. 500~800 80 11 0.88 138,887
Methylene blue 400~800 80 14 0.90 129,978

5 Min.
Resazurin 500~800 80 10 0.93 90,304
Amido black 400~700 80 11 0.92 89,611
Methyl red. 400~700 90 13 0.61 252,557
Methylene blue 500~900 90 15 0.64 276,352

10 Min.
Resazurin 400~800 90 11 0.67 233,453
Amido black 400~900 90 14 0.70 244 658

A2 AZ A= 3 2-129 7o) Methyl rede 7

by
ol\

o
292k 170,1127), Methylene blue® A% HASH AT 0.72, HFSHF 23
167,0407, Resazurin®] 72 ASH F#AASG 0.82, AFH S 147,19171, Amido
black®] 74-- HEH F¥AT 0.80, HSF &4 135603742 Nl Rdo] Aol
Hsle] thar W AT AYE BT

Al g9t H7EAI ko] Rk AJZHS 5
Fol7] A e g Aok HA 4

o= weEy,
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Table 2—12 PLS results of prediction for each reaction time

Prediction
Somatic cell count
N R SEP

Methyl red. 35 0.50 285,255
Methylene blue 35 0.52 144,255

0 Min.
Resazurin 35 0.65 135,254
Amido black 35 0.59 157,341
Methyl red. 80 0.72 170,112
Methylene blue 80 0.72 167,040

5 Min.
Resazurin 80 0.82 147,191
Amido black 80 0.80 135,603
Methyl red. 90 0.55 378,422
Methylene blue 90 0.59 344,312

10 Min.
Resazurin 90 0.64 203,334
Amido black 90 0.54 390,181
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1) A =74

7}) Babcock™
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o
Nfo

oF
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2ol S A

=
&

stel the A9} )
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=
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(%)=

1A =58 17.6 mL 93l

[e]
2
Rs

7B

A ZANFHE 17.5 mLe Dippertt 17.5 mLe #3

L4Z(Water bath)

(2}) gute]l (Divider)

("b

fro)

227 (Centrifuge)

Al
=

<

ek 90.05 ~ 92.10 %)

2] AlA

}‘\_]__

(e}

FAH(20 Coll A B]= 1.82~1.830] 1L,

(b A] o :
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(\h NETL Eof 9E NGRS
o Eesoltes Eqd.

(th) 3|4 &%(Rotary motion)o] HEE AIFHAL =

o4 Wojmgit},
Z

b 71gola A 17.5 mLE 283 ¥

2

gratar AAlF oz A7 CurdE A3 &aHA7)

Y
Lo
>

il

offl

lo

r

H Edow wsHs A Fie] UF ga

(Centrifuge)d] iAoz ==t}
(v}) YA EF (Centrifuging) & 5%, 2%, 159 3xe] AA&tE, A 55 3
60 Co 245 Ad32 H(Neck) w5 oFel7hA H7bslar vhr] 28 3+

35 AgSol ke WA HeEws e4E Arsm oA 127 9

() AlFH#S AWA 55 ~ 60 T &% 2 ~ 383 F2th7) Divider=

A5-2] FHsldko| A Meniscus®] #H @74 ejod Aw&S &4 4 )

A

2E 11 mL s ol 0.1 mLE 319 o] a1, 10.9 mL
t} o]Z $#9 Hy HF 1.032%2 Aked 11.25 g (10.9 mL X
1.032 g/ mL) o] Ha1, 60 C ¥4 kel H]FL 0.9 go] ¥==Z 1 mLE 0.9
goll gt

0.9 g x 100 /11.25 g = 8 %
é, X]HJ— 0.125 mL+= “‘?‘%‘9] %X]Hg— 1 %oﬂ /\O],%]__(:Sl_q_
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o) o}

(7}) Gerber & Aol 3AH(H]Z= 1.82 ~ 1.825, £&% 90 ~ 91 %)&

(W) 11 mL
(th) o] 2o}

il

v, AlEs MY

S

o3
T

&

<
(7F) Ak 2 A8 2= 15 ~ 20 C =

(v}) 50 ~ 60 C F&%x0) 158

(2) 79 A

o,
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W AL WA A 27 ol
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=
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=
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(h)

t}) Rose—Gottlieb®™ (vFz1Yo}lH)

oy

5, ARF, BAF, BRF, ARF 5 FAF o= T

Ho
.

B, 7

—_—
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Auppuks. obmole EALA]A
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==
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ZHE oEHdHZ EE A dHER
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(th
(Zh
("b

(vh)

(Ab)

(°b)

(Zb)

(=h)

Rohrig #& : Reiter ¥ %+ Mojonnier ¥

28 % SEUols
/\J O oﬂEﬂ
el H =
95 % NELF

A AZF 250 mL 27 H]A

2

=

Aol o= 25 mLE 7hekar 1
FUZ vA el o3r], qHAAE
2 ~3g < ¥ vtxrYolt AFds (dH=E F
oAl " EH 2, Af oHZ
z2H8 3 ~ 53] WHEE,

o5 oldee =
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(7H) =5 ol Svi{ (Lol e =

(Eh) ZUZ vAE x7]o Ya o] & uj7px] Azt

S aAe] AFHZ(2)
W1 ol =9z vjA F7(g)

Macro%, Semi—micro®, Micro¥ S°| o} o] FolA

semi—micro§ o] €| o] & ).

7}) Semi—micro Kjeldahl™
(1) AleF & A=
(7}) Kjeldahl 33
(1}) Kjeldahl #8)%x]
(th Hy
(2H) 3
(vh) #3225 ~ 50 mL&
G
(AB) N/10 HCl %=+ N/20 H,SO,

oot

P

_92_

F 4 3-13% 2ol

TALE AFT dol= KjeldahlHs o] &8sk o] HEo|H, Kjeldahl™oll+=

Aol

N
)
ot



(}) 40 ~ 50 % NaOH!
(ZH) 4% 2N (boric acid)

(ZF) #3lEFm] @ CuSOs, 5H20 1 goll KusOs 9 g& 4 A

N

rlo

(71 =R A 2k (Brunswick's reagents) methyl red 0.1 g ¥ methylene blue

0.1 g& 200 mL9] o ghgol FHoja] ZAH o] wsi)

(2) ANEeH

AF 0.5 ~ 2 gl ARZA 0.05 ~ 0.2 g AIFH), 5345 ~ 7 mL, Fal&n) oF
2 ~ 3 g9 e F8¢S Kjeldahl 38| FH3tal A 5 ~ 1083 sk B2
A3 7rE st g AR ok A™E3E] sdste] A e FAERSA Hd

Ao BAANZT 4 % SAEY 10 mLE 15 mL AzbEeks=el st A4
E

gojmyl v gztde] Zo] Ak ol 1A
F

[}
w
{
S
s
=

=

il
N
il

2

ﬁ

e

WA (%)= ax 1.4mg(®E0.7005) X 6.38 X Fx 100 1/ W =~ 2 (3-2)
a : N/10 HCl T+ N/20 H2S049] 44 (mL)

F : N/10 HCl B+ N/20 H2S042] <7}

W o Al =25 % (mg)

4

r{u:

3) T
7}) Lane—Eynone
(1) Aok % A=
(7F) Buret @ 50 mL-&

() A7) 3H
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(th) Fehling & A : CuSOs, 5H20 34.639% &A1 A F%Fo] 500 mLe] =7
Eig=
(2}) Fehling &% B : Sodium potassium tartrate(Rochelle 94) 173 g
NaOH 50 g& S H°l &3A7 500 mLo] A
=3
(v}) Methylene blue &<

)

b

(2) Fehling & A°] H7M4 4

A7y Eel 0] Fehling €9 A 10 mLE A3 sl /5 40 mLE 713 &
30 % Z=AF(Acetic acid) 4 mL 2 50 % KI €% 6 mLE 7[3l] FodsE S22 1
% AEAAE xA|ko g7 3l N/10 Sodium thiosulfate o & A3t N/10
sodium thiosulfate 1 mL2 6.354 mge] Tl 3|FFHY, o]o] &3t A 4 100 mL
ol e o FS A= o] 9 4& 174.8 mg®E Uie #2 Fehling &9
Ae] H7t= gt

o 7} = 6.354 X N/10 NaySy Oy Z=W] (mL) < 10 < 1/174.8

(3) @
AR dARFE F 05 g 43S 200 mLE wWaEeaId Ao, FRFE
200 mL¥ Al BA 7ty B2 200 mL& AHZFEekAel Fehlingg<} A 2 B 7} 5
mL, Fehling§ojo] T3 Zet2aE ¥ 7FEste]l #7] Al&std fF2o Ass 4
state] A4 dAgwFe] diFEe vhetal, o] &e Aol 7o &4d4 wrtA 7t
&k ¥ Methylene blue #|A1oF 4W-&-& 7hahal FAje] ¢hds] =4E w7ix] A% 4
At olmje] AHL 3% ol BUESE
ARAAZS G g duads Ak, o] dujadde] o8] Alme] 54
5 A4 k. F, 288 A do] 25 ~ 35 mL HEF IMAHEE -3
F& Lane—Eynone 3 A&FiEol oste] 3AAR 100 mL T #9TF= T3
Fehling8-9} Al 97k w8 ®Agstal 4 (3-3)3 o] A5 100 g Yo F3%F

Tt 7 %= I

8

!
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3 (%)= 21 (3-3)

a: AE 100mL =9 &4k
F : Fehling& 2] A9l &7}
n : 3] Aulj4

W AR AHF(2)

) Bertrand™
(1) AleF 2 A=
(7h) Wit o 34x] 2 Glass filter(15Gs3) : Glass filtere] o #3240l Gooch o I}
718 AHEs FUA
(W) #= 25 ~ 50 mL&
(th) CuSOs+5H0-8H(AY) : CuSOs5H.0 40 g& 70l
2 3o
(&) <284 Rochelle @4 (BY) : Potassium sodium tartrate(Rochelle 9,
C4sHsOsKNa-4H,0) 200 g3} NaOH 150 g
& FHFel =9 1 L7F HA FeH(NaOH
£ WA =50,
(7}) Fe2(S04)s &H(CH) : Fe(S04)sNH:0(n<1) 50 g¥} 534k 200 g& =
o HEFo] 1 L HA st
(B KMnO4&-<}(D) @ KMnOs 5 g& 7=l =9 dg= 1 L2 31, 24
bAoA WA sk Glass filter(3Gs) = o] 9aho] 2
Avlel W Eghr)

i

of d&F

o

1L

(2) KMnOs942] 97}
C204(NH4)2 H20 0.25 g& ZF< 100 mlo] €3A7]2 534 2 mLE 7}sk & 60

~ 70 C2 7}238tal FHOZHE MnOss AAste] nEAo] S et of7]l
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Z8]E KMnOg 9] S a mLEt 3Hd, 7 1 mLE % 0.2238 g/aol 3)@sto),

(3) AAHH
150 ~ 200 mL AFztZet2=0] A& 20 mL(eH Aol 9)&te] 20 ~ 80 mge] 3
Aol FFaA A8E g4t E FHstar, 7)ol CuS049 3} Rochelled S 7Hzt
20 mLA EEWA 7tetar shdske] 3W3E Folar gttt o] uwf AF o] HAE

W BT Fol Woul U A stolol @t AATerad Fo 4

=
ful
=
B
5
o

o] W HHE(Cu0)¢] &719F HAEFHA FA FoetA AA 3 stofof gt} o
2 Fex(S040)»89 oF 20 mLE AZEZgazd 718ta, AHAES Ho A2e 7]
O AqHAs WA SRR AAEEsI 9 AHIE 3] §HEste] A FH st 1 A
Mg ooz 3 thgo] KMnO,d o & A Aste] mA o] 30x7F X &3HA g},
o] AAFgo2RH A8 dAHEF T Cu09 F(mg)S 78] Bertrand F7F A

of olste] 4} (3-4)sh ol FH(mg)e AHETTh

|

Culmg)= VX F 2l (3-4)
V : KMnO4 A A
F : KMnO49%e] A7HKMnO4 1 mLd 3MEHE= CuF(me)]

t}) Chloramin TH
(1) Alef
(7F) Na;WO; & @ NagWO4#2H:0 7 g& 7/ 870 mLell o]al HyPO4(88
%) 0.1 mL, IN-H,SOs 70 mL& 7}gtt}.
(1}) Chloramin T &< : 0.04N(5.7 g/L)
(t}) 0.04N NasS,0; &F
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(2}) 10 % KIg&H

(") 1 % AEH A

(2) AEHH
A& 10 mLE 100 mL #w&E2k2=T0] FHskar 75 25 ml B NayW0,2H,0-8 <4
40 mLE 7tstal £3% o5 SRTE 7Fet] A%S 100 mL= o 2 &35t
o] yatar o]l 10 mLE ArZZekA~=e] HekaL, 10 % KI €% 5 mL 2 chloramin
T &% 20 mLE £33 thg mHE Hof WekaelA 90w3F WA gt thA] 2N ¢
Eia=3

4
MEER ARE 94 23 $UT PPOR wPAPS Paa 9 4 3-5)F

Akl 5 mLE 7Fetar AREA NS A Ao R 0.04N NapS;0,0 o2

o,

FF (%)= 0.0072x (V, — V)< 0.992x 10X 100X 1/ W === 2] (3-5)
Vo @ HFAlE AH|EF(mL)
Voo EAE v (ml)

W AR AH ()

(2) A&l x4
Al °F 5 g8 50 mL wl=EekaTel AYs] A#ste] & 2 smLE 7hste] &ad
t}S- Acetonitrile® 50 mL® Fd3It}h o] A|FE&MS 45 pme Membrane filter=
oA e Ao w g,
(3) Al
(7 HPLC®] &xd=7

@ Column : Zo°] 30 mm, W74 4 mm, u—Bondpak/carbohydrate =& 19} A

R
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33k column
Z7] ¢ RI detector
B4 1 B — Acetonitrile(17 : 83, V/V)

©)
®
@ % : 1.0 mL/min
®
1}
&

of 9 FEE 747 10 uLA FYste] AL A9 Wol T wolE T3

AR A F Ao F s=(ug/ml)E T3ta 4 (3-6)° 28 A5 5

axb 100
A& F(g) ~ 1000

S AEEN T T s%=(ug/mL)

L AR gele] Ae(mL)

2} (3-6)

a

b o 84w
L
7h) g

(1) A9 A=

b A - A7 5 em Wele] 2 AFHoRAM FEAE e EFvE A

=

(W) F21x7]  ARAY] Aoz 10242 T2 24 7Fsd A3} 13542 C
= xd 7t & A

(th) dlA]A o] E] (Desiccator) : Az o] #Aste] WZAZl 4= CaCl, =& P4k

= AxAZ AREE A

2 2% 0.1 mge A

o

(2h) s}et

(2) A1

BASAE 16~20 g R A2 Felgs Pl i dx7|dN el 2 w7t
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Table 3—2 Specifications of Milkoscan system

Jjo

Hr

frod)

0 — 15 %

200, 300, 400 or 500 sample/hr
H

oF
TR

o

N

© 10 — 100 mg/dl
0.5 %

:0.1-0.5 %

- 0.005 %
© 1.0 % (Bulk milk)

gz 69 1.0 % (Bulk milk)

A
A

22
[

A

: 1.0 % (Bulk milk)

: 3.5 mg/dl (Single cow's milk)

} o

Qs

A=)
[CIRL

743

T
s

No

b
o

0

X

0.015 %(Single cow's milk)
> 99 %

A

i

e

A=A E

37 — 42 C

1
o}
B

Zn

pild

G

R

e
il

0

R

0

o)

o]

=

=

Mg AELel o]

HEAld 7] (Milkoscan, FOSS FT6000, Denmark)

Aol

84.01 ~ 89.71 %, AW 2.44 ~ 6.42

=]
-

3-33} o]

%, TTWHAE 2,44 ~ 4.28 %, 9 3.93 ~ 5.24 %,

X
N

s}k
=

-
X

IYFE 10.29 ~ 15.99 % &

=

o
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Table 3—3 Chemical properties of milk tested (N = 200)

Avg. Max. Min. Std.

Moisture(%) 87.19 89.71 84.01 0.36
Fat(%) 4.05 6.42 2.44 0.82
Protein(%) 3.35 4,28 2.44 0.41
Lactose(%) 4.74 5.24 3.93 0.24
TS(%) 12.81 15.99 10.29 0.79

||V
ol
ol
3t
£
2
o
e
o
lo,
rE
Koy
=
lo
e
__)‘4_1"
X
Hel
&
lo
o|\
NS
rlr
N
ok
a0
=
w
Ho
oft
o
=
ot
Mo

o] AW 257 ~ 6.22 %, GMA 256 ~ 4.32 %, ¥F 3.81 ~ 5.08 %
10.56 ~ 15.84 %2] HYE Holal Yt}

Table 3—4 Chemical properties of milk tested (N = 100)
Avg. Max. Min. Std.
Fat(%) 4.12 6.22 2.57 0.80
Protein(%) 3.46 4.32 2.56 0.45
Lactose(%) 4.83 5.08 3.81 0.27
TS(%) 12.71 15.84 10.56 0.74
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AfFrAlE BEA A= AAE
A A e ik AeehA e Aol tE A A ke AR TS dolry] 9

st 19 3—-13F o] AMESF odF Adeol =UE Methyl red, Methylene blue,

¥
||\
ol
>,
ot
&
oft
ne
ot
ok
g
o
fr
4>
Og(:,“
ol
b3t
ui
T
(o

Resazurin, Amido black®] A] % =

A Fde HHOo R TRAFA/AA A dH9e] 1 EFFEAE ol &35k 400
m B WAL 2 ERS S8 oln AR

L2 40 C2 fFA83a, A= 48 223l Unscrambler?] PLSE ©]&

st} zzte] QR zAe] dZ4%S BASAT,

~ 2,500 nm ol 2 n

Milk condition _l Reductive reagents |
. . Spectra
Fresh milk, Preserved milk Raw, Methyl red, Methylene blue, —_ D "
T Resazurin, Eosin—Y, Amido black T measuremen
| Temp. control 40T | ‘ Reaction within 5 min |

Fig. 3—1 Flow chart of experiment method for milk condition.

Aol AHE 21 A48 A8l BEA A dioF AsA @2 el ol
sfo] 7} iAol oS REs st Al A i 3-59F 2] HEA A
= oA 2 Alme BEA A3 Algel Methyl redE #7138 4% 25 1,700
~ 1,800 nmell A F#AATE A= Ao E YEls o AR AdaAGE 242 0959
0.94%2 YEFTE Methylene blue® 7% 1,700 ~ 1,800 nmoll A Aa8A 7 = A
o7 yehgow wAHR HFAASFE 22 0.959F 0.96% YEFTE Resazurin®
Z+7F 1,700 ~ 1,800 nm¢ 1,600 ~ 1,800 nmell Al A#aA7 o= Ao s yehyt

7)
~ 1,900 nm<} 1,700 ~ 1,800 nmolA] Aa#A 7} 9= Ao Ve o

z+ 1,70
WAR ARASFE A7 0,973 0.9602 e} Aue] o Ao nEA Ao
AFe WA LS % 4 ATk EH Ak WAEH e dfAne AuATe
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Table 3—5 PLS results of calibration for each milk condition

Calibration
Fat
Wavelength N Factor R SEC
Fresh 1600~1900 50 5 0.96 0.18
Raw
Preserved 1600~1800 50 5 0.96 0.19
Fresh 1700~1800 50 3 0.95 0.14
Methyl red
Preserved 1700~1800 50 3 0.94 0.20
Fresh 1700~1800 50 3 0.95 0.18
Methylene blue
Preserved 1700~1800 50 3 0.96 0.17
Fresh 1700~1800 50 3 0.96 0.16
Resazurin
Preserved 1600~1800 50 4 0.97 0.14
Fresh 1700~1900 50 4 0.97 0.16
Amido black
Preserved 1700~1800 50 3 0.96 0.15

gl F9 1 3-63 o] BEA AEE A & AlRS BEA A AR
o] Methyl redZ #H7Fs+ 4% 27} 1,500~1,800 nm<} 1,600~1,800 nmell A A7
7b e Aow yeiwew wAY AdATs 474 0963 0972 dERETH
Methylene blue®] 79 27} 1,700~1,800 nm@}t 1,600~1,800 nmell A a4 7} 3l
AR Yo wAR AuAFE 25 0.982 UERgt Resazurin®] H$ 2
F 1,600~1,800 nmol A ZaaA7F = Ao s yepton wAy daAss 247
0.977% 0.98% YERTE. Amido black®] -9 25 1,600~1,800 nmellA] 3347k
A= Aem yepgton wAR FiAsE 47 0973 0.96 0% LERL whulE o] o
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Table 3—6 PLS results of calibration for each milk condition

Calibration
Protein
Wavelength N Factor R SEC
Fresh 1600~1700 50 8 0.98 0.07
Raw

Preserved 1600~1800 50 7 0.97 0.09
Fresh 1500~1800 50 6 0.96 0.04

Methyl red
Preserved 1600~1800 50 6 0.97 0.04
Fresh 1700~1800 50 7 0.98 0.05

Methylene blue

Preserved 1600~1800 50 9 0.98 0.04
Fresh 1600~1800 50 10 0.97 0.06

Resazurin
Preserved 1600~1800 50 9 0.98 0.05
Fresh 1600~1800 50 6 0.97 0.07

Amido black
Preserved 1600~1800 50 8 0.96 0.08

3 A9 # 3-737 Zo] BEA AHElE A &2 Algef BEA A s AR
Methyl redS #7+8 4% 2+2F 1,600 ~ 1,900 nm<}F 1,600 ~ 1,800 nmoll A A3t

7)
A7 de Aoz yElgon wAR GaATE 727 0.849F 0.85= YERRLTH
Methylene blued 2<% 77z} 1,600 ~ 1,700 nm<} 1,600 ~ 1,800 nmol|A] A4 7}

= Ao Yo wAR A#AgE EF 0.862 2 YEFYTE Resazurin® 7

- 25 1,600 ~ 1,800 nmell A A#AAA L A= HoE e om wAgR A
= 247} 0.859} 0.862 YEFSETE Amido blacke] 7%- 25 1,600 ~ 1,800 nmoll A 4
HHATE A= Ao® vepgon wAY ddAFE 47 0.873 0.86 0% YERY
Fo] oF Ao BEA Mo dFS A FES & F Ark Ed Ak UL

s e ARe FASe SRSl 99 S g5 HrpAere] 9%

5

tlo
it
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Table 3—7 PLS results of calibration for each milk condition

Calibration
Lactose
Wavelength N Factor R SEC
Fresh 1700~1800 50 11 0.86 0.08
Raw

Preserved 1600~1800 50 13 0.85 0.10
Fresh 1600~1900 50 14 0.84 0.10

Methyl red
Preserved 1600~1800 50 10 0.85 0.09
Fresh 1600~1700 50 9 0.86 0.09

Methylene blue

Preserved 1600~1800 50 10 0.86 0.09
Fresh 1600~1800 50 11 0.85 0.09

Resazurin
Preserved 1600~1800 50 12 0.86 0.08
Fresh 1600~1800 50 8 0.87 0.08

Amido black
Preserved 1600~1800 50 9 0.86 0.08

00 ~ 1,500 nmol A Z##A 7 = Aoz YElg o

5% YELS ). Resazurin® 4% 242} 800 ~ 1,300 nme}

900 ~ 1,500 nmellAl A#TA7 A= Ao Yeigton wAHY FJaA L= 22

0.94¢} 0.93° % YEFRH. Amido black®] 74-¢-

nmoll A GABAZE e Aow yeigton wAgR FaAla= 2H2F 0.959F 0.96 0%
o]

8
9

AR ARAGFE BT 0,
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Table 3—8 PLS results of calibration for each milk condition

Calibration
Total solids
Wavelength N Factor R SEC
Fresh 800~1300 50 18 0.95 0.09
Raw
Preserved 800~1400 50 11 0.93 0.08
Fresh 900~1300 50 10 0.96 0.09
Methyl red
Preserved 900~1300 50 11 0.94 0.09
Fresh 800~1400 50 12 0.95 0.09
Methylene blue
Preserved 800~1500 50 13 0.95 0.09
Fresh 800~1300 50 13 0.94 0.10
Resazurin
Preserved 900~1500 50 15 0.93 0.09
Fresh 900~1300 50 14 0.95 0.09
Amido black
Preserved 800~1400 50 12 0.96 0.09
Mg wele A2 @ A3 Aol A F 3-99 Qo nEA AT 4 @

|29 BEA A3 A7 ASHE ABAFE Methyl rede] 2% 0.903 0.91,

flo
>

0.959} 0.94% yvehy wAgdsel AR 58 2ol
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Table 3—9 PLS results of prediction for each milk condition

Prediction
Fat
N R SEP
Fresh 50 0.95 0.20
Raw
Preserved 50 0.94 0.21
Fresh 50 0.90 0.29
Methyl red
Preserved 50 0.91 0.31
Fresh 50 0.93 0.23
Methylene blue
Preserved 50 0.92 0.23
Fresh 50 0.94 0.21
Resazurin
Preserved 50 0.94 0.20
Fresh 50 0.95 0.19
Amido black
Preserved 50 0.94 0.20

R
=1
g9 ASH A

0.96, Resazurin® 7

o
°
B fAE FES wolw gt

¥ 3-103} o] HEA AHEE A
A4+ Methyl red® 2% 0.913 0.90, Methylene blue® 7%
0.977} 0.96, Amido black®] ¢ EF 0.952 YE} 7
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Table 3—10 PLS results of prediction for each milk condition

Prediction
Protein
N R SEP
Fresh 50 0.96 0.11
Raw

Preserved 50 0.97 0.09
Fresh 50 0.91 0.10

Methyl red
Preserved 50 0.90 0.12
Fresh 50 0.96 0.06

Methylene blue

Preserved 50 0.96 0.05
Fresh 50 0.97 0.08

Resazurin
Preserved 50 0.96 0.09
Fresh 50 0.95 0.09

Amido black
Preserved 50 0.95 0.09

T3 A5 & 3-117 o] BEA AYE sk &S A5t BEA A A=
|9+ Methyl red®] 3% 0.763} 0.77, Methylene blue®] A% 0.71%
0.69, Resazurin® 4% 0.80% 0.81, Amido black®] % =% 0.812 YEe} wAA

[
o
B ve $7¢ welw Qo] dSnde netel BAFL % 5 9

d
o]
X
O:
[
Y
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Table 3—11 PLS results of prediction for each milk condition

Prediction
Lactose
N R SEP
Fresh 50 0.73 0.10
Raw
Preserved 50 0.71 0.12
Fresh 50 0.76 0.13
Methyl red
Preserved 50 0.77 0.11
Fresh 50 0.71 0.10
Methylene blue
Preserved 50 0.69 0.13
Fresh 50 0.80 0.10
Resazurin
Preserved 50 0.81 0.10
Fresh 50 0.81 0.09
Amido black
Preserved 50 0.81 0.08
TuYPRY A F 3-129 Zo] BEA AuE A F& A5l BEA A3
Algo] AFHE AAAISFE Methyl red®] 49 0.863} 0.87, Methylene blued] 49 &
T 0.89, Resazurin® 4% 0.913 0.92, Amido black®] 7% 0.929} 0.90°. % e}
WAABRG e FEL wola Qo] SEde] neto] ade I 5 g
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50
50
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Fresh
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Fresh
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Fresh
Preserved
Fresh
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Total solids
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Az wEa Ageh BAglel FRAFI} F4}

Table 3—12 PLS results of prediction for each milk condition
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Q)
Methyl red, Methylene blue,

Resazurin, Amido black

Reductive reagents

|

T
| Temp. control 40T |

2.62 ~ 4.33 %, f+3< 3.88 ~ 5.27 %,

Preserved
Fig. 3—2 Flow chart of experiment condition for reaction time with reductive reagents.
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(N = 100)
Std.

2.72
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3.88
10.13
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6.37
4.33
5.27
15.81

Max.

Avg.
4.17
3.58
4.94
12.90

Fat(%)
Protein(%)
Lactose(%)

TS(%)

Table 3—13 Chemical properties of milk tested
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Table 3—14 PLS results of calibration for each reaction time

Calibration
Fat
Wavelength N Factor R SEC
Methyl red 1700~1800 50 8 0.93 0.17
Methylene blue 1700~1800 50 8 0.94 0.16
0 Min.
Resazurin 1600~1800 50 7 0.95 0.15
Amido black 1700~1800 50 8 0.94 0.19
Methyl red 1700~1800 50 7 0.94 0.18
Methylene blue 1700~1800 50 11 0.93 0.17
5 Min.
Resazurin 1600~1800 50 10 0.97 0.16
Amido black 1700~1800 50 8 0.95 0.19
Methyl red 1700~1800 50 8 0.93 0.12
Methylene blue 1700~1800 50 9 0.91 0.17
10 Min.
Resazurin 1600~1800 50 10 0.96 0.16
Amido black 1700~1800 50 8 0.94 0.19
walde)] AR AuASE ® 3-159% ol thRE 2494 dole) 1,600 ~
1,900 nmel A FeeA7} 0 hebton], A sel H7kd Aokl wAgle] W
A7kl 0891 4 0.95 ~ 0.97, 5520 4% 0.95 ~ 0.98, 102! 4 0.95 ~ 0.96°
2 fARSA Ve Aok AE Al wulae] dSyse WAzt 9B WA 2
A% o 4 Ao
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Table 3—15 PLS results of calibration for each reaction time

Calibration
Protein

Wavelength N Factor R SEC
Methyl red 1600~1800 50 11 0.97 0.09
Methylene blue 1600~1800 50 7 0.95 0.09

0 Min.
Resazurin 1600~1800 50 8 0.96 0.07
Amido black 1600~1800 50 9 0.95 0.07
Methyl red 1700~1900 50 10 0.95 0.06
Methylene blue 1600~1800 50 8 0.96 0.06

5 Min.
Resazurin 1700~1900 50 8 0.98 0.04
Amido black 1600~1800 50 8 0.97 0.06
Methyl red 1600~1800 50 9 0.96 0.07
Methylene blue 1700~1900 50 11 0.96 0.09

10 Min.
Resazurin 1700~1900 50 12 0.95 0.08
Amido black 1600~1800 50 10 0.95 0.06

9] 1,600 ~ 1,900
nmol| A FTBAZE A dERon, ARl HIEeE Aleke] @AIgle] RES-ATEe]
5
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Table 3—16 PLS results of calibration for each reaction time

Calibration
Lactose

Wavelength N Factor R SEC
Methyl red 1700~1800 50 10 0.86 0.08
Methylene blue 1700~1800 50 8 0.85 0.10

0 Min.
Resazurin 1700~1800 50 9 0.88 0.10
Amido black 1700~1900 50 11 0.86 0.09
Methyl red 1700~1900 50 12 0.88 0.09
Methylene blue 1600~1900 50 10 0.85 0.08

5 Min.
Resazurin 1600~1900 50 8 0.89 0.08
Amido black 1600~1800 50 9 0.85 0.07
Methyl red 1700~1800 50 10 0.86 0.07
Methylene blue 1700~1800 50 12 0.86 0.09

10 Min.
Resazurin 1700~1900 50 7 0.87 0.08
Amido black 1600~1900 50 7 0.88 0.09
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L

SEC
0.09
0.08
0.09
0.09
0.08
0.08
0.08
0.09
0.09
0.09
0.10
0.09

3] PLS

a7

R
0.94
0.93
0.96
0.95
0.95
0.95
0.94
0.93
0.93
0.94
0.92
0.92

<]

Factor
11
15
18
17
10
10
18
17
16
15
15
17

Calibration

N
50
50
50
50
50
50
50
50
50
50
50
50

Wavelength
900~1400
800~1500
800~1400
900~1300
900~1300
800~1400
800~1300
900~1300
800~1300
900~1400
900~1300
1000~1300

Methyl red
Methylene blue
Resazurin
Amido black
Methyl red
Methylene blue
Resazurin
Amido black
Methyl red
Methylene blue
Resazurin
Amido black

Total Solid

0 Min.
5 Min.
10 Min.

Table 3—17 PLS results of calibration for each reaction time
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Table 3-18 PLS results of prediction for each reaction time

Prediction
Fat

N R SEP
Methyl red 50 0.95 0.21
Methylene blue 50 0.91 0.33

0 Min.
Resazurin 50 0.95 0.20
Amido black 50 0.94 0.19
Methyl red 50 0.94 0.21
Methylene blue 50 0.92 0.31

5 Min.
Resazurin 50 0.96 0.19
Amido black 50 0.93 0.18
Methyl red 50 0.95 0.22
Methylene blue 50 0.94 0.32

10 Min.
Resazurin 50 0.96 0.22
Amido black 50 0.91 0.19

A GEY ARASE E 3-10% gol AfFAR A7 Aol @Al
4 ~ 0.96, 5% 4% 0.94 ~ 0.98, 10&<] 4% 0.92 ~

0.930=2 Yeh WA} A 5 Holal S & o AUtk
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Table 3—19 PLS results of prediction for each reaction time

Prediction
Protein

N R SEP
Methyl red 50 0.94 0.11
Methylene blue 50 0.95 0.10

0 Min.
Resazurin 50 0.96 0.08
Amido black 50 0.95 0.11
Methyl red 50 0.96 0.13
Methylene blue 50 0.95 0.12

5 Min.
Resazurin 50 0.98 0.06
Amido black 50 0.94 0.10
Methyl red 50 0.93 0.19
Methylene blue 50 0.92 0.12

10 Min.
Resazurin 50 0.93 0.10
Amido black 50 0.92 0.18

T 3 3-20% Zo] YfAlmdd HIEsE Al ekl #AIGlo] b

- 74, o}
S A 7Fo] 0F-21 9 0.74 ~ 0.76, 5% H$- 0.75 ~ 0.78, 10¥%<l A5 0.74 ~ 0.76
o}
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Table 3—20 PLS results of prediction for each reaction time

Prediction
Lactose

N R SEP
Methyl red 50 0.74 0.11
Methylene blue 50 0.74 0.12

0 Min.
Resazurin 50 0.76 0.06
Amido black 50 0.76 0.09
Methyl red 50 0.75 0.15
Methylene blue 50 0.77 0.17

5 Min.
Resazurin 50 0.78 0.09
Amido black 50 0.76 0.10
Methyl red 50 0.74 0.12
Methylene blue 50 0.75 0.14

10 Min.
Resazurin 50 0.75 0.07
Amido black 50 0.76 0.10

Zo] AfAlgol H7Hs Al kol TA o]
£ 0.91 ~ 0.96, 5%<¢ A% 0.95 ~ 0.98, 1082 F% 0.93 ~

0.95% el WAATSE FAE FES Hel 9ee & 5 9l
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Table 3—21 PLS results of prediction for each reaction time

Prediction

Total Soild

SEP

0.91 0.13

50

Methyl red

0.17

0.94

50

Methylene blue

0 Min.

0.94 0.15

50

Resazurin

0.96 0.13

50

Amido black

0.95 0.14

50

Methyl red

0.17

0.96

50

Methylene blue

5 Min.

0.98 0.13

50

Resazurin

0.20

0.96

50

Amido black

0.94 0.13

50

Methyl red

0.93 0.18

50

Methylene blue

10 Min.

0.94 0.13

50

Resazurin

0.95 0.15

50

Amido black
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LowkgAloke] EF 2L AMESR] W Qe Fora 54 7
W Aok MRS AT A7 Aok ER L ATl B Aol Fay 54

ety flste] A=A F A gkl o 2006 1249 ~ 20079 1970
TR ANEE FHoR AAEFY W 1w ~ Seu/MA 4 S
W] Alw7E el E3ete] F 200709 ARE FREUT AMEFE A

g stE AAES FAREH A/ EAE 7] (Combifoss,

o

"
o
lo
)
p‘L
£
=

FOSS FT6000, Denmark)Z o]-§-8te] Z4st3lom HAAAEE BEA AL & 5
A ofelzs o] B ujz AHRL ofe]zubre] Yol PG (5 T olshHE n¥
of AREpUuE o5 F 19 o] ANEY 4L $ustel Sf A¥ W

g2 Hassar. nEA A AF ARE Y 4-13 go] 2EES 40 T F

A

b

T Aok HUMeHA @22 df Alae HAE SAS At 95 Y
AR %+ Methyl red, Methylene blue, Resazurin® A7|4% A] whulz e Ao
o] &%= Amido black®] 47} AlekS H7bgk Al FEskdlom H7bsk Aleke]

T 4F 5 mLel Wste] 0.01 %9 T=E 2t=F gl

Select reductive reagents

1 Reductive reagents ! ‘
Fresh milk Preserved milk Raw, Methyl red, Methylene blue .|  Spectra
I Resazurin, Amido black x measurement
|Antiseptic reagentl | Temp. comntrol 40T | Reaction within 5 min

Fig. 4—1 Flow chart of experiment condition for reductive reagents.
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o] WA} ~FEY ] FAS 9l8te] 384719 Horizontal B0l A3FatA A&
A ATk AE AL AE 50 mm, ¥°] 30 mme] A7|Z ¥ £ 3 mm
of FAHoR AEAoH, RAMRE A F 35 mme EFv|EoR AZEATE REA}
gho] wiete S 27 AE 7pEe F WSS Fol7] fte] Ho® =Hdk
Tk WRARES] Folo] wE AR AR FHETF WIEHER AR £ AgE 1
g 3te] WAlgke] o5 1 mm=E Al Zsleit

Table 4—1 Specifications of VIS/NIR spectrometer

Items

Specifications

Wavelength range

400 ~ 2500 nm

Wavelength accuracy

+ 0.3 nm

Wavelength repeatibility

+ 0.015 nm standard deviation

Data interval

+ 2 nm

A Al
WinISI(NIRSystems, USA)E o]

off
-
s

A A2 G
493} 1400 ~ 1600 nm, 1

S|
ax

ot
M

£

ol

71 T b
3l 400 ~ 2500 nmoll A 2 n
2 30 ~ 40 o] 44 A7l

ME
o

&

FN

54 D=

o] 400 ~ 600 nme| 7}A %
oA ol &

3]

Holal
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Fig. 4—3 Flow chart of experiment condition for development of SCC model.
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3l gato] e dttl. b AS AN EF 2 39 H(5.58)0 thik o.ze] W
TEZ AT odE S0 B A Al 0.19] H A= 5.589 gt 0.19] H]
o] 4t 376,88670 that 1.8 %, = 6,75471¢] SAE 9

Table 4—2 Somatic cell count for development of SCC model

Somatic cell count Number Avg. Max. Min. Std.

Raw, Methyl red  (riginal 200 376,886 3,328,000 15,000 362,919
Methylene blue

Resazurin,
Amido black

Log scale 200 5.58 6.52 4.17 0.43

400 ~ 600 nme 7FA1F4 g3} 1400 ~ 1600 nm, 1900 ~ 2100 nm < &0l A
Zkzre] H7b Aokl tiste] oS RS Jidbe Ad % 4-33 o] Aok A E 3
A &2 df-(Raw)E 400 ~ 600 nmol A F&AF7F 0.78, AAF A7} 0.272
Ebttl. Methyl red2 #7138 95 400 ~ 2100 nme] Gl ABAS7} 0.63,

Q271 0.312 el o™ Methylene blueE 718 4% 400 ~ 2100 nme] G
A AAASE7E 0.65, QA7 0.300.2 F 7FA] Aok fis] EF WG AHEE Ho
T3 QY. Resazuring H7FsH 400 ~ 2100 nmoll A A#A 71 0.98, 2217F 0.08
2 7P e AAAAE BT RARAd 99l 400 ~ 600 nmet FA A o
29l 1900 ~ 2100 nm oM ¥ FAPAEZ BHolFa vl Amido black A9
A7H3E % AA 99 400 ~ 2100 nmol A ABAGE 0.99, 237} 0.0472 $-523)
ADTBAS o)™ 400 ~ 600 nme] 7FAFA e Bl 1400 ~ 1600 nm, 1900

2100 nme] +H QA FANAM HE -3 FAdAE wola 3l

J

!
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Table 4—3 PLS results of calibration for development of SCC model

Calibration

Somatic cell count
Wavelength N Factor R SEC(Log) SEC(Original)

400~2100 4 0.55 0.36 24,315
400~600 8 0.78 0.27 18,236
Raw 100
1400~1600 1 0.10 0.43 29,043
1900~2100 1 0.11 0.43 29,043
400~2100 2 0.63 0.31 20,938
400~600 1 0.44 0.36 24,315
Methyl red 100
1400~1600 2 0.51 0.34 22,964
1900~2100 1 0.54 0.33 22,289
400~2100 2 0.65 0.30 20,263
400~600 1 0.45 0.35 23,640
Methylene blue 100
1400~1600 2 0.47 0.35 23,640
1900~2100 1 0.52 0.31 20,938
400~2100 7 0.98 0.08 5,403
400~600 8 0.92 0.17 11,482
Resazurin 100
1400~1600 4 0.85 0.21 14,184
1900~2100 7 0.95 0.13 8,780
400~2100 9 0.99 0.04 2,701
400~600 4 0.87 0.19 12,833
Amido black 100
1400~1600 9 0.91 0.16 10,807
1900~2100 7 0.94 0.13 8,780

ujzje] Alg g o]&sle] /Yy RTdS ASS Ay ¥ 4-49 o] Resazurin

4
Amido black Al ¢S 7138 A-7F 22 o F Z2FE HoFa gor, Als MUt
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a4 ek AR AFHE AWAFE 0.23, AFHF LAE 0452 YERY A ES
52 e AAF W Aok At BRI molFy gk Aoke Bre
A ge dfe me AE A3 400 ~ 600 nmol A FEAFE 0.23, BEE oAb

=
0.45% @& A= AHRE HolF1 t}. Methyl red®t Methylene blueE Z2 A7}

off

b A A Goel A AwRAFE 0.36, 0.472 VERgom AFH 23bE 0.39, 0.37

¢

2 rdo] AMES oFo] oy HoF Yt} Resazuring FA7F3F A$

4—4¢} Zol AA FAAA FHAFIE 0.95, AFH A= 0.1322 5% H59S
Holal 9lom, 1§l 4-5, 4—6, 4=73 o] 400 ~ 600 nm® 1400 ~ 1600 nm, 1900
~ 2100 nm¢] <A FAelA HS A3 FeAF= 247 0.86, 0.83, 0.91, ASH-
QA= 0.21, 0.23, 0.172 FAHLA JdoA ¢ £ HUF AE BoFa g
Amido blacks #H7lsle] Bl AS Ay O™ 4-83 o] AA A AIAAGTE
0.98, ATH A+ 0.092 58 AABAE Boln 7pAFA A 94 o HellA
a9 4-9, 4-10, 4—113 o] A3AS= ZH2F 0.86, 0.89, 0.86, HSH 22k= 0.21

0.18, 0.212 AR T35 HoFa Qv
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Table 4—4 PLS results of prediction for milk condition tested

Prediction
Somatic cell count
N R SEP(Log) SEP(Original)

0.23 0.45 30,394
0.49 0.42 28,368

Raw 98
0.10 0.44 29,719
0.15 0.43 29,043
0.36 0.39 26,341
0.24 0.40 27,017

Methyl red 98
0.27 0.40 27,017
0.21 0.42 28,368
0.47 0.37 24,991
0.36 0.39 26,341

Methylene blue 98
0.34 0.40 27,017
0.34 0.40 27,017
0.95 0.13 8,780
0.86 0.21 14,184

Resazurin 98
0.83 0.23 15,535
0.91 0.17 11,482
0.98 0.09 6,079
0.85 0.21 14,184

Amido black 98
0.89 0.18 12,158
0.86 0.21 14,184
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Fig. 4—5 Prediction of SCC by milk with Resazurin using 400 ~ 600 nm.
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Fig. 4—7 Prediction of SCC by milk with Resazurin using 1900 ~ 2100 nm.
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Fig. 4—9 Prediction of SCC by milk with Amido black using 400 ~ 600 nm.
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Table 5—1 Properties ratio for development of fat, protein, lactose and TS model

Number Avg. Max. Min. Std.

Raw, Methyl red Fat(%) 200 4.04 6.38 2.08 0.82
Methylene blue Protein(%) 200 3.33 4.37 2.35 0.41
Resazurin, Lactose(%) 200 4.68 5.21 3.38 0.24
Amido black TS(%) 200 12.76 1429  9.83 0.75

400 ~ 600 nme 7FA1F4 g3} 1400 ~ 1600 nm, 1900 ~ 2100 nm < & ol A
Zkzke] H7b Aokl tigte] oS RS sfdet Ad Awke] A9 E 5-29F ol A
oF 2] & 8FA 2& Yf(Raw)= 1400 ~ 1600 nmoll A w AR AAA S} 0.97,
AN 227k 0128 HlaA 7bg Sk AAAAE HolFa vk el Methyl

[}
el

-

redE A7}l 400 ~ 2100 nmoll A wFZFE A@AF7F 0.95, nAZFE 227F 0.14%
e TE Methylene blue®] 7% 400 ~ 2100 nmoll A AR AaA5Fe g5 @
217V Z+ZF 0.95, 0.15%2 YEFSTE Resazurin A7F Ao+ 1400 ~ 1600 nmolA oA
BADRAS7E 0.96, AR Q27 0.132.% YET Amido blacks 9ol H7FE
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S A9 400 ~ 2100 nm& 1400 ~ 1600 nmollA AAZFE AAAF7F 25 0.80
WAHR QX7 BF 0.2302 el 7S ggntiE A 400 ~
2100 nm¥} A LA 499 1400 ~ 1600 nmell A Bl FHBAE B
o]
AR
Table 5—2 PLS results of calibration for development of fat model
Calibration
Fat
Wavelength N Factor R SEC
400~2100 8 0.94 0.14
400~600 1 0.41 0.39
Raw 100
1400~1600 7 0.97 0.12
1900~2100 2 0.65 0.31
400~2100 9 0.95 0.14
400~600 2 0.74 0.26
Methyl red 100
1400~1600 8 0.93 0.15
1900~2100 3 0.81 0.22
400~2100 8 0.95 0.15
400~600 2 0.65 0.31
Methylene blue 100
1400~1600 8 0.94 0.14
1900~2100 3 0.72 0.27
400~2100 7 0.92 0.16
400~600 2 0.68 0.29
Resazurin 100
1400~1600 9 0.96 0.13
1900~2100 1 0.83 0.21
400~2100 7 0.80 0.23
400~600 1 0.25 0.42
Amido black 100
1400~1600 6 0.80 0.23
1900~2100 2 0.54 0.35
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Table 5—3 PLS results of calibration for development of protein model

Calibration
Protein

Wavelength N Factor R SEC
400~2100 8 0.95 0.14
400~600 1 0.65 0.31

Raw 100
1400~1600 6 0.99 0.11
1900~2100 2 0.79 0.24
400~2100 9 0.95 0.14
400~600 1 0.66 0.30

Methyl red 100
1400~1600 7 0.94 0.14
1900~2100 3 0.73 0.27
400~2100 8 0.95 0.13
400~600 2 0.80 0.23

Methylene blue 100
1400~1600 7 0.93 0.15
1900~2100 1 0.81 0.22
400~2100 9 0.96 0.13
400~600 2 0.80 0.23

Resazurin 100
1400~1600 8 0.98 0.11
1900~2100 2 0.84 0.21
400~2100 7 0.95 0.14
400~600 1 0.66 0.30

Amido black 100
1400~1600 8 0.93 0.15
1900~2100 2 0.78 0.24

5 o5

FoF AR 9 x47F 242 0.88, 0.18% YEF oW Resazuring 9

o H71ek A% 1400 ~ 1600 nmollA AT AAAS7) 0.88, AR 227F 0.17%
7HA A7 B2 Aoke HVHS A-RT A 52 ARdaAE Be

_‘:r
S 4 = 9t Yol Methyl redE H7F8F 49 400 ~ 2100 nmeolA nAH Aa
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A7F 0.86, wGH 2 27F 0.19= YEFRtTh Methylene blue®] 7-9- 400 ~ 2100nm
A wAGF FHAFTE 400 ~ 2100 nmoll A AR FEAAGF} wAR e xp7F 27}
0.86, 0.20% YER%th Amido blacks #7FS 4% 400 ~ 2100 nm®} 1400 ~
1600 nmol A WA AaAF7E 5 0.85, AR 227} 0.20, 0.212 e 7}
A3 48] 400 ~ 600 nm3F 1900 ~ 2100 nm@ K} AA I 400 ~ 2100
nm¥} 2214 9499 1400 ~ 1600 nmell A ¥ A E& F#ABAE Kol lom,
e AR vE dAA R Aawert 9l ek A Ay B FHY

= 5o ngo] Wad Aoz poHEy,
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o
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Table 5—4 PLS results of calibration for development of lactose model

Calibration
Lactose

Wavelength N Factor R SEC
400~2100 8 0.81 0.22
400~600 1 0.26 0.42

Raw 100
1400~1600 10 0.88 0.18
1900~2100 1 0.45 0.38
400~2100 9 0.86 0.19
400~600 1 0.23 0.42

Methyl red 100
1400~1600 7 0.83 0.21
1900~2100 2 0.52 0.36
400~2100 10 0.86 0.20
400~600 1 0.38 0.39

Methylene blue 100
1400~1600 9 0.85 0.20
1900~2100 1 0.57 0.34
400~2100 8 0.86 0.19
400~600 1 0.44 0.38

Resazurin 100
1400~1600 8 0.88 0.17
1900~2100 2 0.55 0.35
400~2100 7 0.85 0.20
400~600 1 0.31 0.41

Amido black 100
1400~1600 9 0.85 0.21
1900~2100 1 0.49 0.37

L

FUPEY oS5 BAdE bt B Ay ¥ 5-59F o] AFS HIbEA &
2 A 1400 ~ 1600 nmoll A AR AAAS7} 0

wom | Resazurin®] 7 -$- 1400 ~ 1600 nmol| A w35 a7
7F 0.122 vERt 7 7HA A9 g8 BeET Hu A 52 ARdAE Bds ¢
4 At} Methyl redE Yol H7F3F 2% 400 ~ 2100 nm<F 1400 ~ 1600 nmoll A

to
_>|~1_"
X
e
H
=
i
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g7 A7 B 097, wAR a7 Z47F 0.12, 0.130.8 JERsT el
Methylene blueE H7FgH 4% 400 ~ 2100 nmoll A wAF- FaAAGF7E 0.94, wgHF
A7k 0.15% WER% T Amido blacks H7FE 9ol 400 ~ 2100 nmollA L
AR FBAGE 0.94, AR 2A7F 0142 JERGL O AR 24 oA R
AA g9 400 ~ 2100 nmT A A P 1400 ~ 1600 nmollA] Hlw A £

AAAAES Hola Ut}

Table 5—5 PLS results of calibration for development of TS model

Calibration
Total solids

Wavelength N Factor R SEC
400~2100 13 0.92 0.16
400~600 2 0.68 0.29

Raw 100
1400~1600 11 0.98 0.11
1900~2100 2 0.74 0.26
400~2100 10 0.97 0.12
400~600 1 0.69 0.29

Methyl red 100
1400~1600 12 0.97 0.13
1900~2100 2 0.76 0.25
400~2100 12 0.94 0.15
400~600 1 0.81 0.22

Methylene blue 100
1400~1600 11 0.91 0.16
1900~2100 1 0.82 0.22
400~2100 13 0.96 0.13
400~600 2 0.71 0.28

Resazurin 100
1400~1600 12 0.98 0.12
1900~2100 2 0.78 0.24
400~2100 13 0.94 0.14
400~600 1 0.65 0.31

Amido black 100
1400~1600 10 0.92 0.16
1900~2100 2 0.76 0.25
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Table 5—6 PLS results of prediction for fat model

Prediction
Fat

N R SEP
0.91 0.16
0.28 0.41

Raw 100
0.93 0.15
0.53 0.35
0.90 0.17
0.68 0.29

Methyl red 100
0.89 0.18
0.72 0.27
0.91 0.16
0.43 0.38

Methylene blue 100
0.89 0.18
0.66 0.30
0.88 0.18
0.49 0.37

Resazurin 100
0.94 0.14
0.79 0.24
0.76 0.25
0.22 0.42

Amido black 100
0.76 0.26
0.21 0.42
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Fig. 5—1 Prediction of fat by raw milk using 1400 ~ 1600 nm.
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Fig. 5—2 Prediction of fat by milk with Resazurin using 1400 ~ 1600 nm.
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Table 5—=7 PLS results of prediction for protein model

Prediction
Protein

N R SEP
0.91 0.16
0.60 0.33

Raw 100
0.93 0.15
0.73 0.27
0.90 0.17
0.50 0.36

Methyl red 100
0.88 0.18
0.67 0.30
0.89 0.18
0.69 0.29

Methylene blue 100
0.84 0.21
0.75 0.26
0.92 0.16
0.75 0.26

Resazurin 100
0.94 0.14
0.79 0.24
0.87 0.19
0.54 0.35

Amido black 100
0.88 0.18
0.61 0.32
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Fig. 5—3 Prediction of protein by raw milk using 1400 ~ 1600 nm.
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Fig. 5—4 Prediction of protein by milk with Resazurin using 1400 ~ 1600 nm.
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Table 5—8 PLS results of prediction for lactose model

Prediction
Lactose

N R SEP
0.78 0.24
0.11 0.42

Raw 100
0.85 0.20
0.31 0.41
0.79 0.24
0.12 0.42

Methyl red 100
0.77 0.25
0.36 0.40
0.81 0.22
0.29 0.41

Methylene blue 100
0.68 0.29
0.34 0.40
0.57 0.34
0.21 0.42

Resazurin 100
0.86 0.19
0.23 0.42
0.67 0.30
0.12 0.42

Amido black 100
0.67 0.32
0.32 0.41
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Fig. 5—5 Prediction of lactose by raw milk using 1400 ~ 1600 nm.
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Fig. 5—6 Prediction of lactose by milk with Resazurin using 1400 ~ 1600 nm.
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Table 5-9 PLS results of prediction for TS model

Prediction
Total solids

N R SEP
0.89 0.18
0.62 0.32

Raw 100
0.95 0.14
0.67 0.30
0.92 0.16
0.53 0.35

Methyl red 100
0.92 0.18
0.57 0.34
0.91 0.16
0.72 0.27

Methylene blue 100
0.86 0.19
0.69 0.29
0.94 0.14
0.62 0.32

Resazurin 100
0.95 0.13
0.75 0.26
0.90 0.17
0.55 0.35

Amido black 100
0.84 0.21
0.68 0.29
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Fig. 5—7 Prediction of TS by raw milk using 1400 ~ 1600 nm.
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Fig. 5—8 Prediction of TS by milk with Resazurin using 1400 ~ 1600 nm.
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Fig. 6—1 Real time portable quality evaluation system of cow's milk.
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Fig. 6—3 Flow pump for sample supply.

Table 6—1 Specifications of flow pump for sample supply

Items Specification
Supplied voltage DC6 ~ 12V
Flow pump Decelerate ratio 1/100
Flow rate 0.7 ~ 7 mL/min
Tube IDX0OD 02.0 X ¢4.0 mm
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Fig. 6—4 Fan motor for sample mixing.

Table 6—2 Specifications of fan motor for sample mixing

Items Specification
Diameter 50 mm
Fan motor
Speed 1,200 ~ 6,500 rpm
3) 2=Alo A
Afo AEe Lxo neh WSl wgstnz AHEy 24 A £3dE A5

H, 2A FA= #FE 95 SEHL30 ~ 40 C)E 1Hste] =3 A
40 TR FAHEE =2X3A 252 Juoz 3= vHAEnE(PID) AES o
L3t dAAA] ZEFE AFAT. 2EAofo AlEE AR S2AFA =

3 6-33% #Zrh

A}
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e

Fig. 6—5 Thermoelectric(left) and Pt—100 RTD(right).

Table 6—3 Specifications of Thermoelectric and Pt—100 RTD for sample temperature control

Items Specification
Vmax, Imax, A’I‘max 56 V, 5 A, 67 OC
Thermoelectric
Resistance 0.83 ~ 0.91 Q
Operating temperature 0 ~ 300 C

RTD(Pt—100)

Resistance at 0 C 100+0.12 Q

4) PID Al

Aol Wk 71 = Atele] eafell Aste] AlEe] E¥o] YIE AYE FAG
=5 o= d=d Aol dFow, M (Proportional)  Alelek  HlE  AHE
(Proportional—integral) Ao, v] & v & (Proportional—derivative) A o] S Zg3F 7 9]

ohoHlE Ao (P)E 71+ Alsst AA A5 Afele] QAF s A vlE A ol
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S5 e AE AolE e Alojo] BHER AAs) AREIH vl PR All(D)=
At As g vEste] Ao} AEE wt= miE A& vl Alojo] WEE A}

AR A Axe] whed S3E B ooue Mg Ao wWE AEHE
54 % PIY} PD Alele] #ARES AATD = gleh
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Fig. 6—7 Response curve of S—type.
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TS 7PA A B3R E] 0.0095, AT HHFEAE 0.00712 YERG o, 49
A EFEEY 34T BFFEAE 47 0.00949F 0.00722 YERY 7AFA BEE
I A BFEEY AdAde] bdih 9 SAFASY Z Aol §lo] AHAFE
oA AEs7] o= FEF sles & 7 Atk
Table 6—6 Performance of portable and laboratory spectrometer
Std. (Number = 30)
Wavelength Items
Max. Avg. Min.
Portable 0.0151 0.0095 0.0054
350 ~ 1,000 nm
Laboratory 0.0099 0.0071 0.0046
Portable 0.0151 0.0094 0.0054
850 ~ 1,700 nm
Laboratory 0.0098 0.0072 0.0045
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Table 6—7 Specifications of I/O interface and embedded module
Items Specifications
Function Analog in/out, Digital in/out, Counter—timer
I/O interface , ]
Resolution 14 bit(48 kS/s)
module
Input range -10 ~ +10
Microprocessor VIA Luke CoreFusion TM processor
Embedded
I/O Connectors USB, RS—232C, TCP/IP
controller
0S Microsoft windows xp
g, BFgE e AA 2 oA
4 534S A% BY A Y, 4% A 2F 4N 2 ¥ TRez p4E
on], AAAN AFL F 6-83 2ol TAAAT}
Table 6—8 Specifications of portable quality evaluation system
Items Specifications
Lamp Tungsten—halogen
Light source Spectral range 360 ~ 2000 nm
Power 12 VDC / 6.5 watts
Fiber—optics Fiber type Singe fiber, 300 (m diameter
Sample cell & holder Flow cell 1.5 mm pass length
Wavelength 350 ~ 1000 nm
VIS Detector Data interval 0.18 nm
Detector Linear CCD array 3648 pixels
Wavelength 850 ~ 1700 nm
Data interval 1.7 nm
Detector InGaAs linear array 512 pixels
- 167 -
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5
%40 Tobe] €Al (RMSE)E Ma-BAalrh Amel 27 &xi $42 A%
)

2715 aeste] WAARA(4 T), F2(25 C), &F AF(35 C)9] 3FFoz HdAst
gom, 9]7] xE 17 T £5), 22 C(EAW &%), 31 COHd e x)=
wststy 27 AEs skl
L et = Al 2ES o] &3 Al 2E Ao
Aztd Aol Flg FEBE A" IH= 253 S8 d#e ANaew,
A T, 2EACE st 1 e BIFeY. AlReEe 45 £ 6-99 ol
FHEIEEZ £25 2.1 ~ 6.1 mL/min=® WspstH Alg Ao /& Jx22 T35 4
3 Axe &mo] BARC] 4.995 ~ 5.005 mLE FHE] FoFE 1 %olulelA 5
mLe FaFol AFeA AojHa Jes & F Ark EI AkE FEZL I &
Lol #AIGLC] 0.249 ~ 0.253 mL7F w3t on, 1= 19.8 ~ 20.1 : 182 {4
Ho] Alg9 Fge] A4Ad o® AoHa s & F Ud
Table 6—9 Results of volume control
Flow rate 5 mL (milk) 0.25 mL (reaction reagent) Mixed ratio
(mL/min)  Avg.(mL) Std.(mL) Avg.(mL) Std.(mL) (20 © 1)
2.1 4.997 0.0062 0.250 0.0034 20.0 1 1
2.6 4,998 0.0079 0.250 0.0039 20.0 : 1
3.2 4.999 0.0066 0.250 0.0035 20.0 : 1
4.2 4,997 0.0078 0.249 0.0030 20.1 : 1
4.7 5.003 0.0063 0.253 0.0036 19.8 : 1
5.4 4.995 0.0071 0.250 0.0047 20.0 : 1
6.1 5.005 0.0059 0.249 0.0039 20.1 : 1
E 6-102 AFE N2"Y AR EF 45 Brbste] 71F Wt vasts] 9
Mg A gHE 5 mL¥ AJeF 0.25 mLE FEoz 50 4= ¥W, A& A}
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Table 6—10 Results of color differences with different mixing methods

Color difference( A E)

Mixing method F—value
Avg. Std. LSD
(Pr>F)
With manual 0.20 0.13 a
Without fan control 8.77 5.40 b
With fan speed of 2,150 rpm 14.11 4.93 C
12.16
With fan speed of 2,870 rpm 10.60 3.72
(<.0001)
With fan speed of 3,580 rpm 7.93 2.85 b
With fan speed of 4,300 rpm 0.75 0.15 a
With fan speed of 5,020 rpm 0.74 0.14 a
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Table 6—11 Results of temperature control tests of preprocessor

Ambient Mixture temperature
temperature Factor 4 C 25 C 35 C
17 T Setting time(min) 11.5 11.0 9.5
RMSE(TC) 0.24 0.06 0.08
- Setting time(min) 10.5 9.0 7.5
RMSE(TC) 0.31 0.10 0.01
al T Setting time(min) 6.5 5.5 5.0
RMSE(TC) 0.28 0.15 0.06
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Table 7—2 PLS result of calibration for each spectrum measurement

Calibration Prediction
Wavelength
Factor R SEC R SEP
0.13 0.17
Laboratory 400~600 8 0.93
(8,375) (10,863)
SCC
0.18 0.21
Portable 400~700 8 0.91 0.85
(10,961) (13,111)
Laboratory 1,300~1,500 7 0.99 0.08 0.96 0.38
Fat(%)
Portable 1,200~1,500 8 0.98 0.11 0.95 0.45
Laboratory 1,400~1,700 8 0.98 0.10 0.96 0.16
Protein(%)
Portable 1,400~1,600 7 0.95 0.19 0.92 0.23
Laboratory 1,200~1,700 9 0.93 0.16 0.91 0.19
Lactose(%)
Portable 1,300~1,600 10 0.90 0.18 0.86 0.33
Laboratory 1,300~1,500 11 0.99 0.09 0.97 0.27
TS(%)
Portable 1,300~1,500 10 0.96 0.23 0.92 0.38
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Fig. 7—2 Prediction of SCC by milk with Resazurin using 400 ~ 700 nm.
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Fig. 7—3 Prediction of fat by milk with Resazurin using 1200 ~ 1500 nm.
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Fig. 7—5 Prediction of lactose by milk with Resazurin using 1300 ~ 1600 nm.
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