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ABSTRACT

Bacterial contamination in raw milk causes deterioration of raw milk which leads
to poor quality of dairy products and also affect the price of raw milk. Presently,
conventional microbiclogical method faces a time consuming problem which need 48
hours or more to obtain the results. This research was to study the method development
for determining total bacterial count ( TBC) in raw milk using near infrared ( NIR)
spectroscopy. The study was divided into 2 experiments; the first experiment was to study
the effect of pathlength on the TBC prediction efficiency. The NIR spectra of raw milk
samples were scanned by NIR spectroscopy in transflectance mode with optical
pathlength of 0.1 and 1.0 mim. The calibration models were preformed using partial least
square (PLS) regression. The PLS results of 0.1 mm pathlength provided better calibration
results, with correlation coefficient (R) of 0.88 and root square error of cross validation
(SECV) of 0.34 log CFU/mI. The second experiment was to study effect of bacterial activity
on the TBC prediction efficiency. In order to study effect of milk concentration and curing
time of milk samples on the TBC prediction efficiency, raw milk samples were added into
culture broth with ratio of 10%, 25% and 50% milk and then were incubated at 32 C° for
30, 60, 90 and 120 minutes. The PLS results obtained from 10% and 25% milk samples

were superior than those obtained from the 100% and 50% milk samples, with standard



error of prediction (SEP) of 0.34 and 0.37 log CFU/ml, respectively. The best calibration
result were obtained from the 25% milk samples incubated for 90 minutes with R of 0.90
and SEP of 0.18 log CFU/ml. The results indicated that spectral data of diluted milk in
culture broth could improve the prediction efficiency of TBC in raw milk using NIR

spectroscopy.



#1515y

I IVIM N oottt
AN TBNTOU et
ARHAMHITBINVTIVE . coovorrrnrerssssssssssessssssnes s sessessss s srssssessss
POULURAUBIITHAREL ..ot reeenssrsssnssseessesssas e seesesecesinsscassansnsnsaneas

- auuﬁgmmmmuﬁé’ﬂ ............................................................................

N
)
>
=R
5
of)
=
2
ee
o
=
)
ol
§D..
'
m
o
=2
©
o

LT A TGV by SR S S S I, -

NIRTIARLANININTUNTARL

-ﬁ” il = =
LIALLANLTULRZNITLRITY wiuln

ey -t o =
viauuana v lpay

& d" = = Oy =
anvgnnhadeuseadauuaiizaluinuiadu

dp =l = n"
N1IATIRADULTDLLU AnLTe i

mAatAEle AU AN TATATMT e

3 A8aiiueuias

satrauniafy

ar d" = =i 4 J’ = £ 73 ol
nIRMAdmENInmaLLAN L?ﬂﬂuLﬁﬂu'LumuuTﬂmu ALITHINTF .

n13ATRAdUAEIMALA NIRS

sANEIN 1 .

= =
NITANEIN 2

nraunudatwMoudaiiaiduissataznnsiameideys.. . ... ..

w W W

~N g A~ b s

14
19
23
26

44
44
44
47
49
51
51



#1910y (AB)

=
unn U
4 HANSIRELAZANUTVEHRNTITIREL co.oveeeverrceeseeseees et sesieees 55
PSP T sccsscessssssssmssrsmvassemmsmmmmessomasmssmeessenssbeEH S AT RGBS s revton 55
P ok U ——— 61
R T Y O e R 71
ATURAN TR .ocoeeovssieiecnnssssnesssrsr s e 71
TN 1 T O, Sttt | . 8, N 71
LISTOUNMIIE N, .ot sresbonssessssssmsmsn s bbb s sn s R 72
PO TT/A0 . L R S\ U S 80



B394

BN

o ~N o O

10

11

12

13

14

15

ANTUYAI5

AL TN LN ATI TR TUN AR oo ieniniens
NITRNUTAAATBIT VAN NTTUBBIIVHALL o+ sessseesseessssneeens
Generation times Aaad@auuaizanlunialfianinzimnzan (optimum

condition) AUNYTMATEUBILITEL ...
dy =l ﬂ‘l = o &
FAULANE I I U UBZERAITUTIUR o+ e see e ivesesessesseeseaesesessnse s
EUTINNTHANTEUIAT R IBZ R oeeeteeeseee e ee e e se et e s e enasasssssns s
NEUTANIAANTUNAT RPD.cocovrveiris et
s limaiia NIRS TunismsaaaninmmihuALLaskan LY

- oer Aﬂ' v =Y dy =) =1

se9nAdanldmaiia NIRS Tun1snsaasuiiaqauyiaed lugnanunasy

A TUAE AR TN IINNTIIEIRIT e+ veee oo ereteee s s s saeie e

k7 9 $ 7

fayannadsaniunndenuaiiGaludlevlniunlagiuainns

= ey e = =

WATIENAWITNIATTIU (MTANEN 1)ttt
v -y dly = = & OD =S
fayannatnsenFunaugeuuaidalwiewluihunladuainns

= P =2 |

NATIZUAWIBNINT U (NGANEIN 2)L. A o Mol e L.

/s D0 % Wi &

HRATNNNTALATI AT A8AE PLSR aavtFunnudanuanEs lufqagnaiiuu

(100%) NHINAUES Pathlength ARV ..o.ovvevrreeee e ieraeesasesons

G e’ el dv = = ar 1 0’, A:il

HAAINNNIILAINZIH8AS PLSR 1asiiunandauuaniEa lusiaenainuun

Lot i I A ————

17 L4

HRANNNIIATIIReAE PLSR 989 Funaidauuanga lusaegetiiun

1/ S T gL T RO ——
HAAINNITALATIZIAN8RS PLSR 2891 5unnuidanyaiitre ludaetnatinu

955 TounIE NI R L s e r e
HAYINNI9ILATIZIEN87T PLSR 10913unnuldausuaiise lusaatnainug

50% TEHTIRNLHANT oo srissese s

14

17

35

35

37

42

57

57

59

64

66

67

68



#19110Un1579 (AD)

A15149 Tavel

16 pansRAusENALLUATIaRaNNAAIN NIRS LAZANAINNNTILATIEN
fine Aumsg el Alliuim Pathlength 0.1 iadINAST ?1
L NN T A B NBITH oo evese s enssn s een 82
v
17 wan1snamnsFuinuuafGanantanann NIRS LazA1RINN1TAATITT
v acl a N 5 —— oF
fine Aamsgugasinun AR Niaua Pathlength 0.1 HaRMAT 7

UFUUAALINATUAIEAT first AEAVALIVE. ... . eeeeieceeveeeieaeesiaeseesssesesesenns 83

=

18 manisvauiaiuinuuafFaiauaann NIRS wazA191Nn19IlAIe

=i

k74 =i Oy = dlql =ooa

fiae ABunmsguneniunlaRy Ml Pathlength 0.1 HAAAT

S gnmFuA98aS second derivative. ............oceecereeseassesseneeces 84
19 mantsnaunaBuaUAT FaianuAaIn NIRS LaZANAINNITILATIEN

fae ARunmsgugeninmlafy dawe Pathlength 0.1 RaAAT 7

U UAIGL N ATUAVEIT MSC oo eteeeevenanastensrasssnsnese s 85

50 manisnanisBuanuAT Bavianuaan NIRS LAZANAINNITILATIEH

L4

1
=

finel ATnmsgneatiniinGu Alna Pathlength 0.1 SaGinms

UL UALAINATUEILAT SNV, coeeosseeeeeceeese e eeeenesssessssssessesees 86
21 uamiﬁqmﬂﬁmmumﬁGaﬁ%mmmn NIRS WazAIINN15ILATIZY
Ea’aﬂﬁ%'mmgﬁummﬁ’muimau ffaunn Pathlength 0.1 HARLNAT il

U5uusaalnmsufngas first derivative $ANNL MSC..vvveeecceeveeeennes 87

Sen

29 panIAIuIEUINILUATEEYaMNAAIN NIRS LAZAIRINNITIATIY

=k

ﬁmﬁ%‘mma‘gmmm%uu‘tmﬁu fifloun Pathlength 0.1 Ha@wAs

UFuudeanafuRaeis first derivative S9N SNV 88
23 nanItn oI nLUARFETaRNAAN NIRS LaTA1AINNITALATIZA

ﬁqaﬁ%mmgmmm{mﬂﬂﬁu fitliunn Pathlength 1.0 fiadums 7

3NN TU S LI AR NPT U oot 89



#&151tuR158 (a)

A1974

Han IR ust By LU AT FERaMaAaIn NIRS LaZANRINNNTIATIER

24
o aa o P a a =
mmﬁmmg'\ummmuuiﬁmu niauA Pathlength 1.0 HAALNAT V1

Usuussanlnm3umneds first derivative

o = = :: 1 = &
HAN1INIUE U MUUANTENINUAAIN NIRS LAZAIRINNNTIATIZN

25
v  ad " N i a o u
ﬂQﬂQﬁu']ﬂ?gqu‘ﬂﬂququNIﬂﬂU nuaum Pathlength 1.0 UAALHAT N

UFuussanlnasufaeas second derivative
3 = = 3 1 =
Nﬂn"]?ﬂ'\u’\ﬂﬁu']muuﬂ‘ﬂLﬁ‘ﬂVNﬁﬁJﬂqqﬂ NIRS LLa:ﬁﬂﬁmﬂn’}‘j‘Qm‘i"\:

=0

=

26
7 e oy - eici =
ﬂ'JEIQﬁN'WI?E']uﬂIﬂQu’IHNIﬂﬂU Ny Pathlength 1.0 HaaluAs

suusalnainfaeds MSC

$ 5
27 panIuIg B MLUARFERIMNARIN NIRS LATA1RINNITIATIER
- v 5 i \ & '
fneAnunnsguestinnlagyu Aflauna Pathlength 1.0 HadLNAT #

......................................................... 93

USuusaulnaiumeeds SNV
o = = o’: 1 = L's
nan1snIutelEua AN Fanaunaain NIRS LaLA13INNITLATIEN

28
FngAtumssuseninulafiy idawia Pathlength 1.0 Hadns 7

USunsealnniudiaeng first derivative $910U MSC

Han1sTauneF N nuu AR Faaniaann NIRS LAZANRINNITIATIZN

29
» ad & o ) ehad o -
m')ﬂ’}ﬁuﬂﬁl‘ig’lu‘ﬂ‘ﬂduﬂuﬂﬂﬂu nuunea Pathlength 1.0 HRALUAT N

USuuseailnmindaeas first derivative 321 SNV

30 wanstausBuInLLARFaiaraann NIRS LazA1R1InNITiATet

faeRsumsgsasihuniafu lungu Calibration

v
31 panInawgFuuLANFaRIuLAaIn NIRS LAZAIAINNITILATIEN

fagAtunmeguzeaihuniaay lungu Validation
nantaRu EBH L AR G avaniaaIn NIRS WALA1AINN1SILATIER

32
fatdBumsgauseninun 10% svaziaaity 30 und lungs

Calibration



AT

33

34

35

36

37

38

39

40

#151A15N (Aa)

Han IR BTN RUATIGEanIAAIN NIRS BAZA1AINN1IAATIEN
FotABuansgIuaainun 10% svaziaaitin 30 wiii lungu
VAlIAAHON. ...t
o o n’/’ U = L3

HANIINIUIELFNUUUATFERINNAAIN NIRS WALANAINNITILATIZY
KoadBuansguaenitug 10% svaziaaitia 60 Wi lungu
el g (10])) 8 SR | omeropreryy SN N ) R N RSP TE

v

nan s FinauuAnGananinain NIRS LazA1RINNITIATIEN
KoedBunsguaeainug 10% svaziaantin 60 Wikl lungu
T B0 aWer - e ca SN GG S NRRmeR— W ¥ S 1 RS

nan s nuuAFeianuAR N NIRS 4aTA19IANITALATIET
KoedBuansgiuaaiiug 10% sxazinantiy 90 wril lundg
CaliDration. ..ot

v
nanIsnnoFuLuATFaianuaaIn NIRS LazA19INNI93LATIEN
s

FaeAananIgInIaiiun 10% sraziaaitin 90 Wi lungy
VAlIBANON, .. S 0. 55 s o ii st B die P oigfesases f Hotevifo sl veenseenes

o = = ni.l’ 1 ~ e
nanIsnIEFuILuAN Favianunain NIRS LasAAINN1TILATIZN
KaudBunsgauaeatinum 10% sraziaanty 120 urdi lungx
(0711161 7=1 116 1 FHRTT OO e P PP PSRN

o = A 3 1 = &

HanN1IRIUEFINUULANEERIMEARIN NIRS LAZAIAINNITIATIEN
KaudBunsgauzeatinum 10% srazioandu 120 i lungs
VAlIAAHON. .. e cvieee et

o = = 3 ¥ = e
pan snIgBinauuAnFananuaan NIRS LALA1AINNITUATIEN
FoedFuansgruranitug 25% svaziaanin 30w lungu

Ao\ [ 2 1115 | 2 (U e L

29

100

101

102

103

104

105



BTN

41

42

43

44

45

46

47

48

#19UUM5 (F1)

AN e RN AT G EaLAan NIRS wazA1annsiiaTziiag
ﬁﬁmmgﬁuﬂmﬂyﬂuu 25% frazinanly 30 uah lungu
AV =1 [Ta F= 1(10) 4 T R YURERERR PO
uanﬁﬁﬂmmﬁ‘mmumﬁﬁ“ﬂv{auummn NIRS WALAIRINNNTILATIZUADE
E%uﬂmigqummtiwuu 25% sreziaanlu 60 w1h lunga
@7 (1621110 7 M B e S B N R T URRRRSR
Nam?ﬁqmmﬁmmmﬂﬁﬁﬂﬁ%uummn NIRS UAaZANRINNISAATIZIRE
3'%34'\&1?3114»11@@15‘1143.1 25% srarinanlu 60 Uah lungu
Validation. . AR~ S o0 & e vees caiibiissassivssoRosouig st ol coee
pan s FulnuuAREaeiaaIn NIRS LazA1AINN1I9ATIEAYE
3%34“1&1?3'1um@~11§'1uu 25% szariaatdu 90 uah lungu
CaliD A0 . oo ueeriuseesessaesnnssssrnssosentannsnsasnassssegssdssssionsssansnsivenpssnnbisanssans
Namiﬁﬁmmﬁmmuuﬂﬁf‘i‘mﬁemummﬂ NIRS UAZANRNNNNTAATIZIAE
ﬁ'ﬁmma‘gﬂummﬁmu 25% srazinatdn 90 wad lungu
iz 1 B TiT0 iy, s e SO~y W, - SN AP N\ o7 7 T SRR

=

mam?ﬁﬁmﬂﬁmmwﬂ“ﬁmm{mmmn NIRS WazAIRINNIIIATIZRQE]
?J%‘ZJ’IF]??HH]@QJ')HM 25% sraziaantin 120 unh lungu
(0721110 £=111e) 1 FRUTRU TR TSROSO T —
LanTng BnnuuATiZevanuaann NIRS wazAaannisiiaszifos
3%’11'\61?3’114%&1{'11411 25% srazinaidu 120 wad lungu
AN 2216 7= 10 o P TP S PPPPRFFPPPD
Lan v BT REaLAaNN NIRS wasannniiiasziion
?z"’ﬁmma‘gﬂummﬁﬂuu 25% sraziaa1du 30 uah lungs

CANTEIBEL . .. iosio v T s o SH ST T v SR R %A 5 SN KPS RS TR £

107

111

112

113



M99

49

50

51

52

53

54

55

#&15U UM (AR)

mamiﬁﬂmmﬁfmmuuaﬁﬁﬂﬁ?\mumf-‘nﬂ NIRS UaLANAINN1IILATIER
ﬁfmf‘fﬁ'mmﬁﬁmmﬂu{mu 50% sraviaanty 30 uah lungu

AN 2 ITe 1= L] ) s TR RO P P e SR L
uamiﬁﬁmmﬁmmuuﬂﬁﬁ‘ﬂ?fwummn NIRS WAZAIRINN1TIATIER
*ﬁiqaf‘i%mmg'mmmiiﬂuu 50% syaziaantiy 60 uah lungu
CalIDFAtIONL. . L e oscssastioseserssiseners Fomtnggenssesh et Iiscsse fage e sassansnsavesses
Nﬂma‘ﬁqmﬂﬁmmuuﬂﬁﬁ‘ﬁﬁ”mmmn NIRS uazA1aINN1T3tATzi
ﬁqﬁ%mmgwumﬂqtfﬂuu 50% sreizi0an1in 60 uai lungy
NEATIATION. ol v et srrassserntchsy srems s eddipns - svsessnsnsanssisinssfessesss foseipeieenoes
mam?ﬁ'}mmﬁ?mmuuﬂﬁﬁﬂﬁmum'\n NIRS UATA1AINNITIATIEN
ﬁwf‘i%mmgmmmgﬂuu 50% s8ziaan1in 90 uah lungy
Calralionl. ... beeeiseve ossadeeisesspumishons Spamsstesos fradhonadifs oo e spanfe fpiacgpegaeens
uamaﬁqmaﬁmmunﬂﬁﬁﬂﬁaﬂum@ﬁﬂ NIRS HALA1AINNTILATIZE
ﬁaﬁ%mmgmmmﬁmu 50% sraziaantiy 90 uail lungs
V751 116 1= 1 ([0, £ TRUEURR A pppre s e ST S LE L
uamsﬁﬁmmﬁ‘mmuuﬂﬁfﬁ‘ﬂﬁwummn NIRS UWAZAIRINNNTIATIEN
ﬁwﬁ%’mmgmmmﬁfmu 50% sraziaaniy 120 uah lungy
CaliDTAtION. ... s tsseaescsioreanasnssnssssansssssssssesnasitess sonsanssssstssnsssnsssensssnesanes e
uamﬁfﬁﬂmmﬁumumﬁﬁaﬂ%ummn NIRS UATA1IAINNITIATIEA
ﬁaﬂﬁﬁmma‘gmﬁjmiﬂm 50% szoziaaty 120 uahl lungs

V20 [Te I 1o ¢ TV RO oo T SRR S R L L

115

116

174

118

119

120



ANFUUNN

N e
1 I NN IR UTATBIUTOULATITE . .oveeereeeeserecriensissemsesssenss s 12
5 A NATHUBIAAUUAIRUNTUTO . cocveerrrrrres e 26

3 guinafunisganduuds NIR 9e9d1a damdes wazasdlsznoumaail 28

R TR P
T e I S AT A C——— 28
5  anuuznaRAUGTTEN189F0HNILINAY NIR oo 29
R Oy et P T | U N, N 46
7 NIR aluminum reflector ﬁ‘ﬁﬁ?:ﬂz Optical pathlength 71u1% 0.1 waz 1.0

AT L P S e DRI, Ve | 9 € W 48
8 Lﬂ"’;m FT-Near Infrared SPECIrOSCOPY....uiiirreiriritrirrnriiisste st ssaeeees 48
9 IARLIIINIBLN ﬁmﬁ Pathlength 21417 0.1 LAz 1.0 HARNAT. .....cvovvee. 50
10 ﬁaﬂﬁqqﬁ’ﬂuuiﬂﬁuﬁmﬁqaLﬂ%a NIRE S e\ oo Bt gl -+ 50
11 n'ﬁ‘m’%f‘ﬂuﬁqmmﬁlmuNﬂua'\mﬂﬁymﬁyﬂmﬁmm ................................... 53

12 RNV TR EQTTOMAY ..ot crrresrocssne 53
13 fethaiuAusse s Bodesiiaman inlugnnauaNg M 7

RUNAT 32 £ 0.5 BIANTATUR. .occrsvvrrsiven s 54
14 c&Lﬂnm”umsré‘]mn'ﬁutmwmﬁ'fmshmi"\uu‘[ﬂau iladndiag Pathlength 0.1

LAY 1.0 TARAT TATARY 12000 - 4000 CM™..oco e 58

1
=]

15 anuduiugraaiunnuuaiGaluriuladu Aflsun Pathlength 0.1
fiaAwar THRNNAEN1TAIIAEELINNIAATIANEUATATNI NIRS el
nsUSUAsgInAFuA22AT first derivative $2UAL SNV....oocenens 60

16 mmd’uﬁ’uﬁmmiﬁmmmﬂﬁﬁﬂluﬁmﬂﬂﬁu Fiflaunn Pathlength 1.0
. ol

v ol o A ad -
HAALUAT VILﬂ"}"lﬂ']ﬁﬂq?m?qﬁ‘}ﬁﬂu‘ﬂqﬁ“]‘ﬂ‘ﬂ')')?lﬂ']uﬁﬁ'lﬁﬂq\? NIRS 1

piunFUFULAIBLINATHFIEAT first deriVative......c.wereecereeeesreerinee 60



NN

17

18

19

20

21

22

23

24

25

26

A5UUNN (AD)

mﬂnm%’umi@,ﬂnﬁuuawmﬁqaﬂﬂqiﬂumﬁizﬁUﬂQﬂuL%u%}usmq fias
AL 12000 — 4000 G revsrsoesersses oot
pondinusraBunanafieluinm 25% sraziaaniy 90 Wi 1
ANNARNIAFIAABLUNNAATIINEMATABNW NIRS ..o
Regression coefficients mmﬁ‘i’wzimfﬂuu 25% LA 90 W........
mfnuﬁuﬁuﬁmﬂuﬁmmwﬂﬁGﬂ’ludWNIﬂﬁU fizlauna Pathlength 0.1
fiaawns HaNnAENIATIAgaLNNAATIANENLAZATN 1A NIRS i
N TUFUUSAIINATU .ot

H2u7A Pathlength 0.1

=bh.

anuduriugaasBunuuaiieluinuniatu
faawns 1EannannInsadeLINIRaTaine1uaziana NIRS filhu
A9 UL A NATUEEAT first dEriVALVE........oervviss v

o ar [ 3

aonuduiugresFuanuuaitelmiuiafuiiiawia Pathlength 0.1
SR 1§anTEn1InmAReUINIIAATIANENUAATNN NIRS il
915 UUASANAZUANEAT second deriVative. ...

5 Suard = e o 2 o

A uduRusresBurnuuaieluinuiafuniauin Pathlength 0.1
s e 4 e = e = dl ]
fiaaumns 1EANAENITNMABLNIRRTIINGIUAZIIN NIRS Nt
ANFUSLIUARIUNATUEIEAT MSC...ovrorveeerseeereecsesamminrssessssssssssssssissss

AnudnuSeuRanuuaiGalutihuslafuiiiawe Pathlength 0.1
a o > e = = ‘J ]
Siadns 1HANNIANNINIIARELNNIATAINEUATIENN NIRS MHu
AIUFUUAANATUHIEAT SNV....oooerevrcsimmersrsnss s

annnduiussanfuauuaiidelniualafuniiawn Pathlength 0.1
Sadiins TEANARNIATINEELNNIAATIINENUAZIENNG NIRS Dru
nslFuusglnasufonds first derivative $ANAL MSC.uverrvinseissnss

anuduusreaBuauaidelminunlaiy fillauina Pathlength 1.0

= e Wy =y = ] «:il ]
HARLURAT Lﬂ'ﬁ’\ﬂ’]ﬁﬂ"l?ﬂ'i’)“lﬂ@U‘P’I’N"‘lﬂ‘ﬁ’]'}‘ﬂﬂ’]LLﬂ’J’Jﬁ'ﬂ'I-& NIRS 1#nu

AU FLUABLINRATH. oo

62

69

70

122

122

123

123

124

124



NN

27

28

29

30

31

32

33

34

35

36

A9 N (Aa)

m’mﬁuﬁuﬁ‘nmlﬁmmunﬂﬁﬁﬂiuﬁﬂuuiﬂ?\uﬁﬁmmm Pathlength 1.0
fiaawns 1Han3annImsaasaunnqadininguasisnia NIRS i
msUunsednAFLAEAT second derivative........cveeecceiierienenens

r»muﬁuﬁ'uf?ﬂmﬁmmumﬁﬁﬂluﬁﬂum‘[ﬂﬁuﬁﬁmmm Pathlength 1.0
fiaawms [Han3an1mInagaLmeaaTaineuasianie NIRS iy
NFUFLILASALLINATUHLAT MSCorerroreerereseceseeesesssssisesa s

mqud’uﬁuﬁ'ﬂlmlﬁmgumﬂﬁﬁﬁiuifﬁuuiﬂﬁu fitlunn Pathlength 1.0
Haang 1HanasnImmadeunnagadainguaziinie NIRS i
MU LAALINATURIEAT SNV..rveee e eississs s

mmﬁ’uﬁ’uﬁmuﬁmmuuﬂﬁﬁ‘ﬂ'lmi’muiﬂ #iflaunm Pathlength 1.0
fadiuns 1HANaN1INIIARUINNIRATIANELAZAENI NIRS Tt
nsUfuusaglnaiuBneas first derivative SR SNV...cccvrerrrenen.

mmé’uﬁ’uﬁmmxﬁmmumﬁG‘H’Luﬁmuiﬂ #ilauna Pathlength 1.0
fadns 1HandEnImmasaun19qaTainguazAsnae NIRS i
nnsUuuseanaFumaa first derivative 3900 MSC.....covceineeneees

andurusseaiunnuueigelwinuuladu #ldandsnimsadey

ANARTVINEUAZIINN NIRS oo

=b
=L

.r=muﬁ’uﬁuﬁmanﬁ‘mmmﬂﬁf‘}ﬂluﬁmu 10% FELAZANIN 30 WD
ANABNINTIRADLNNARTIINLWMATATNI NIRS oo
A nduusae B oA el 10% srazinaiy 60 wi il
AINAANIIATIRAUNNARTIINENWALAENI NIRS oo
m’mﬁ’uﬁuﬁmm‘lﬁmmumﬁfi‘ﬂ‘lu{mu 10% seaizioaniiy 90 w1 14
ANNABNNINTIAADUNNGRTIINIMATATNI NIRS ooovvvnnenrernnnees
m'mﬁ’uﬁuﬁmmﬁmmuusaﬁﬁsj'lmfmu 10% seeiziaantiy 120 Wi A

ANARNNIAPIABLNWAATIINEMAZITNN NIRS .o

125

126

126

127

127

128

129

130

131



NN

37

38

39

40

41

42

43

#TUUMN (AD)

anuduLSre B L AT R luinun 25 saziaaniin 30 wii AlA

AANABNIATIAADUNNAATIMNEMATATNN NIRS e

=i
=b.
—
e

AnuduusraBurniuuei G lninum 25% sTazioaniin 60 w)
ANNARNNIATIRABUNNAATIMNENMALATNI NIRS oo
Anudaniug e RunuuaiEealminum 25% szaznaniy 120 Wi Al
acd = s aa]
AINARNIATIAAAUNNAATIINEWATTININIRS s

1}

pnnduussea FunnuaiGalninu 50% srazioani 30 i l&
asd = s aad
AANABNTATIAABLNINAATAINIUALTTN I NIRS i
i 23 1
anudniusrauBuinuaica lwinug 50% szaziaantiy 60 wah Ak
AANARNNINIIAGBUNNFATIINEMAZATNN NIRS ..o
annuduiuss e Bunuaiineluig 50% sraznaitiy 90 wihl 1A

AINABNNIATIAFBUNNARTIINWALATN N NIRS ....oovvve Al l .

=L
=)
=

9
A uAuuS e i Uiz lninug 50% ssaznaniy 120 ul

AINARNNTATIAGAUNNARTIINETUAZATN N NIRS oo

133

134

136

136

137

138



APC =

CFU =

DEPT

DPLS

LAB =

LPC =

MLR =

MSC =

NIRS =

PCA =

PCC K%

PCR =

PL =

PLSDA

PLSR

2

R =

R i

RMSECV

RMSEP=

RPD =

SCC =

SEC =

Il

SECV

ANHITED

Aerobic plate count

Colony forming unit

Direct epifluorescent filter technique
Discrimination partial least squares
Factor

Lactic acid bacteria

Laboratory pasteurized count

Multiple linear regression

Multiplicative scatter correction

Near infrared spectroscopy

Principle components regression
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Polymerase chain reaction
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Partial least squares discriminant analysis
Partial least square regression

Coefficient of determination

Correlation coefficient
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Ratio of standard deviation of reference data in validation set to SEP
Somatic plate count
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SEP = Standard error of prediction

SIMCA = Soft independent modeling of class analogy
SLR = Simple linear regression

SNV = Standard normal variation

SPC = Standard plate count

TBC = Total plate count

TSB = Tryptic soy broth

vC = Total viable count
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nsinaeinunanaunsailauy il w.e. 2547 Fsunaasimmualiiuluiiaoalaensit
v =i o s g O 178 d‘ b o dl ﬂy = d” ni; '
Kauamsiinisuszaduius inliinaodesnszminFesgmuniminm IAA U N A
E %3 1 ]
s gudmumutiunlafuuariaudnaauuniennn Gaduladedanyinli
A FuTauuinunsTusasnAsgIANIY (NS AdR, 2547) uaziilaaannuseina

Tnadhiann@nasdnastinlan (WTO) uazgninvuaansAgs (FTA) ganaliifiaaiin13914

wmsnslunnsmuasauaguAtetinaiuglsss



. |

n1smsragauqumMniunlaRL (nsuMIAVTYTAUNT0I, 2555)

o

ar ]

ﬂmmwmqﬁmuiﬂ%uﬁmméﬁmym'auamﬁ’mﬁuu waze1gynIsiuine
TnElanI AN NGIANART mnzienaRBaduamnddyinnlifanisuindaseg
vinuTadv aqﬁmmfﬁi'\Lﬁuﬁ@qﬁmi*mqaﬁ'aummmwﬁﬂuuiﬂﬁuﬁ@umﬁu%y@ nausIuUNg
11&LLﬂI@‘N’]uLLﬂ‘é‘Tﬂu’]uNIﬂﬂUﬁJﬂQﬂﬂﬂ?mTﬂuN WAZLTHNIANGY LLﬂ“ﬂﬂuu’]L‘ﬂ’]LLﬂﬁ‘?ﬂ
LRAOUTUN HaNANTIHATEY ﬂmqwmum‘ﬂﬂum WusanunsIAINA saaaaTeninm
TaAuaNAIe ﬁm'lum?msq%@mamﬂwuu sznaufian 3 dau AANITATIAEBLAIIANIITLL
YANNENIW NFATIAEBLIATININNAALAT] LAYNNIAIIAABUATUNTAN NATANEAT
1. MFRIIAFDUAMANHULNIINENW (Physical quality) vusdesiidunmite
A19190 NAW 36 ANETINTIR wazmaan@autlantlaes
2. MSASIARBUAMNNNILAK (Chemical quality)
2.1 AMNB29ILNIE (Specific gravity) ATaalae Laotodensimeter WATEUIN
1.026 - 1.030 71 20 paANTATEA 130 351919 1.028-1.034 7l 15 aATalTe
22 1Bunaslasiulutitus (Fat) $aeAs Gerber method siuntaRuT R0
hipnndnseeas 3.2
2.3 J3anauilaunianun (Total solids: TS) meﬁmmﬁﬂuu’lﬂﬂuﬁumﬂ
(Solids not fat: SNF) Taerld Milko scan ﬁiﬁmmﬁwuﬁumiﬁﬁmndﬁamz 12 wazdl
WBannuilouslisniuneg bitieandnsanar 8.25
2.4 paanilunsa — wua (pH) aglugag 6.6 14 6.8 wazilpAutdunse
(Titratable acid) liifivesas 0.16
2.5 qaidianudls (Freezing point) & fiaqgaiianudaligandn - 0.5620 8aA7
\aLdea
2.6 m%ﬂfﬁqu:’lu'\fwu (Antibiotic) #2835 Delvo test %3878 Buiiiauwin
muwluum3ﬂgmau“ﬂuﬂ@u‘iﬁﬂuﬂwmﬂ@uLﬂuﬂu (Negative)
2.7 arstludiawluti iy lalasaunlefeanlad aaeiu Wadwe] et
Peroxide test WieAnaLARLIMN Srsitlhisansuideaulnananageudu 0
3. n'i-im'mqa'auQmmwmqqmmﬂm% (Hygienic quality)
3.1 nadeuiljiteniuwaanagaq (Alcohol test) Ailaamdiniisenas 75

snunluiinmaanazneulnsnanagsuiiluay (Negative)



32 NARBUNITANASNAUA2ENIFHN (Clot on boiling test) Hnaday
ﬂﬁ?ﬁ‘mﬁuLmanaaﬂﬂ"l;itifm'lﬁmm@ﬁuﬁuﬁaﬂﬁ’ﬁﬁ yirungeshifinssudadufiaulng
uanagauiduay (Negative)

3.3 ﬂsmmaauma‘lumuu K9873 Methylene Blue Test WinHatds
Resazurin test 4% Methylene Blue Was@uanndn 4 G2l vieinsulanudues Resazurin
lsitiaandninin 4.5

3.4 ﬂ‘%mmgﬁuw‘%mu{wu %n878 Standard Plate Count (SPC) e
flaawias laithu 500,000 TnlatislagnuaAriaunng

3.5 {usutSataanu19luiaua (Somatic Cell Count: SCC) Aatadtans
snEureasitunla #1875 Direct microscope count 138 Fluoro — opto electronic method
ﬁf&‘iﬁuamﬁmﬁﬂmm‘lﬂﬁu 500,000 IFARABYNUANITUGLUAT

il m?mqqaﬂuﬂmmwmuuTﬂmumﬂmuummmsm@ Taeial)annsalldnas
mmfaaﬂuﬂmﬁ’nﬂmzmamﬂmwmawm'smﬂumm furewinariudariunTasuviebi
mmfu?'iqf%ﬂnLﬁuF‘fthd{muiﬂauLﬁﬂiﬂmwaﬂuﬂmmwmamﬁua”mmmwmam
mamﬂuumﬂgumms‘[mﬂm@lummqafaumﬂumﬂu feeannrzazeamnuannuayi]
Al ege aunsnline nhq'ﬁm@mm@aauLfam"“nmmﬂumm%“hmﬂ?muummmmsamfa
vmalaRumassdiausunsal drnamslisaninmiadutmuaiasaunsalasgusioatiie
dmaesgandnuazfilsanndnynaaiieuas 2 a%a ensaageuaninInuazllisnn
A iaRumnen dauandlumae 2 Fegnanisiudatinunlafuaasaunsailusian
NIMTFIU 18.00 UFAN ANy ﬁaﬁmumﬁmm‘lmﬁu’lquuu Yagae 3.6 N uazay

AUMFEAATIANINUNALIRINTIATNIATEIY (nsumsAttyFanunsnl, 2555; NTENINNLAT

LAZAUNTOL, 2558)
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sy,

GIGENY

AT
a3

NNSAALNTA — 5I1A

iy

1 <4 b
ALELBNIIN

(Freezing Point)

P ATNAZaIRADN

" NMINARDUINTRULY
(Methylene Blue
Test)

" Bunnuileuwlison
w3t (Solids not fat :

SNF)

Sa0aY < 3.20
$auaz 3.20-3.39
Sauay 3.40-3.59
Sauay 3.60-3.79
Sasaz 3.80-3.99
Sauaz >4.00

gandidawinny -0.520

AZILY 5 (ANIN)
AZuUU 4 (7)

ALY 3 (Uunang)
Azl 2 (wa'ld)
Az 1 (Lif)

AL O (Leiunn)

ANRY 40 @n./nn.

anad 20 @n./nn.

laian/laitdin

i 20 am./nn.

i 30 @n/nn.

i 40 go/nn.

-0.519 114 -0.515 "C ®ans 10 @s./nn.
-0.514 114 -0.510 "C anad 20 @n./nN.
qomniigandn -0.510 'C anad 1 uw/nn.
A<lAFURY +15 dm/nn.

A= H5uGu +12 aa/nn.

A<ld5uE + 9 an/nn.

A<ld5uGY + 6 an/nn.

aglfFuiEn + 3 an/nn.

a<1AFuku 0 an/nn.
AuaudaluanaumnAoudvesaiiiung
N30 1 (>6 dalue) IEFuRMTRES 10 @a/nn.
\n3n 2 (6 ﬁ'jl'fnl‘m) SRy 10 an/nn.
\190 3 (5 Fatue) 165uEN 0 @n/nn.

insa 5 (3 'ﬁ"qu) 1#5uRuanas 10 @n./nn.
N30 6 (<3 ﬁ‘il'qu) R5uRuanas 20 an./nn.
SNF 1ia8in91 8.25 anad 40 4 /nn.

SNF 8.25 — 8.34 anad 20 d4n./nn.

SNF 8.35 - 8.49 s 0 gn./nn.

SNF 8.60 - 8.69 LF‘IN‘%‘:N 30 an./nn.

SNF 1nndvidawini 8.70 fisdu 60 @a /nn.




A5 2 (6D)
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oy,

ATUANLR N'lﬂ‘iﬁ’l‘u

N1FIALNSA — 51A

2 a@unad < 200,000 colony/ml

(Stand plate count) 200,001 — 300,000 colony/ml
300,001 — 400,000 colony/ml
400,001 — 500,000 colony/m
500,001 — 700,000 colony/m
700,001 — 1,000,000 celony/m
>1,000,000 colony/m

23mmuini@antna < 200,000 cell/ml

(Somatic cell count) 200,001 — 300,000 cell/ml
300,001 — 400,000 cell/ml
400,001 — 500,000 cell/ml
500,001 — 700,000 cell/ml
700,001 — 1,000,000 cell/ml

> 1,000,000 cell/ml

i 50 @m./nn.
s 30 ga/nn.
idu 20 ge/nn.
AnAY 0 Am./NN.
ANRY 20 AR/NN.
AnAd 30 aR./NN.
anad 50 An./NN.
s 50 @m./nn.
s 30 am/nn.
Wi 20 @n/nn.
Taian/lsitiia
Aanad 20 an./nn.
AAAY 30 @R./NN.

ARAY 50 4n./nn.

. faudasann ' nsuasaatityiannsal, 2555; 2 N9eNINUNHATUAZAUNIDS, 2558
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FauuafiGauazmsiasaiula
a o e Ala a4 ¥ - < T
nsnALdEa LA GoiaTulaanisudgadainuilaiuass @auddnung
= o 1 e 24 d’l = ] a o= = 1 s!u alal A
$HnTnTILNEagARIBFaLLANEY uiursTiadinisiwsulaanisuanmie @auuAniTad
nITULNIEAARULNANIA (Binary fission) A9an 1 195848 W 2 1 ad i1 1u (172
o
~4~87167327°64.... vige 2") naasuduinvesdanuaiizalilivunsacnndiannees
wad gl dn uwinsnsienisiindiuausad daflusauiainnisulasunlamianiives
Nandnahwaad naasndvimduladondidmyednadalunisansdin auisonay
Y v ar d‘ o e =] .
nraaaau lilnani1sdnnislaguul a9 e84 I UERA VTR NIRTININ (Biomass) 994
Uszansreniiomisaaan GeFands “@nsananaseianin® (Growth rate) wanlilunis
nsuawlszanaanniduiilu 2 wia Fanda generation time (Doubling time) (WHYL#ty
WrladN waziinnn Sauntuwd, 2554) azuansnaiullluusas species luaniazuwandau
o] e et d PR . y P e ) c
AN A LUANLTELAASTIUAN generation time LLﬂmﬂNnum (»19149 3) LU Escherichia
coli Wnanlunnsutaiaaniaazilszunns 15-20 w1 dau Staphylococcus aureus Haan
Uszunnt 27-30 wni wananiiganudn annziandessing 1y pH Tiiaredemis qoimgil
dl ] ! ar = ' i = = v ] . z 4‘4; t:-!”
NUNLED 4184 ENUEARND generation time 8NAIE LG Escherichia coli maslua unsiuan
(Broth) w&nrinluimdefiguingil 37 avdraaidea arlinanlunisulugadusarai
Uszann 17 wit dau Escherichia coli itaglwimugariy defiguuugiiasaiu azld
] & ] 3 = 1 n’: 17 o cf =
manlunsutiaasuAazaflszanns 12.5 wai wimiu s nadulnass@euuanize
amnsovanlilngnisinannudu (Turbidity) 1ea@euuaiieluamaman nsainIue
=i (=3 =4 a' o o 7 7 & 3 d” o ml: 24
gaalalativuaamsude visanisinsasauamaanig linaadqanssdl Halin1dnuunes
Waiuiuiagngn
d‘ o dly = = o si‘ J 3} c:il N v or
Watndeuuan@aaruaunile ldasldluamnsaaadeniurewnas uaan
ammuaadeu 1y gnumnil aandiau WisnnzauiunisaiysesdauuaiFodi aznud
d”

P i A - = ) Y
LUANLTHHNITULN AW URINUIUHINTY gﬂl'.uu‘]]‘ﬂqn'l?m?fyﬂﬂﬂqLT@LLUﬂWL?ﬁ@:LﬂHLﬂﬁQﬂ'\W

2
ar =

1 Gawiafuszazeine 16 4 szaz 6



—

(10 ot viable calls

Loaarithrm

é: / (3) Stationary phase \ @

1 T T
4 5 (@

Time (hours)

-
il

Total cells in population:
W Fewcells [ Livecels gl Deadcells

A 1 nsnmsiauinraadanuaiice

! http://webZ.mendeiu.cz/af_291_projekty?/vseo/print.php?page=4638&typ:html

12
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'
= =

ar R = o
1. Lag phase (?3?]5“!’1) Lﬂu?:ﬁﬂﬁu?ﬂﬂvﬁﬂ WUANLTELTUNUNLAIUNITILAS
v

ar

HI v [ dﬂ” ~ = o ar 2 o ‘ﬁl v £ 73 L O’d'
Runadanlud WauuahFaazlfum lidinnuaimsuardauinaauuu fAnnrasaenlain
o v oo & A a v ~ g - Ao o -
wanzdy  aslifusnunsiasame dn1edielilinu uazdiulsznanan] NAAYIBNLTAR
k73 E?J & = Hﬁw 1 = - % : 73 éil ] o
MBUTTHLNNYY) WDITEBEU [AAD1IARLHAUNA N TUNINANLANUDE LATNIDNNATULINMD
dy 1 ar J 1 e r—-ly dv
72817 lag PONRATLNNNUUANGNNY TUBELNLDMWITIAENLTD Tunsudsgemnsasnenay
X i , g d
findaaitluWienaunuiige Wy nsligaumgiian (Cold storage)
. = v we e PRI R
2. Exponential #5@ Log phase (52812WUIAINIATY) WuszeeN@anuAnLIad
al o :J = 1 o c: © = d! ¥ T ] ﬁ'
NITIRNAIUIUNINNZA umsummqummmmumquwLﬂulﬂfamammuﬂwm
A2117LNBUNMLATITDITAR LATNTZUIUNITAN AaaAauANLAINIed FIana Dyl
=l ar
AN

i Ao -

3. Stationary phase (538843 MIULEAR) NszasRA@LUANTINAMIUAW
1 b

- ' AHa W a o N D a R A 4 A
FauanedruueiiGalifinafinannuaniiragnsuiamINUSATIAIY NITNITBLLATLTE
= $7 £7 ] . d” c}l dy c" = = o b7 i;«ql = © [
\Brywdndingszaz Stationary sz nanaedeivuaiiGaaunsmih lllliEuianin

P P - o Al L 4 P g oA o
asimiteansins lwnisdudimsetaiduinsesd@euuaiGeFuiinaniy sauvialads
aﬂ' d. =‘-'l' 2 er = = ﬂal 1 L4 i o = = ‘;

B MdentiesiunassyiuinEulimanzan inlidhnmaaiyiulngana

4. Death phase #5a Decline phase (szazidannig) Wuszazgaing (3o

== = ]

-v-'.il 1 d" = = nd' Aal g cgl 3 dy <
WUANLTENHALAZALRININNANLTDUUANLIENINNITUIUTU NI UINTIZDINTDIAUNA

U

= = ] ° dy ° 7 & A= MYy A
ELﬁZNﬁq?ﬂBﬁtﬁN'ﬂﬂyLﬂuqququu’]ﬂﬁlu@uﬂﬁﬂ"l‘;‘ﬂﬂ’]ﬁ’]ﬂiﬁ?\iE‘&ﬁ"‘l\ﬂ‘ﬂ’ﬂ\‘]L‘ﬂﬂﬂLLUﬂﬂLi‘ﬂLﬂﬁﬁ“rﬂ

inlfimadngagzinnsiaioy i Faflunalfdenuaiiteandiunasuumiguanluiga

= = 5
wuanGavianuaaie b
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/1519 3 Generation times Taa@anuARGaMelAgNENMANZEH (Optimum

condition) UM LAz LA

Bacterium Medium Generation Temperature
Time (C9)
(minutes)

Escherichia coli Glucose-salts 17 37

Bacillus megaterium Sucrose-salts 25 37

Streptococcus lactis Milk 26 37

Streptococcus lactis Lactose broth 48 37

Staphylococcus aureus Heart infusion broth 27-48 37

Lactobacillus acidophilus Milk 66-87 37

Rhizobium japonicum Mannitol-salts-yeast 344-461 20-30

extract
Mycobaclerium tuberculosis  gynthetic 792-932 37
Treponema pallidum Rabbit testes 1980 37

Fan: sandasann Auviioy wiledn waziisen funuu, 2554

&

danuaisaludusnlanu
Fauaiteluinunuazuansusi duanalumnae 4 innlineanumueling
Wazaad wuiald 2 nauman liur @euuaiFenlineliialsa (Non - pathogenic bacteria)
- i\ Ao sy a . o . . a8 el Ao gy a
visanguininliiiansuindalnioun (Spoilage bacteria) wazi@auuaiGeim liinalen
(Pathogenic bacteria )
%‘ oo c1 o v a y a & g Ad o gy a \
1. @anuaii@Fenvinlmianisuindsluinus @euuengenni liiinanisu
:l” = = } 73
Reluhuniivanasiin Usznaunae
%’ o a a . < . 5 P \ oA
11 dawuantsanannsawaann (Lactic acid bacteria) ITBULANLIENAHY
k23 k2 1
aznaansananinaminmauaainaluinun 1Aud ana Lactococcus wag Lactobacillus GR

Lactococeus lactis WAz Lactobacillus cremoris 13ty lfiagiasaatialurinun Tnaanzh



15

aaniigendn 20 ssdsadoa dntmihunAsdniufiendusnuufidu lunszuounis

= = o o =l 174 a« A = i i = =84 (<3
nannaRfneiunsinslflsclanianni@enuaiBenquilunseuouniandnlaiin e
(cheese) uaziuawman (butter) ‘Eﬂﬂmuammq:m?L@?@Lﬁuimtﬁﬂ‘lﬁ‘lﬁmﬁmﬁ’nrﬁﬁﬁmm?
(Walstra, et al., 1999, p. 162)

1.2 TaawWadu (Coliform) Gatja9d Enterobacteriaceae Naginlllusssngnn

1
= o

wazludnamegu 1B us 1§ FeuuaiiGendn ﬁnﬂmqﬁi‘f’lﬁuﬁ Escherichia coli U8 %
Aerobacter aerogenes &nwsniany ATigumnTigandn 20 ssrnuating tasaanelilsiu
wazihmauintng v lfifaufiauasnasaliftaszaedluin
1.3 n’éuL%QLLUﬂﬁL?ﬂﬁﬁauqmﬂgﬁﬁﬁ (Psychrotroph) lfun Pseudomonas,
Achomobacter, Flavobacterium Wa¥ Alcaligenes dauupiie ﬂ@ﬂ‘ﬁfﬁ?ﬂﬂﬁﬁﬁﬂnmqﬁ i
ndn 15 asaades @wnsoutngadlifiouunii 4 ssrsadus ndneulsillsd o
(Protease) wazlawlatioaaaalsfiuuazlasiu slsRan s miuas s i
1.4 na;m%yfa wuATFafinudaniudau (Heat resistant bacteria) léun
Microbacterium lacticum, thermophilic streptococci WaZTANDN Micrococcus mwﬁm‘ﬁ"lﬂ
a59adafudiiaadliifaanume (Vegetative cell) @zqnﬁﬂaw’lﬁﬁqmﬂqﬁ 80 24A"
iaLdEd 1 20 307
1.5 namdawuaiiGanairealas 1iud Bacilus uaz Clostridium aide
AT Tagesstintauisdialesld uasmusiaanaieu Tnaallaznu deunaiide
AINE1IAMAY HUAZe Yadnd e nsiiRednd fideunsiiduaiiafiddoyliu
1.5.1 Bacillus cereus nliivunaraaslsdiinnisuingds (Sweet curdiing)
Aanausadlifalszasd Wan1ssaungduaaaialasiu (Clump of fat globules) liinusia
gnavnfigaaansnidnylfudidngingiazanasie 7 saaaidog
1.5.2 Bacillus subtilis WAz Bacillus stearothermophilus NUABAINTDU
ez B unssaunnsanedlsdi imanzasnin@e |

1 3 =l

1.5.3 Clostridium tyrobutyricum SaatilunguuuaiGeitannsaiiaiin

U 9

== qin ar

o " . d” e | = d" J = 7 1
(Butyric acid bacteria) dauuaiizaasdaiiiu@euuanizandrdnlunai adiaunwiadlu
nMsRARLLs LT 9Tiln Gouda ¥W3a Emmentaler FannliitinanizfFandn late blowing
[flssannideuuaidusinanasaiauialalngau inlifingauialun wazdeuuoudain

JM o v o= lﬁl
N1suAN Uananigann linanRwwmLY (Awful flavor)
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PR I v a g e A gy oa - o
2 HawupnFannalutinlsn FauuanFannainalsaiduimanuaniss

P
f
. o Fo . & T, T
fndtylumsTsnannunlasnialunszuaunHAMIUNIAZHARNINUN (TBULANLIENGNY
1Hun

g

2.1 Mycobacterium tuberculosis Wu'lianlauuuasEsau gninaneléisag

a

& '3 ; o 3 o o &
nFLUAUNIIHNALAe T L an1nsiasiuganimianuaedieulaiuaan laivaanmag

[
gl o

(alkaline phosphatase) %\1LﬂuLﬂull‘ﬁﬁJWﬁ'Jmﬂﬂ’]QZﬂﬂﬁ‘Wﬂ'&L‘Qﬂ‘i‘ﬁlﬁ“ﬁﬁmu’]‘zﬂmtﬂ:ﬁ?ﬁlﬁﬂﬁ
R EsmnanadewaiiBesiailida

2.2 Staphylococcus aureus arnuludnumaesimaiidulsagiundniauuas
arunsonuliludamesyse U'Nmﬂﬁuﬁﬂ’é‘wmsﬁﬁﬁwu'éfauuﬂmﬂummﬁmmmsﬁnmu
YRR

2.3 Salmonella waz Shigella spp. wulgvin i \usssand ugnmgliiianis
ynauiamInAvesan 14

2.4 Campylobacter jejuni 8124 Spirillaceae warnulaluszuuniaumu
a3 189dnd T liRnanstasiuasifianzaia luLFunidaenies arunsonasny il
Sfmu?mﬁf;nmqﬁﬁﬁ usitadazlinusiannzow

a

2.5 Listeria monocytogenes wulsinalulusssnaip ey languuuniinn gn
wanglER 72 peAnaaidsd w15 i

2.6 Vibrio cholerae williluiniliazaan enafianahailananemauiia
di’ = &
\Faedinng

2.7 Coxiella bernetii a¢l1naA Rickettsiae ilugninnaaslsn Q fever wulilu
TAnm Wi Lazung Tuidinviewia gninangllii 72 sarmaidea un 16 Wil

28 Bacillus cereus aeiraadenuaficaatiafimuliiall uazgninanelin
grumiigandn 100 asAsalGaa

2.9 Clostridium botulinum wulElminuaziu ai1agrsiuluydu (Botulin) T

dl 1=l = = = J = (=3 =3 = J

anasilifiania wenBasiataviaiyuuueuiuasizaandmudaany (Low redox
potential) Wiauudumunussg luanazgyenis

2.10 Clostridium perfringens wuaaslilumu yadnd uazaranuliluunay

E = EII L I% 1 = W dy = =
ﬂ"lN’]?ﬂﬁi’]\iﬂ'\SWHPLUSJfléz“ﬂﬁ?q\iﬁﬂﬂﬁ‘eluiz‘]_lllﬂﬂﬂﬂ'\uq‘J‘ A LN@’TNQ?HW?Q’QWU iR LLANLIY

~ J ny =
afait Ay (Walstra, et al., 1999, pp. 158-165)
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Name

Source

Pathogenicity

Spoilage

Bacillus anthracis

Bacillus cereus

Bacillus subtilis and
B.stearothermophilus

Brucella aborlus

Campylobacter jejuni
Clostridium botulinum

Clostridium tyrobutyricum

Clostridium tyrobutyricum

Coliforms

Corynebacterium bovis
Corynebacteriump
pyogenes

Coxiella burnetii
Lactobacillus spp.
Lactococcus laclis
Listeria monocytogenes

Leptospira (hardjo)

Microbacterium lacticum

Micrococcus spp.

Diseased cow , soll

Feed, dung, soil, dust

Feed, dung, soil, dust

Diseased cow

Dung, water

Soil, contaminated water
Soil, dung, contaminated
water

Soil, silage, dung

Feces, milking utensils
contaminated water
Teat canal

Interior udder, flies

Infected cattle, dung
Milking utensils, milk in
churns, milking parlor
Soil, feed, dung
Infected catlle, urine,
contaminated water,
surface waler

Milking utensis

Teat canal, skin, milking

parlor

Anthrax

Food poisoning

Probably not

Contagious: abortion
(cow), Malta fever?
{humans)

Intestinal disorder
Botulism

Intestinal disorder
(infant formulas)

Not

Mastitis, intestinal
Disorder

Not

Mastitis

Q fever (humans)

Not

Meningitis

Leptospirosis

Not

Probably not

No

Sweet curdling, "bitty
cream” in pasteurized
milk and cream

Spoil sterilized milk

No
No
No

“Late blowing” in
Cheese

Spoil milk and
Cheese

No

Hardly

No

Sour milk

No
No

pasteurized
Products

Hardly
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M1519 4 (A1)
Name Source Pathogenicity Spoilage
Mycobacterium Diseased cow or milker Mastitis, tuberculos No
tuberculosis
Mycobacterium Cow Weak No
paratuberculosis

Psychrotrophs, e.g.,
Pseudomonas

Salmonella, Shigella

Staphylococcu aureus

Staphylococcus
epidermidis
Streptococcus
agalactiae, S. parior,

S. dysgalatiae, S. uberis,
S. pyogenes
Streptococcus
thermophiles

Vibrio cholerae

Milking utensils, cold
stored milk, polluted water

Dung. polluted water

Teat canal, interior udder,

skin, diseased milker

Teat canal, skin, milking
parlor
Interior udder,

milking parlor

Milking utensils, milk in
churns, milking parlor
Polluted water,

Diseased milker

Occasionally

Intestinal disorder,

Mastitis

Food poisoning

mastitis, ulcers

Probably not

Mastitis

Not

Cholera

Hydrolyze protein and fat
in cold stored milk

No

Hardly

Hardit

Sour milk

Sour milk

No

iy sauilasann Walstra, et al., 1999
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1uwamu1ummv1muumma Lﬁjﬂmumﬁ’ﬂaﬂ'luumuuwum?mmLﬁifaLLmuwsLﬂamf)'auj T,ﬂﬂ
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nedimiuls ALULRELWAL Biunagiauanuas wilailld 39-41 AIANTALTHA FRNANLEN
v 1
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finine gl
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nanagluans mmmmmmmummmqwuL‘ﬁfa vl lfisaaunula aadauy laiin
‘EﬂmrmnmmLﬁmmmnmsnnmmmamuwum (mumqmmummau) lumauAn dalu
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=
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uwnuauanties dnwuiluszazudinseauazdramgasaun uuubivdansainis wumadly
tiunag luszAl 300,000 - 2,000,000 LEad/AaRART
9
2) Taddasu WuwdawuanGunguunsuay gusee1a wo'ly
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Ui Tnemss (Walstra, et al., 1999, pp. 166-168)

%’ o = 3’
N1TATIADLUL DDLU AnEa e

o

- & - o o A 8 o
ﬂ’ﬁ'ﬂi"JQﬂ‘ﬂUﬂmﬂquqﬁﬁmﬁqﬁﬁﬁﬁ]@\?uquuﬂﬂlﬂuﬂﬁ@'\ 41] ‘ﬁﬁlﬁuquﬂ'ﬂLLUﬂﬂﬁﬂ

£ v 1
ANNINLNUANTNANMNAZAATBNNUN AN saTIREaLUANGauavnaadlsasii
o ' Z A PR § o o4 W )
uusnauaeuiia sauiadauuanGamluilausuilaaniainannuliazetnluszndng
nszUaUNINER azanauluraunannszuaumssind@elsalunszuaunisudn lulaquiudd
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ansliinnginuanannneasihuim i naewuansanaanuina liidunneily
NSNIMUATIANTBIEBNHAY A99 1T UABIHNNTNIIAAUATININIALNDU N1TATIAADL
annsnvin el
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1. ﬂ']‘i[ﬂi')qqﬂl[?iN'lmLLUﬂ‘VlL?Elﬁﬂ"i'lu‘ﬂﬁﬁ"l?t‘aﬂs'llﬁ’ﬂ (Standard Plate Count;
SPC)

v []
ar =i

= < s o =
WunsdsediuniBua@auuanFaianuannuisuunas luaau1siasalde

=

ES‘ sﬂu = = 1] ] = Hva < L 1
Plate out agar @dldaty ﬂWL?HﬁQu‘luﬂc_’lﬂ’]N'}i‘ﬂmi‘mLWUIW AR anunsanaiuslamlan

&

=1

Wluaanans Ganda talail (Colony) 35n15%n 1mATiA Pour plate tinsnegnausnasly
.y S TIPS [V ¢ o . t/ .
awnaReade wiahluadduundegnivgll 32 asagaidas Wuoan 48 $aTus innsiu

o ) f - o N L )
11491 colony forming unit (CFU) vmgmuuuuazﬂ'\‘lﬂuﬂ'\mitaﬂaLmﬂ wantiunnaAiu log

CFU/ml
2. msdsziiuszavaandanuaiiGaannailasudlasesnwinoad (Dry

reduction test)

Lﬂumﬁ’mmﬂﬁmﬂﬁﬁ‘éﬂﬁﬁnfﬂmﬂﬁmu‘lﬁ:ﬁﬁnma (Reductase) 284198
wuARy deuuafideazlieendinuanansazaruidaduug (Methylene blue) sinliiin
malasuilastesarazarsanuibaauugiindu itediiiuastausaiuugieiidan
nmslasindetnananivarsazansuidadug uﬁammfuﬂ'\'lﬂLvﬂufmmuquqnmqﬁ
idenq tuiinualuafousni 30 wi uazdalusdt 1, 2 luFenq auflsiatud 6 uaziianain
wilainen 4Reanghi (Resazurin) daifndfisaidandu azulamuihiilogilu doiidaumy
ihulalnslofudsbifd dwsadilamnsoemnals 353 Ae 10 minute test, one-hour test

uaz Triple-reading test 35 10 minute test tlun1snaaaunioulilunisnsoagaunnnin
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ey e nidudiiazaanuazsaniia s One-hour test Uaz Triple-reading test Az
k74 :j H 1 ar o
Wuan1smagauningansanan (51315mI Janaw, 2558, wiin 338-339)

3. msduqdunsdunuiunsaslindasqanssdlaiiniFasuas (Direct

epifluorescent filter technique; DEFT)

[l ]
ol =l &R

n133AsiieAun LA uINAuYEaNgNNsaIULLHUN 989 AUYTHFeT
=

|

TagnIaaannImnqauisdnalindaswanssmilaanse Aadaansoinlilaanstiond

iadqauviTdaedag luaninuaansefaa@nFeuds 1@y Acridine orange, DAPI, SYBR
o u.’: ° ' = ~ rd':l dp o v el =5

green uasNINIIINIAIUIELNTBAWTENIAUIMARITNRTignTas WA 0.2 1138 0.45

lulaniups uasiuduanaduniddnigliindesqanssamiafinnlinsaaaaveauniaiiasud

LL&'qﬂ'\‘lﬂéﬂmmLﬂuﬁﬁﬂgﬁuw‘fsﬁff’;f%faqLLmuuumm?mﬁiﬂﬁﬂﬁﬁmﬁ‘@ﬁiﬂn'}’maq R 29
(513751 Fanew, 2558, wiin 340-341)
4. nasastatuldanuaiiFanuauiauluiinuy (Laboratory pasteurized
count; LPC)
Wunsasaiuduaukuaiideiinuteu Tnaidatrainadinauounts
wmmfa?lifﬁvﬁ'ﬁ"uﬁqmmﬁ 63 aarnaaides Wunan 30 wil whaniedainadangn
4] Pour plate satisinunasluawnaiaeede Plate count agar uatinlhinfigounngdl 37

avAngadtg hiszezioa 48 4alus imaiududs wuaiiGariam ey agiiuuy

u

ar

waziuluamsiaeade (ARRANG daa3azaas uazgnu @1anuiln, 2550)
5. n1sasranuduauidanuniiiFanguladnadalutrum (Violet ref bile
agar; VRBA)
d” e | i = 's dy = = ] i =
dauuanizalunguiaaaiuiludanuanFaunsuay 1drauvs arunsnainy
k4 b g
TilnelEena visellenadnies1s douuaiGanguitliun Escherichia spp., Klebsiella

o o SN - ; )
spp. Was Citrobacter spp. HnfaateuImaslue I s@sde Violet ref bile agar Wan

1
2

finhhinfignimndl 37 evdnsadoa svazinan 24 dalug aunanzlalaiidguydin #il
IUIANINNGT 0.5 HAALNAT (Christen, et al., 1992)
6. MsnsIaInBnILASTIFNWUE B3Nt ATP (ATP photometry)
lasnfiraduesdediaaynafinsaniadenuaiiGeail ATP (Adenosine
triphosphate) ®¢] FaTlaABNTATIAM ATP S48t SEuRsa TSI aTEEA R g

UjnrannmsulasuulasasdoiniislianilafregBmeiu (Luciferin) gnulasulaeiaulsiy

a4

a
q
ar ‘!’1 == d”d = a:'
1

wasa (Luciferase) Aariulunisnsradasziidauuaiize lag3snasfaansonagns
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=

Andoulaamsanuilzunos ATP FaudslumuiBFurondeuuai Ba sl lu

ar

28819 (871975mT
donav, 2558, wiin 342)
7. MIATINILATINAISNUGNSTTH (Genetic techniques)
madiassiidieuuaiGe inedinssiaisiugnasuasjinmaseuiudougesans
< = o o = = . 4 o 4 ¥ v o
WugnasuilanzdmiudmewuanFanguuile wiadiunumingadeslunalnaginansin
=y el ad = caln o o = e = = o =
POAUTBULANTE A5N1IATIAATIIN [undnidunisieasiaiduie Aenisifindaui
wualumsaanasaslaelfisaignlinisideusaansiduwe (Polymerase chain reaction;
PCR) uazmamsaagevndueidingiulil (DNA hybridization) Tasendenisiinguasiidue
Aaaa1n (Nucleic acid probe, DNA probe) TUALEwe NN 1ns9431A3129 (5197501
Tanay, 2558, wik 350)
WINRANTUNITIATIEWRNY Aafinaraan wuduraAsiiiadainuanlunanadig

A

1 L
bidaziuamudnwnnaeifiinmed dewinurarasiliumaunisnmageuiigeuniivans
n’j = v el ar = & 2 A:ll 27 = & aad
dupauasiasedgiiinerlunminmeiduamasey szoznamldlunisimms 33
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at BBl Fovemy = = e iy = ' ¢ v
anivdaiiAn i luiFassesanaiivazgunsnirine AlElunsameilusiazasa foe
¥ 0 e ar 1 o 9= o o 4 or A a rc:! ¥ o e ' A"
IannaAIng1 v lillanudniuiasfiesinnnmaiiadiasziiiaunsoantesinmani
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wmanadlasaususaalalnsdalni

1. wannisraaiasdunsisadilalnsalnd

<% Increasing energy

Increasing wavelength >
0.0001 nm 0.01 nm 10nm 1000 nm 0.01 cm 1 em Im 100 m
p— 1 L D M S

Gamma rays Xrays Ulira- Infrgred Radio waves

violet
Rudgr ™V M AM
7__{_,j—J —__\V/ NIR Region — 700 — 2500nm
e\ Vishle light ~ 2\
400 nm 500 nm 600 nm 700 nm

NN 2 FedlnnsuarasnauLasaunsILEa
AN hitpi/mww. processsensors.com/appbl_lI/?tag=near-ir

uastiilndaunsnsn (Near Infrared; NIR) luaduuanizanduuimantiiier]

TudnaAr e ARLLUsEN 0L 800 B4 2500 w1 TiimAs (12000 D4 4000 cm™) Aauanlunw

5 wladaeAanneaRuaanilil 2 409 Aa doerAuduniincnnenaAay - 800-1100 W luums
, 4 N | ,

LA AR NIRT A NN ARY 1100-2500 wiliums (Oshorne, Fearn and Hindle, 1993)
d‘ ar 1 ar 1 = =~ 9 & = !

dinanauas NIR aaunsinasing fstvaziimsganauuasuaznszuliifianisdusasluans

1 Functional group A9 2 ANLE ABNNIEAUA (Stretching) waznsLlasnu (Blending)

1
1 o s

499m211D Overtones Way Combination 1aauyWaridu O-H, C-H, N-H uaz O = H Faiilu
Tuanavantesansdwiddiazuansaenuiiluinui@vizanandnaunmii (Spectrum) Ul
avanafufinaaesniniludnuuzianizaesasudazaiianganduld uimunisganau
WHIULES (Absorbance, A) azifluliniunpuasded-uanidn (Beer - Lambert) Aa
wasnaLLasTii it lusatag azgandulilagesflsznaunianiilufataing

2 = = o vy < =
asdinuasiignganavazdudadauiuanudindiuiasanumnuasesdiznaumniaie

TTUNAUAENU (Osborne, Fearn and Hindle, 1993) ANUNTDUAAIANNANNUS AIANNT
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A = log (I,/l) = E&cd
dla A= ANsgAnAuLEN (Absorbance)
1, = Anudinduassnasieudastitusiond
|, = Anudindiuassusanddetinusioat
€ = molar absorptivity flunasfiansurazansazans
¢ = Anudinidivaasgsazaenizaasdsznaumaail lusnating

d = AMUWUNUIBITAR

=

Tnsuanananisganauuasaanuiuunni@uranGandiaunlnniu (Spectrum)
Tneusas aulnafuiinanseanundfluaniEniziant aasansusasainLaravflssnaumaiadl
P - ' @ as & er = bt
ndaTRANAL (NN 3) aginglanmu NIR dulnmiuasiansuzinanig (Broad spectrum) 1N
P T P v - o 3 — . ~
ffangrenilaudindugs Wesaimiianisdauiuni (Over lapping band) L1819y

< = ar o ar 1 Al ny = ] e -:i
Wiuiaaudn anlnafuresigginunsuazarnisdaulunjiiageni Wuialunjuaznined
13ianu 760, 970, 1180, 1450 waz 1940 waluiums dnwuizaevadnaiuduil vl
durraaasziasslssnaumaatiaasgislilagnse Aadufaslduanniaalaumsn
(Chemometric) 11 1¥ Tnsifiaarinannizanuduiusszuineaasflsznauminiuaann

[P

namanwisediRauRfinIn1sAnzi Mifeyavesannain daGondndeyaidauds

o

|
e a3

(Optical data) WfinlszanniAnesdlsznauvidaauniangasnig
WANNSNN9UIDILATES NIRS AB uasanunaaliingaanuugs (Light source) Nl
n1INTzANEaaILal LazaduAsfaassuuintulasmas (Monochromator) Tragilugaamau
A ¢=Iy i ] 1 LY 1 ar n‘ ar ] 4 Wy
gnAauNEINTg udadediuliasaatng (Sample) wazdnliunnuaasaatragananld
AaagUnenldmiunsaadn (Detector) wazudasidudyurudaingdoulszuaana
(Read out) Faaltlsunsu Waenuluglfgliaunsnindniuld 115 wdatiuiinuadas

ARUNLADT (NN 4)
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Soybeans(b)
Rice(r)

= _.-’: Protein(p)
iy Starch(s)
Water(w)

ABSORBANCE

2000 2400
WAVELENGTH (hm)

mMw 3 dllnasumeganduuss NIR 289119 D9Luaas warasAlsznaumIaLAAg ¢

ﬁm: Kawano, 1995

Light source  Monochromator

Read out

Detector

or o <4
NN 4 nannN1sNI9UIadtATad NIRS
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2. gﬂuuuﬁé’ffa@s’rmﬁmﬂﬁﬁ%m (Interaction)
gﬂuuuﬁﬁfmﬂ'\uﬁﬂﬂﬁﬁ?m (Interaction) fiuuds NIR 11 azifianisnsziniy

snatihdlimanouun Heuseinlldeiethaifidnsuzsiieiu axf el 4 dnue
(NN 5) il

21 Transmittance WasANNIENUFIaEsEMmiilng? Detector azdaifunny
waaftieanunanan ludumsaiuiiudanin sa

2.2 Reflectance LA9ATANNIENLTiiNTaddad uazenauninszanaly
Brnnmiknieundadn Bunussdsfieunduaanuniag Detector AN 5b

2.3 Transflectance WAIRINUUAINNTIARBIANNTZNUAIBENUAZEDINIY
faatsadlannssnudngiliganfuuas (wiwasinneniteagiiiien) fagjfang
FinDeing uRadsiaunalinggi Detector ANTW 5¢

2.4 Interactance 1% 1unsal Fiber optics probe U@dannuuaan ALt

NIR dasihuasundamatinalussumausinuuen udusaiasfiouaanunanitiamatingn

dql1leis Detector 1i31anudn1Nan Fiber optics probe AN 5d

(c) Transflectance (d) Interactance

MW 5 ansemainaljizanaainiadenunds NIR (a) Transmittance,

(b) Reflectance, (c) Transflectance wag (d) Interactance

ﬁu’lz Kawano, 2002
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3. meiaszidayadmiunisvinunaataas NIRS
dﬂuqzihmﬂnm%'u”lﬂﬁLﬂmzﬁmﬁ‘ﬁmiﬁﬁmg,ﬂﬂLﬂnm%’u'lﬂﬂ?ﬂl.whﬁqa?fémq
= 'S dil d' k2 =4 9 ci. 9 o -=E E73 5
AmiAANGATINeanANAAIALAREY LiIMARRETIER nsutlasdiayadinaiuilianiazes
] = =) ar 1 ! 1 ar $ ar 4 o ar
NIRS Lfieanavinaresiadasine Afuasesuinaiy faduladeninliaulnaiuiiaam
[ ar 1 a:i‘ 9r Ay =i i o o o 3 E 73
LANANSTL denadeann1ngs19du daruusiugr lumsinunaanas Aaiuntsulasdiaya
ar | a e =4 aed d' 4 ] k2 -‘; L7 o
aulnaiulasaanisneatindand tahidiniuilnazdaa liduasunITaINauNIIMIUNG
= 1 Ll dv e = r::n E 71 9 s v ]
fanuusiuginuandu Aan1meaiinaaninton i lunsulasdieyasunaiuldun

3.1 AFauwus (Dervative) unsufifyuinisivdeuinuesanenly
aulnafu Weaufdumnifianiigruning (Broad peak) Wieannnisdeuiuiuaesiia
(Overlapping) Wazaninaainnisansavedidnailnain (Base line shift) MmnnaINnIg

a . 3 - o a i ° 2 = = o o '
naviaaua (Scattering light) augaannsznufifoatinainMuaanlaaunanig unanans
AANAULANTIAY NIRRT yaliigamauianaasesaataliginana n1sdni
LazNMINIzaANgfaedfteta N UTaa U TRNUANFINTY souviaaanudunia lusnanah
wAnsnafdae (William and Norris, 2001) Usznau@an 2 35

P9 1 G -
3.1.1 agwuﬁﬂumuw 1 (First derivative) @nunTnAamTyMINITINNTU
ﬂﬂ'wmﬁmqFiﬂn’laqmnﬁmmmmmﬂnm?:umaamﬁqqmmmmﬁumuunu Y n iy
anlnefdeundanu wilnaasaulnaiudeiigauning adldanursouanfinaanainiu
agedaruly BnidanoyTusauiIn 1 Tianunungiluatauduresd nafuusaz A
d‘ :!l © 9 b 2
gapaudann Wiulananuvang lhann
as ars s & ® . i -3
3.1.2 auRuESUALT 2 (Second derivative) dmnInAAHANTZNLTIN
Wannasudnunafadunaeateannugaauauun Y idamundnioyiussudni 1
Lasuaniirdunafuiininsfeuiuiusananiulfiathetniau vinlinsuiuwmiinnineng
ARuLAZnATuA=TaNULiINA LN ATUAN (Osborne, et al., 1993)

3.2 3% Multiplicative scatter correction (MSC) ThiAsnasedunniveannan
AARINNTNIEAE (scattered light) Aaailnaiuaes NIR Alfainnisdauuuaziauuns
(Diffuse reflectance) WazLUUEa3EY (Transmittance) N1TNTIRALEIR R AT NTY
Trgsnaasaulnaiunlasull TnemaAeasvesdioyarsgaulnaiy INAAAANENATBINIT

= d‘q ¥ d' = = ~ac d: dln 9 (=)
nsziAsTedudsiinanamesine dududndsuilniienlflunsanantianain

3.3 3% Smoothing NS ANaatAAay TnaiinnsunuAinIgANALILAY

wAazANEARLIIEARATTaIRINIaANAULE ludasAHEa AR UREAARUENaNI TR

b a9
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1 d' o tdl c: ] 3 d' 1 ¥ d' dl $ 7 o ‘;’
F29A2INENIARUATITIURANYNUNUR ADAINTABUTIY lUuileAn NN AR LWAIATLDTEN
AUATUAREATIAINNENIAAL %Qfmminamﬁrymmﬂae%’fymﬁmiunquﬁi@mm?@mﬂﬁum

W o add o - . T e 5 :
ezl nasuiilansuswieugdunaiuasinu uissirauaiananinni (Katsumoto,

et al., 2001; Siesler, et al., 2002)

34 3% Standard normal variate (SNV) \{ludsnilanldandninasaanis
NeTiAdLAsTIRAIN A NI TUTBINTRANGULEITEY NIR aanaIndulnaiy i
Dﬂ'JﬂIﬂ‘El’]ﬁﬂ’]‘i‘ﬂ"ﬂﬂuLmULLW? (Diffuse reflectance) A “ﬁ'ﬂz’élﬁmmﬂnm?uﬁLLmnsi'Nﬁ'ufé'u
aennannniInIzanafaf L:uﬂmmmmmﬂumﬂmmmw & 9azinli anmim”wumm
44 LL@zLﬂummsﬁﬁﬂﬁLﬁmﬂQﬁmLLﬂiﬂiquﬁJ@qmﬂ:gawomlm

=l 2 ar d'dﬂi = | ﬁdﬂi -] k4 = oy v o ci
Asnnsuasiieyasulnaiunanganaa Aannn lianunsoataTzilaannisinungi

= o & ~ ar ' 9 v o d‘ ] o
NﬂQWNﬂquq?ﬂ1uﬂq?ﬂﬂuqﬂlﬁiynuﬂﬁﬂﬂ?”ﬂﬂﬂﬁﬁdLﬂNwEQMQﬂHWQ1m1ﬂﬂLﬂHQﬂﬂﬁ ﬂﬂﬁ@‘?ﬂ

i et

m’mluungmﬂmuuummﬁmu'l,umwmﬂu‘lqLaﬂnf;ﬁwfa“‘lm'lummﬂmmﬂua FnaAngaAa
miamﬁmamqn’l,uma‘ﬂmamlmLtmazaﬁwmwzlmﬁuma‘mmammum@m Tnefinadinla
0 &2 KX v Ay = ] acdn v e
ﬂfnwmﬂLm:mmm%m*nmaﬂmmumamﬁlwnmwu (Hruschka, 2001)
4. 28n15@519831n"49 (Calibration model)
Tunsaireannisdnsun Mg Al sznetaesn@ninvisagmaila NIR

o Pl

; H o ar = ar A or ar ¢ s o or i 1
ﬁﬁmmg An nasvnaaulsaass (sauils X) AANANARSAUAW RN (Aauls Y) s
NNIRUNENIFES9ENNNT Calibration wiialf 2 A5uan Aa

41 38n1siaanAaINaIIAAY (Wavelenght selection method) tiluns

Aaanaulsadaszianiy m'msmﬂauwummﬁuwuﬁnumuﬂsmu TngRanTundieyania

4.1.1 Simple linear regression (SLR) flunsa$1eaunisidasznay
X asaulsansaiianianudunusin Ae mowlsdase (X) Musiudsanu (Y) 3% SLR ilung
- & wr wes & i a 4 o A
A anfRansunA N ANRUS IR Frneeiaaing NNAMNEIMARUNENAIINEIIARULALN
(Single wavelength) nMsAtaszviesdilsznauiaiifiog NIRS Al lilinas ldaauenanau
’lﬁm'\ummﬁuuﬁqlunwmmﬁﬂs:nﬂumamﬁmmﬁwﬁ'\q Hlasanndaatifnalszneusion
aadlsznaumanaaiin AaiiAafielifiayanainadugnoniu (Multiple linear) titeninug

b 7

29MIzNaL AT TRIAIBEN (ANINT INHNETTITY, 2545) aNNTT SLR anunsaideuliinag
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Y =a+bx
dla Y= Aesddszneumaiadl
; -~ - 4 o A
X = AMNNTAANAUIAINAMNEIIARUALMILALY
. . 4
a = ANAT D4 AAAAUNU Y 1D x =0
b = AMAMNTUNIT N
4.1.2 Multiple linear regression (MLR) MLR HTaGunednaniledn aaa
wASHNiY (Inverse least squares) 1UNN9851961N1$ Calibration TAuauNITNETI9TUAE
Usznavluiog fulsdaszannnda 1 6 (X, = X,, X, X,) waziausanu iudniléaan
MAEiRaeABNIRT§IU (Reference method) mallAnsaseannN LU A ududeu
'l.um'iu,ﬂmgﬂLmummﬁ'uﬁuﬁuazmia’éqmun13mnndﬂmﬂi’1ﬂmi‘nﬁmfaﬂL%mﬁumhqd'm
dl ] ar ¥ lci' o = ar = n!
Fapuganuardudeneginadniaandaulidass (X, X,... X)) IIMANZAN uazn1m
AnasiirasdausTugunas (a, by, by... b)) (Gede gassnudaual waxiling qnicend,
2555, Wi 6-13) auns MLR @xnsaidisulfaei
Y = a+b X+ bX, +..+ bX,
d‘ 1 = a: d' o ]
WD X, X,y X, = AMNNIAANFULAITIAINETIARY N AITUNIN
4.2 ARmsasiznlagldailnnsunaunn (Full spectrum analysis method)
vadd o A d; d' - dl
FuntsE3sAnaanuANEIaAAUNINNSE (Selective wavelenght) 3INANNETIIARU
u’ll :;d o @ " 7 t:i d' ni/’
Fauaatluaulnafunngs19aunig Calibration a1z AnAMUEIIARWIIMNATY
ana%u (Full spectrum) H&isanns Tnsinnisandouilsdass uazatadaudsngulmd
d” G | c:aqt:;n @Y o ]
Punn AaneansntanlFlaun
4.2.1 Principle components regression (PCR) 1un1531A31 A LR
Usznauvaniudeyainiudiawlsdasy fliandeyaaunaiuieandnnuiawlsiauaing
1 1 ar d‘d or or & o d‘ L7 or 6!” y o= I ar =4
mfa‘umﬂqumu.ﬂ?wummﬁmwuﬁnum‘amwmuﬂsmum’lummmﬁﬁma usa
aefsznay (Factors score; F) udrasthaudnnafli/aiwannisidinanes aunis PCR
= W3 e :?
ganansoasulineg
Y = b, + b,PC, + b,PC, +...+ b,PC,
i 1 o Ici o [ or
ila PC,, PC,...., PC, = maaulslusinsumis n siawls

by, by, Dyeones b, = ANENLSZANE LN STsTMIN IR WNE n Fowe
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4.2.2 Partial least square regression (PLSR) FlunisaasziinAllARant
G . ¥ " = ° ar 1 al ar e
fawls (multivariate analysis) 1ag PLSR SunaialunisandiuaudaulsEiunaanian
PCR ufazuan m"mmqmwﬁaqﬁ’mn@:mmfiﬁmuﬁauﬂﬂmﬂmm’éﬁa Fawsldtiuaziimain
Hoyamaulsnnu (Y) FnnndanlunisainaiaudslminGandiazuiuilads (Factor loading)
L 73 1 ] k7
Zae Tagliisilugiasiinnsuanluyindunay Regression 4 snzuuiladefiginedunnlmiazdl
ar =

pnuduiusAumulsnnagguas aun1s PLSR anunod@sulAal

Y = by + byF, + b, +..+ BF,

1
=

i F, F,..., F, = Andawlsl P anadtusiuteys Y Aidaumi n
piowls
Byr Bys Dpreees D, = A3 Avia lunnsdeainminiiannadig
fudiaya Y Afaumia n fouls
5. AansnadaudunIs (Validation test)
waNl#aunng Calibration Funzanudn f-av“’mﬁn’ﬁwmmudmun'\sﬁﬂ%w
%ummnﬁm%mgaﬁéumﬁu armiuninunaieyad gaguiiulsy sgnanguineaiuls
virel E’mﬁma‘ﬂmﬂﬂuﬂﬁ‘x%ﬂ%mwmamum?ﬁﬂuﬁ'\‘lﬂ'lm Gail 273
5.1 Full cross validation flunnaagaunialungusiaeting (Internal validation)
Taeiinetefitumaaauduns Ae ﬁqasi'\wmL’{?imﬁuﬁ'l%’m’é'maum?ﬁﬂmﬂmqmﬁ Tneidl
FuneunageLFil oot 1 fafanmnmmmamm‘l‘ﬁmﬁmum?mmﬂﬂ"mwLﬂﬁ
anThilsn o MaeRINIAINIMNANNNS Lualmaummm Agidnadnem 1 amagen
AuN3 Fusialildsaotagi 1 nADAL LazAnRaatnT 2 @anfafmsﬂmmﬂmq LLﬂ’J‘Nﬁi"N
AUNNIRIIEATNLAT ﬁmum?ﬂlﬂmnn'}?mmﬂmmmamm 2 vindumeuiinefing,

os ]

AUNIERIANALATIIBFIBENIATLIINTA safushatinusiazadindiuszgnaneanain

t 4
= A

GAFIDE 1 aFuvinie AstlazdnaalnanisgA RMSECV (Root square error of cross
validation)

5.2 Prediction test HAunnsnagenaunisiaatiinguatatnalua (External
validation) ¥11l7z15iuA191n@uN17 Calibration Tmamam”éﬂuﬁqaﬂqqmmlwﬂmﬁﬂn'w
AT IUANNIENTNARDL TIN hlmmmﬂmmmmﬂnmummmu@ununumammh
a5 9aun1IIngAIMIaLAR (Calibration set) ﬂgmmamwmmwmaﬂuﬂummwﬂmwm
nagal (Validation set) LLﬁiﬂ'ﬁmﬁﬂiznaumqmﬁlmgmmaauEﬁmﬁﬁqaﬁluﬁwLmﬂfmun‘u

or ] ci FYA 7 t:adt:l” = = I aa v i .
ﬁmmﬂmqﬂaﬁmwﬁumi AEnazinNITRAITUIRINATNNANR l&un bias, RMSEP (Root
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square error of prediction) AMAANA1ANIATFIUIUNGUNAGELANNNT (Standard error of
prediction; SEP)
6. AMNEDANLTIUNNTRANTUINNTHENENNNS
6.1 AduUscAnsauduwud (Correlation coefficient; R) WALAN
AuilszAnan1samanly (Coefficient of determination; R?) Aa ANAUAAIANANTUE
il sadsy (X) uazAaudsniu (Y) wnArRauanslEsadinlng 1 ey 1
NUIEIAININ ’ANﬂ’]ﬁ“ﬁﬂ%’]\ﬁ’:&!ﬂju’]iﬂﬁ’m’}l}ﬂuﬂ’ﬁﬂ%iﬂﬂﬂ"lﬁ’m’]ﬂﬁLﬁﬂ’%’lﬂ%ﬂ%ﬂﬂﬂ‘ﬂdﬁq
wlsdasz (X) nuatsauilseau (Y) Al A uduRUS N inusinsiansansanFuAl R #a
M134 5 (Williams, 2001)

6.2 ﬁﬁmwmﬂmmgm’lunéuﬂ%’wﬁums (Standard error of calibration;

'
1 =]

SEC) A Arfiuandeaunisiairaiuarinsni i luniminmnesel15Rvield A
(] W 2 = DU
Annl@nasiiAniiag
6.3 AAANAIANIASFIUIUNAUNARAUANNIS (Standard error of
prediction; SEP) fia Arfiuantianisienannsnasaduuniuwneliniuesilszneunig
PPy - = - e L\ Yoo 1w '
T lEANATEINIRS HAnnuwiudnguiden GaiinAnAuaulaiAion wunaaug
AN iAo
ANNINETITURANLLINEZ
N ] = ' ' 1 M v ac ¥ a ar iy 2
6.4 ALAALUDINAANNTEUANNANTLARINIBABeALAIN AN NIR
(Average of difference between actual value and NIR value; bias) A9 ANLRAYUBINIT

vinnafiayavesdawlsnny (Y) uazAadadeyanasdoulsdasy (X) favuuandianiy

!
1=

A4 W o v = 1 ¥
% Pyal lN mwmmm‘l@mmmu’aa
L ar 1 1 d L] 1 ] 1
6.5 m'amﬁmu'ﬂmmmmLuumﬂ‘a‘gﬂummnqu Validation set A AN
SEP (Ratio of standard deviation of reference data in validation set to SEP; RPD) ineush

N3RANTILNAT RPD Aam19 4 6 (Williams, 2001)
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Value of R Value of R? Interpretation
Upto+0.5 Up to 0.25 Not usable in NIRS calibration
+0.51-0.70 0.26 -0.49 Poor correlation, research the reasons
+0.71-0.80 0.50-0.64 Rough screening
+0.81-0.90 0.66 - 0.81 Screening and approximate calibration
+0.91-095 0.83-0.90 Usable with caution for most applications, including
research
+0.96-0.98 0.92 - 0.96 Usable in most applications, including quality assurance
+0.99 > 0.98 > Usable in any application

waneng: R: Correlation coefficient Aa AnduilszAndandunug

R% Coefficient of determination A Andunlszanannsndula

"ﬁ"sn: Williams, 2001

/15149 6 LNEMNISAANF AT RPD

RPD Value Classification Application
0.0-23 Very poor Not recommended
24-30 Poor Rough screening
3.1-49 Fair Screening
5.0-6.4 Good Quality control
6.5-8.0 Very good Process control
8.1> Excellent Any application

WHEILUAB): RPD: Ratio of standard deviation of reference data in validation set to SEP A

o " IJ U 1 i
‘E)[?’I‘j"]?hu‘liﬂdﬂ’]L'LI?NL'LIUN’]ﬂ?ﬂ'ﬁ&“ﬂ’ﬂ@ﬂ@ﬂﬂﬂﬂﬂﬂﬁﬂﬂ’\? naA1 SEP

Fan: Williams, 2001
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7. szlagiaaanaiia NIRS

Osborne, Fearn and Hindle (1993) 3181411491 LAsaadausazilssinnanani

b2 0. ar

daainlunisldeu uaases NIRS HusslamiuasdanuinndnianFauinauiunis

1
aa] 4

AATLIMAATNIan1TIATTIAEATEN daufuniaiiaTes NIRS Uszandldlu
guatmnsaniidselombinnung u
7.1 dwsanswsansaadng llandufesiaiaetranetminandas
7.2 dausaEalunsinen
7.3 nramadeuiunuuhinians valiseedaiiiunsagen dunn
o ] ] =4 - 1 W oe & = as o= 4‘
numbhednan viatiinaseld unisdseudnsiunuassndnsneiannianile
7.4 lLidaliRananaziiufivsedawadan inliassunulunisguainm
anmuanday WanlFaumaununisinszifineianaiiuei
7.5 dzaansanislieu ilasaanlunsdfunbisniusecdgngilscaunnnl
> D 2 W e a eey U] 2 Hey e =
visadiaalifumstindulasianng awnsolfidaugiions1iandlsviug
7.6 Widnilusieslfasail waziatasufindiudmmnn mlilamnsnaniunu
Tuiavaaadl uazgilnsalisasufinaala 1y
7.7 dhidansiimsnsdmiuihllaouauanninlunszuaunisw@n
| [ o a & 2 a oy
8. yAAENNgaINuMsIATIzmhuamaiasaursnsasilalnsalngl
aquiuiinsAnsinisasaseunnnmin ladulaalfmaiia NIRS Hialuid
= ‘-J = | =!I el ¥ Tl 1 p
AN wuaRidain WesnnihainmmsaaauiueasrauuFealnd henanisliu
hilfansiall uasdiarnisonsadnliwaiuilaglbifesinwlanioliunlaoudaadi i

nnimnALiA NIRS N13LATIEHANIN KN UNAILAZ AR TR INUNLAAIAIAIIG 7
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AN519 7 s1ganunaanldinaila NIRS "lumfa‘mqqqmmwﬁquu‘tﬂﬁuu@z HARATIN

UH
Authors Product Constituents Results®
Sato, et al. (1987) Raw milk Fat (%) R=0.99, $.0.=0.09
Protein (%) R=0.91, $.0.=0.10
Lactose (%) R=0.90, 5.0.=0.08
TS (%) R=0.99, S.D.=0.09
Casein (%) R=0.85, $.D.=0.09
Wehling and Prierce Cheddar cheese Moisture (%) R’=0.92, SEP=0.38
(1988)
Rodriguez-Otero, Cheese Fat (%) R?=0.99, SEC=0.39, SECV=0.52
Hermida amd Cepeda Protein (%) R?=0.98, SEC=0.40, SECV=0.40
(1995) TS (%) R?=0.99, SEC=0.41, SECV=0.62
Rodriguez-Olero and Fermented milk Fat (%) R?=0.997, SEC=0.07, SEP=0.08

Hermidai, (1996)

Protein (%)
TS (%)

R?=0.081, SEC=0.07, SEP=0.14
R?=1.00, SEC=0.08, SEP=0.25

Lee, Jeon and Harbers

(1997)

Chreddar cheese

Moisture (%)
Protein (%)
Fat (%)

R*=1.00, SEC=0.08, SEP=0.25
R?*=0.98, SEC=0.90, SEP=1.06
R?=0.95, SEC=0.84, SEP=1.05

Pouliot, et al. (1997) Whey protein Nitrogen solubility R?=0.98, SEP=2.18
(%) R?=0.99, SEP=0.09
Trypsin hydrolysis
(%)
Albanell, et al. (1999) Ovine milk Protein (%) R?=0.92, SEC=0.19, SEP=0.18
Fat (%) R?=0.96, SEC=0.16, SEP=0.20
TS (%) R?=0.98, SEC=0.27, SEP=0.37
Chen, Lyo and Raw milk Fat (%) R=0.99, SEP=0.19
Kawano (1999)
Laporte and Paquin Raw milk Fat (%) R=1.00, SEC=0.08, SEP=0.05

(1999)

Crud protein (%)
True protein (%)

Casein (%)

R=0.98, SEC=0.07, SEP=0.09
R=0.99, SEC=0.05, SEP=0.12
R=0.98, SEC=0.06, SEP=0.07
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Authors Product Constituents Results®
Tsenkova, et al. Raw milk Fat (%) R=0.99, SECV=0.11
(1999) Protein (%) R=0.89, SECV=0.10

Lactose (%) R=0.85, SECV=0.08
Tarko3ova and Chocolate Sucrose (%) R=0.82, SEC=1.23
Copikova (2000) Lactose (%) R=0.80, SEC=0.39

Fat (%) R=0.90, SEC=0.83
Tsenkova, et al. Raw milk Fat (%) R=0.99, SECV=0.14
(2000) Protein (%) R=0.80, SECV=0.12

Lactose (%) R=0.81, SECV=0.10
Tsenkova, et al. Raw milk SCC (log SCC/ml) R =0.89, SEP =0.38
(2001)
Sivakesava and Raw milk Tetracycline R?=0.87, SEP=110
lrudayaraj (2002) (ppb)
Kawano, Saranwong  Raw milk Fat (%) SEP=0.031
and Terada. (2003) Protein (%) SEP=0.066

Lactose (%) SEP=0.080

Non-fat solids (%) SEP=0.108

TS (%) SEP=0.118
Blazquez, et al. Cheese Fat (%) R=0.98, SECV=0.45
(2004) Moisture (%) R=0.99, SECV=0.50

Inorganic salts (%)  R=0.90, SECV=0.26
Kawasaki, et al. Raw milk Fat (%) R?=0.94, SEP=0.48

(2004)

Protein (%)
Lactose (%)

SCC (log SCC/ml)

R?=0.73, SEP=0.17
R?=0.87, SEP=0.09
R?=0.71, SEP=0.25




As1a 7 (AB)

39

Authors Product

Constituents

Results®

Saranwong and Raw milk

Kawano (2008)

Fat (%)

Protein (%)
Lactose (%)
Non-fat solids (%)
TBC (log CFU/ml)

R?=0.99, SEC=0.03, SEP=0.03
R?=0.96, SEC=0.07, SEP=0.07
R?=0.89, SEC=0.09, SEP=0.09
R?=0.97, SEC=0.07, SEP=0.11
R?=0.83, SEC=0.60, SEP=0.55

Melfsen, et al. (2012) Raw milk

Fat (%)
Protein (%)
Lactose (%)
Urea (mg1™)

Fatty acid (%)

R’=0.989, SEP=0.03
R?=0.94, SEP=0.07
R?=0.73, SEP=0.09
R?=0.31, SEP=40.23

Andueza, et al. Goat milk

(2013)

(FA, total trans FA,
Isomer cis9trans11
of CLA, cis9-,
trans10- and

trans11-C18:1)

R?> 0.90, RPD > 3

Huang et al. (2016) Milk powder

Melamine; Non fat

Whole milk

R=0.988
R=0.980

WHEILWAR: TS: Total solids: SCC: Somatic cell count; TBC; Total bacterial count

R%: Multiple correlation coefficient; R?* Coefficient of determination;

R: Correlation coefficient; SECV: Standard error of cross validation;

SEC: Standard error of calibration; SEP: Standard error of prediction;

RPD: Ratio of standard deviation of reference data in validation set to SEP
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Jv = ° = ar 1

uananiigaiininiimaiia NIRS unlElun1sdangs Kasemsumran, Thanapase
and Kiaysoonthon (2007) $eUANANITa lUNIRTAgeUNsUaaNL i uas il Ty

& 2 a o o & ] P P =4 o =
wnumegmnaila NIRS iNeARLeNINUNLBaMBLazuNninsRalueanaIniu n1siRetly

} 74 = $ 74 ﬂi’ A 1 ar ;7 b 4 e
UsznaunsanisidadumsituaznisiRetudaanreun Tnanisdnnisdieyaiands sof
independent modeling of class analogy (SIMCA) tLaz Discrimination partial least squares
= =] 9 ac] = 1 e
(DPLS) uaziFauiauilafifuainugniiearas 2 35 nanisufauiaunisusnnguunis
SIMCA uaz DPLS wud1ds DPLS linanisusnnguunandias SIMCA ulefifunnugniias
MIMNAGINI1 89% UAZ Revilla, et al. (2014) yinnsuaninmunzisousanlili 2 gg fe g
TauuAzngUGEInALlA NIRS Hnsdanmstiayafingds Partial least squares discriminant

L% L2
analysis (PLSDA) Wusna1unsnutianguiinnia 2 ggniaaananiulfita 93%
3/ 2
dmFunisdszgndldmaiia NIRS lunasdiassiiFuranidawuaiGei i
1 v
nzAnmanasld NIRS lunasasaadaidiawuaiFanaludiquauniwnazilFuuly
o or & ar  ar = a = &
RAMNITUAMITUAZHAATUTINNISINEAT uazlulagiiudadinaginmaiia NIRS unl4
fumunisdiann Gandamaila NIR hyperspectral imaging gl Alexandrakis, Downey
and Scannell (2008) 184 UNNTATIAAD LAz LANT AT TauUANGa a1 maTiadia s
durrsasulalnsalnd vinnsTeelfiGeuuaiGenlfannnisdnuanatiaesdauuni G
arniilada ldun Listeria innocua FH, Lactococcus lactis, Pseudomonas fluorescens,
Pseudomonas mendocina W&z Pseudomonas pulida 1n8N154An 194838835 PCA 35
PLSDA UAZ35 SIMCA wirdn nannisdieyameds PLSDA @nnsananidauuaiielungy
Pseudomona aananiuli 100% uaziilathdagnangu unknow umadeulneldiinis
Yan1riiayafiandd SIMCA wudaaruasauan Listeria innocua FH 18 77% uaz
Pseudomonas fluorescens, Pseudomonas mendocina Was Pseudomonas putida L8] n'lA
96.7%, 100% Uuay 100% AINAIAL WAzFAaNI Alexandrakis, Downey and Scannell (2012)
¥ o ' 'y 1 W o1 o or 1 o e 1 d}’ ]
livinmsamaseunisniidoreadeaniwybivharaiedne ihimaedhailean|iusmas
Tunananadnuazviedananasinust uazdwiulBigoumgil 4 sersadsa uean 0, 4,
ar o n’: o ar 1 ar =i ' dr ]
8 uaz 14 Ju nasaniuihfmatanaanstiayasfieds PLSDA wudiaunsonanilean’n
1 0 Juuay 4 A4 aananiuli 87.50% usnidie 0 Suuas 8 51 asnaniull 94.70% ua
d” W s ar ar 13 d”‘ vl = as dl d”

ugnildaanln 0 Juuaz 14 91 aananiuld 100% wenanitlfiinnddaiNensiaaaiide

= & v ' , v o o g
wuanFeludiun 1Aun Camara-martos, etal. (2015) l&vian1sasaadaunnude
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L3
ar

Escherichia coli Wa% Pseudomonas aeruginosa Tabwnlaiy saamannsdiaszivi o
Fouuaiideluituulaiu F9718911lng Numthuam and Satake (2012) WUFATUAATA
sregmaALIETinase sz AMBA MmN TR nEannsTEigs NIR Rgaeaanaienanan 700-
1100 wrluians dauFunisAnmau ?’;Lﬁﬂﬁaqﬁ'um?ﬂ?:qﬂaﬂ% NIRS Tun1sasnadn

s ar

dl” = =
aqAuviTdAILanlinTa 8



42

a1 8 saeAdERldnaiia NIRS lunisnstasauidaqduvidlugaaimnssy

AVISUAZRARNTUNNIINTINHAS

Authors Product Constituents Results®

Horvath, et al. (2008) Pork meat TAPC (log colony R=0.997, RMSEP=0.438

forming units/g)

Suthiluk, et al. (2008) Cabbage APC (log CFU/q):

Washed R=0.95, SEP=0.46

Drained R=0.92, SEP=0.44
Numthuam and Salake Raw milk TBC (log CFU/mI) R=0.93, SEC=0.63, SEP=0.71
(2012)
Barbin, et al. (2013) Porcine meat TVC (log CFU/g) R=0.86, SECV=0.75

PPC (log CFU/g) ~ R=0.89, SECV=0.81

Feng and Sun (2013) Chicken breast TVC (log CFU/g) R=0.96, RMSEC=0.40, RPD=3.02
Huang, et al. (2013) Pork meat TVC (log CFU/g) R?=0.8308, RMSEP=0.243
He, Sun and Wu (2014) Salmon LAB (log CFU/g) R=0.929, RMSEP=0.515,
RPD=2.969
Camara-martos, et al. Raw milk E. coli R?=0.936, RMSECV=0.284
(2015) P. aeruginosa R®=0.597, RMSECV=0.713
E. coli + P. R?=0703, RMSECV=0.584
aeruginosa

NHELWEL APC: Aerobic plate count; TVC: Total viable count; TBC: Total bacterial count
PPC: Psychrotrophic plate count; LAB: Lactic acid bacteria; R%: Multiple
correlation coefficient; R*: Coefficient of determination; R: Correlation
coefficient: SECV: Standard error of cross validation; SEC: Standard error of
calibration: SEP: Standard error of prediction; RPD: Ratio of standard
deviation of reference data in validation set to SEP; RMSEP: Root mean
square error of prediction; RMSECV: Root mean square error of cross

validation
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faﬁn?'\ﬂmumﬁé’ﬂwudﬁﬁmiﬁﬂu'ﬁmﬂﬁmLﬁsﬁ%uﬂﬂLi’mmﬂﬂimﬂTnﬂTumi

' = ar 1 d’) s ] = ]
AaaaUdanuanEalufaatinaileadng winstszfiulsz@nsnmlunisnsradau AN
mjﬁ'mmammmuumﬂumumimmmmﬁmmlfnaLmﬂwL’iﬂﬂﬂuLﬂﬂu’LumuuTﬂﬁuw'LﬂjLﬂu
fmmﬂum'3'1mmuu‘immnnﬂumﬁmumﬂmummgmﬂmfammun??u‘iﬂuu sonufadlu
msﬁ'mmﬁ”uum?mfmﬁﬂuqmmwa;nﬁ'lﬁmu,a:m31]‘3:mm'}mmuuiﬂmuamaqmm?u
muﬂmqusamamqﬂluuﬁa AT LLﬂ"f]’aLﬂu‘%‘nLmewﬁqﬁfavLﬁuﬁnﬂmwlumi

mqqa@ummmwmuufﬂ 241 Wi’r] ABUAUD NFUEINEIFD ?‘ﬁlﬂ"\ ﬂlﬁﬂ]’ﬂ%‘ﬁﬂuﬂﬂ'}ﬁ&’%vu'\ﬂﬁ
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unyn 3

oo o

ABALRUINUIRE

Aratnaiunlafu
Wusdasdrainuulafu (1w 6) anvhdunsmnslansnenslnraid Sandn

ar 5 ar ] d" u’: ar [ 1 ;, (=3 ssl
alavie viavua 80 et ldlusamlseatie antuusmydadldaclundanituiaive
TaarumnadiivinresdesuaiiGolusndadunaiiaindae grandiundiasieii
esdfjiRnis amiuntivdatainnlafufians 15 Jaaansldvananaaesntinunisgn
c!g’ 2/ e M [ q:!l = ] d" a‘ ar
waudn waziiludansmuanguunniin 32 ssmusalias iszazaafee) ieiuseay
o J D‘J v 1 o 1 Oy -~ 1 ]
AuudanuanFolutiuy wdruisietinhuniafuudaznaannaasauiadeaz 1
A Aaa d' o W ar = = 9 ol ar 1 n*J cil = o
fadans o ldmBunnuuaiiGaiosituinsgiu uazdratininudaunmaatinly

AATIznemALA NIRS

nsagaatalFanandanuaiidaluitiauluihuaiafu A8AEN1MTFIU (Standard
Plate Count) (APHA, 1993)
1. gilnsal
1.1 mmﬁuﬁqmmﬁ’nmﬁ@hL%vfaué’q
.2 mulﬁ”ﬂ\iﬁ”ﬂ (Sterile petri dishes or plates)
1.3 Test tube WiaurNTn 111A 20 UAL 50 HARANT
1.4 Micropipette 1416 1 HRAAAT
1.5 Rack lduanannaag
1.6 AiNEN
17 thnn@fsin
2. 4191Ad
2.1 Standard Plate Count Agar (Merck KGaA, Germany)
2.2 Peptone water (Merck KGaA, Germany)

2.3 Sterile distilled water
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3. \A3Rsiia
3.1 dannmidu Colony mﬂuﬁyﬂlmﬂﬁﬁ‘ﬂ (Counter pen, Fisher scientific, USA)
3.2 ﬁj_imf'ﬁv‘ﬂ (Incubator) (Wiscuber, Daihan, Korea)
3.3 mﬁ*fqﬁﬂi‘“uﬁqiﬁmwnmsﬁqmmﬁ*ﬁmué’a (Mettler Toledo, Switzerland)
3.4 Vortex mixer (Wisemix, Daihan, Korea)

4. FENISANUUNNG
s ]
41 wssmastnaiulaauidinfRasAIas Vortex mixer

4.2 14 Micropipette @,mﬁaﬂﬂ'mfﬁuu'iﬂﬁuﬁmm 1 NARART ‘lﬁluuﬂﬂmﬁmiﬁg
ansa=anenlilnu 9 Aadans ey Vortex mixer Widiniu (liansazarasiaagnai@daans
1:10™) At @eandneisimeariuauieszil 1x10%, 1x10° uaz 1x10”

4.3 1% Micropipette @mpﬁ’f)@iiNifWuﬁgnﬁﬂMgiﬁmmT 1 finAdns 7 Dilution

] EJI -::II d!’
A7) AIUUS RN ZiaNUasAra

dil 2 4 - 3 1
4.4 wensiAgaiiaivaswas gl 45 saiiaidaa acluaumnzied

=l o

i1 Fatine anuazlszanns 15 Radans aamiuianis Pour plate

s 3 A o i y Ay e - p
4.5 AMATULAENLITE LAas Lﬂuuﬂ@l@utﬁ'ﬂﬂnéﬂn‘jﬂ 32 a9ANLTALTe A Lﬂumﬂq

48 galng
4.6 ilansunan viaenuiiud1uau Colony forming unit (CFU) udatiuiingn

1 Log CFU/mI iitesinl MifluAnd1edelunisafaanuudanasenisinunanisnsadn

=l 0" - v -
nuanEelusunlafualemnatia NIRS
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nspsAadauLivala NIRS

1. ainsol
1.1 Sample cell INAELNUAUEINAN 2 [TURINRAS
1.2 NIR aluminum reﬂector‘ﬁ'ﬁ?:ﬂ: Optical pathlength 941/ 0.1 Waz 1.0

UARLAT (NN 7)

1.3 Micropipelte 7114 1, 5 WAL 10 HaAART
1.4 Test tube TUIA 20 HARANT

2. @15LAd
2.1 mmmﬁuﬂdﬁyﬂmﬁmmm (Tryptic Soy Broth: TSB) (Merck KGaA, Germany)
2.2 Sterile distilled water

3. \A3dila
3.1 Lﬂ'?él"axi FT-Near Infrared Spectrometer (MPA, Bruker, Germany) (N 8)
3.2 anALANANMAN (water bath) (Wisecircu, Daihan, Korea)

a

4. TdsunsudrnsuAuaunIeans

4.1 Tilsunsy OPUS 1a5gu 7.2
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AW 7 NIR aluminum reflector 155281z Optical pathlength 41/ 0.1

WAL 1.0 NARALUAT

NN 8 Lﬂ'ij"ﬂ\i FT-Near infrared spectrometer (MPA, Bruker, Germany)
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MSANENT 1: AnuanEnaTeesTaTilarI (Pathlength) siads=@nsnann1aniuianig
amadadeuuaideluinunlndudimnaiadsfunseaaualnsaind (Near infrared
spectroscopy; NIRS) [Rewaun Pathlength fmunzanlunisiasulnasu NIRS ﬁm‘ﬁ"ﬂu
wadldsatinahiaunm Pathlength Arai 1Hud 0.1 uae 1.0 Nadnas

ANTNAADY

1. et lafunfiuang 1 iadans vrsqaslugadsisetauuaEuEiug

P

AUENATY 2 LEURALNAT WA2219 Aluminum reflector Mgz Optical pathlength 1u1A 0.1
was 1.0 AaANAT a9 luEadnatig (N 9) [RedatdeTiauuaanduNnsafa Detector 199
Lﬂ"?l“axi NIRS

2. vianaslfiuay NIR Aae m?["ﬂ 3 Multi- purpose analyzer (MPA) FT-NIR
spectrometer 9919 9AAY 12000 B4 4000 cm” dAAINATAANALLAY NIR HasTuan
Transflectance AIUAAS LUNIN 10

1%

3. MnsiensiiieyauazmaudiniuiaeanisinngBuuuafiGudieis
H1MIFIU AuAIMIgANGLLAY NIR seathuniafiy Tnsnsdiamsifiayadisael
9
3.1 anlnaiuausssietininmlafiudanua 50 Aete Himsdiuuss
174 ar & ar J
dayadilnainmay Aell
LN\ CFL S0 T, a7 g f2 ,,
3.3.1 3581uS (Derivative) AMALNMINUATAALN4RY untsuiToymn
nsiudauiuressanlnaiy ety Rand§unguasnina NNz
3.3.2 9% Multiplicative scatter correction (MSC) aRARATRARINNITNTZIAY
wad
3.3.3 A7 Standard normal variate (SNV) aABYIBHATBINITNILIAIUAITNA
anAulnlmuresnmganauwasees NIR aanainainaiu
3.2 daysaulnaiuimlfuusiwmnAiurniiiea519aunis Calibration iy
manaBunudewuananhudavluhuuiafy AunmecuduiuissudneAing
b=l ar 1 d].’ :: ar 3 | ad an =
AANAUUAIN LA TaNAT9IRGn83T Standard Plate Count Inaidgn1eaii Partial
least square regression (PLSR) Wil Full cross validation fineildsunsy OPUS 1afdu 7.2
nl/’ o = = c{l o v L2 d'c!
aanunnasuFauiguniscasniaiinuasiiunacangniunisas9auna s
Usz@nsninlunisniuiegege TaaiansaurainAtduilscdntanduwus (Corelation

coefficient; R) Ngefiga Artinnatan1g1ulun1mmagauaunas (Standard error of cross



50

- » 4 °' 4 1 ar 1 A 1 1 1
validation; SECV) NANEA LLﬂZﬂ"Iﬂﬂﬁ"m"Ju‘Ifﬂ\iﬂ'lL'LJENLUHN']W?E'TH‘TJ‘EQHQNY]WWBU AaAn

SEP (Ratio of standard deviation of reference data in validation set to SEP: RPD) #1gafign

(a) Pathlength 0.1 mm (b) Pathlength 1.0 mm

ar L 0" _ s L d
AN 10 FI’J'E]ﬂﬂ-ﬂu'luNTﬂﬂﬂ')ﬂﬂQﬂlﬁ‘i’ﬂﬁ NIRS
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P = = a o g o a °
nsEnund 2: Ansnsulasuwastesianssnseadeuuaiizaselssdnanunimiung
N1IATIAIAITD et lwinsiaauiemaiaiisfaulieaanlalasalnl] (Near infrared

1 L = 1 ar ::l

spectroscopy; NIRS) TasutisnisantiunisAnnaaniilu 2 gausnal

] :Il [ ﬂy 1 = a Ll J

Arud 1 narasseduaudinduitundedsz@nsninnaminunadini e

=l =

wUANLIE

38n19NAADI

1 fhewsaaedaTiiaman (Tryptic Soy Broth) raniurihuniafy Tudnsdau
0: 10 (100%), 9: 1 (10%), 7.5: 2.5 (25%) WAz 5: 5 (50%) (0w 11) m‘ifam'luuafamﬁﬁdﬂm

1
=

2. tnaeniiidhatanauAranmaiugrsntuANgMTl igounnil 32 +0.5
parnigaldoa haaa 30 Wil newinsdarNIsgAnauIas NIR
1 A:} 1 ar 1 Dy 1] = ©
A2ud 2 nareanarlunistusedtaiueselss@ninmnisinunadliuan
=
ARG
ABNITNARDY

1. Udmastnainumaanadindiu 10%, 25% waz 50% gaadauil 1 (MW 12) 1
RINIANEIFE

2. tiwasnfiaadanininisiinlugneniugg i ﬁgmuqﬁ 32 + 0.5 83A1
aldaa Whiean 120 Wi LAzTIHI NI M st AetandadmMIganaLLAs NIR

fiszazinaniiumiee Ae 60, 90 Was 120 w7 Aaudadlunin 13

magunumainedasnduiinsdunsisauarmsitassideya
Lﬂ%aqﬁ@m"ﬂum?ﬁnmﬂ%?qffﬁﬂLrﬁ:m Multi-purpose analyzer (MPA) FT-NIR
spectrometer ﬁ‘ﬁquamﬁﬁlu 12000 914 4000 cm’’ imﬁﬂnﬁ?@mnﬁuLLﬁq NIR Aae Tuum
Transflectance TagninidasdrsinundazglunnBuns 1 §63ans vssqasluaad
fragnaunaEuEUAUTNaNe 2 |IuRANAT 1E2979 Aluminum reflector Aflazay Optical
pathlength 0.1 HARALNAT adluLtadasaating Aagotasiaunaandunnfafa Detector 184
384 NIRS
_ Aunusethainsusiazgluuudmiulilumaiinseiiieyade 75 datis ne
nsutiiaagnaiflungu Calibration 50 faatiauazdmiungy Validation 25 At 11
SayaaunaiuTeametninuLa NN Flsuudmnsnnitaainagung
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calibration AMFuntsnaueFunnudawuaiizamhuilen ANUAUMNANNANRUTTEWI N
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I e ¥ ‘;‘ i s : 7 = -~ ol
ANNTgANAULAITLAN TG NATIATRA8AT Standard Plate Count Tnean 194t
PLSR dnalilsunsi OPUS waidu 7.2 Insdeyaaulnaiunliasvauninduanlnauuuy
a’: = =5 s qll ] ar P o == g o @
At visalluaulnaiuitiuninlfuusiedeyasulnaiufeedanne wazmanuncdeya
o c; ci' o e g er A ° ::jd a a
anlnafunnzanigalunimiunsanuduiuiAnaenuuudnaasniidszdnsniwnasg

unagagalunisinnefiunandewuanFavivaaluihualaiu Tnefiaisnnsindn

=l

duilsz@nsandusius (Correlation coefficient; R) Nigeniga AfanatauInsgIulungy

a T

1
= 1

NARDUANNT (Standar error of prediction; SEP) NfNga uazAdnsdausnAisay
NINTFIULDINGUNAGBUGAD AT SEP (Ratio of standard deviation of reference data in

validation set to SEP: RPD) #igaiign



ar ' ¥ = a 4 [V
M 12 Aadhaiunlafunanansiasadasinuaifinanudiuiu @) 10%, (b)
25% Waz (c) 50% e uNlAR
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nanIsaAtuazanilsiananisIas

A iaauanvhinlaunseanensnslwananendlnsana Samdnglave
k2 3 ]
fAsedu BunnndeunaiFason (A TBC) luhuuaeflutdag 3 Ta 4 log CFU/mI #ialH#1
(] i L2 ]

s2AU TBC Rildaanivliunasdanndasnuszau TBC lusiuun i idhunusinawuasian

:’ dl o b 28 L7 = i g © 1 = ° s T D’J =
11U @azinun luan 81989 lun19451900UR18899 14 8A TBC R91nAna8in9tnunay
vk - ) i b o P -
Wtnnguunil 32 avAnsalded usrazinansine) ietiudnuanaedimeunAn Gy Taad
A Ao alne v o o e By ) g
Funn@anuanEan 14 lunrdasanuuanasaniungiBunameuuaniga lunisAnsaiail

ag g4 3 19 6 log CFU/MI uanasalumisn 9 uaz 10

= =S = e d' 1 1 a a o ar sﬂv
NISANEIN 1: ANANEWATDITZUZNUELADUTZENTNINNIINIWIENITATIATA LTS
=l o” = 3 =
wupnse luhunlnfudaamaiia NIRS
nsaunusinagviuulanufoafadaaasfiauugs Neunn Pathlength 0.1 uae
- 1.0 Hadluns Aaetased NIRS luluue transflectance Tugaaiaaa@u 12000 fia 4000 cm’™
Haulnaiuuanssanin 14 snsuzassanlnafuiifadnsuziunnalug 2 fin Aefines
k4 1 ] ]
sz O-H 1ealuanan Alaumau 6890 uaz 5170 cm’”' Tl ulilag Tsenkova, et al.
(1999); Tsenkova, etal. (2001) waz Kesemsumran, Thanapase and Kiasoonthon (2007)
Tuntsaunusaaziternunsatagany a4 Pathlength Hflaurasieiu@e 0.1 uag 1.0
s o 1 ' = ar 1 4” ﬂ!‘ E 7 d” ] H <
Haduns AarnudIAINIIgANALLAYTaIiet N zgeluila 1 Pathlength e9liu atnalsd
M Pathlength 9110 1.0 Tadwns azldawna¥uni Over absorption HndudalauRga
1a2A8Y 5170 cm” Tusnsilinuainnisdniiag Pathlength 111m 0.1 Taawuns Tae
Usngnisalfanaialianndenndeaiun1sAnuequIng nsudsny (2551) dalévin
N1TUNIUIAYDY Pathlength 1891988 ldanag19anmnizan el igadldinas1anil
Pathlength 2u1AANIY A9 0.2, 0.3 waz 0.5 Naawns Insviinnsdnannsuaessiiatinau
wralaalsd faamuanisazfiasunay (Reflectance) Wudn Pathlength 0.2 Na@tumsiaau
wazaund sl Pathlength 71 0.3 uaz 0.5 Hadluns 2991 1#iAa Over absorption 1u

Alnpiuaaaningng
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d’ o o [ 1 0" = dl s G = =
WarnaunaivaasAlatntinuninfudeInaae Pathlength 0.1 waz 1.0 Hadlung
o o = & ] o L J =4
NETNULVANAY Calibration wazdtaszianuudugr TunismmuneBunndawuaii e
$91 A2EINIAATITINNATALLL Partial Least Squares Regression (PLSR) WU41HANNT
o ] | ar ar [] ny Ed :J E 74
e wuuanaesildainanlnaiuaasiaatieinunlasuinliaunn Pathlength 1.0
a e d‘ ] ar [ 74 o] ot g O ar a} ] P i = [ o mdl U o
ladiuns NEunsdiuwsaiae s W usaNaLuR 1 (First derivative) HANANWINENANEAN
Usz@ndanduniug (Correlation coefficient; R) il 0.77 wazAfianataninsgiulunig
NAGBUANNT (Standard error of cross validation; SECV) W1l 0.42 log CFU/mI AdUAMY
- ot <24 e T of ot ' ) "
Tuns19 11 vielldunsEasayWusataui 1 aunsnasfywinisiinduetieasnaedan
nsganauuasasanlnain A liinanisfewiuiaessnnasy uaznudidinsinneay

'
° ar =

aIudleld Pathlength 0.1 fiadiuns Adun1sdFuwsianinaiufaedtoyiusandud 1

-~

39035 Standard normal variate (SNV) Tntilfinanisinunanafign Aa R = 0.88, SECV =
0.34 log CFU/ml (71974 9) yiailiilasnnainds SNV @runsadaslfumaiuuilsilsauaesnng
gAnAuLadilaFaurIInduiiasNnIaInNNIInssAsana luduinaieasiatiehana
induanayniaveslaiuuazeyninaug lufedraiiug 1w 16 Laz 16 udanans
=l = o ] o a ol @ = (84 = &
wrsuisuliinnuuaiie ludsegraiuadunliannimnmsifieadtuiasgium

Buninuenizeanldannnisminunsfqamaiia NIRS
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A5 9 magamwnmmiﬁmmt%LLuﬁm?ﬂﬂmﬂau‘IumuuTﬂm‘umnms

=, a 8 ooy a'l
AATITNAIEITNINTFIU (nsAnHIN 1)
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Sample type Minimum**  Maximum** Mean** SD. No.
100% milk — 0.1 PL* 3.27 5.49 4.35 0.52 44
100% milk — 1.0 PL* 3.14 5.49 4.31 0.54 46

waneLue: *0.1 PL: Pathlength 0.1 mm

1.0 PL: Pathlength 1.0 mm

**Unit: log CFU/ml

2 oy e < =3’ oy E=3
M54 10 mﬂgﬂmaﬂnm‘nfaaﬂ%mmﬁyfaLmﬂﬁwﬂﬂuLﬂfﬂu’lumuu‘tﬁﬂmmmi

a ¢ v A =
AATIZNAIEITNINTFIY (MSANHIN 2)

100% milk 50% milk 25% milk 10% milk
ltems
Calset Valset Calset Valset Calset Valset Cal set Val set
No. 50 25 50 25 50 25 50 25
Min* 3.01 3.27 3.02 3.14 3.02 3.14 3.5 3.22
Max* 5.96 5.79 5.86 5.78 6.23 6.15 6.57 6.49
Mean*® 4.42 4.48 4.38 4.39 4.52 453 4.67 4.67
sSD 0.63 0.62 0.60 0.62 0.70 0.70 0.79 0.77

waneme: Cal set: Calibration set /i NANATLLLIATABY

Val set: Validation set fia NGUNAGOUANNTT

*Unit: log CFU/ml
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71579 11 HAANNNNSILASIZNAEAE PLSR sasBunandauuaiidalusaasinainus
< ' v
(100%) NNuuA Pathlength A19NY

Sample type Factor R SEC** SECV** Bais RPD Pretreatment

100% milk-0.1PL*

6 0.77 0.36 0.45 -0.009 1.7 Raw spectra

3 0.65 0.42 0.44 -0.009 1.17 first derivative

4 0.61 0.43 0.47 0.002 1.09 second derivative

5 0.80 0.33 0.43 0.003 1.18 MSC

4 0.65 0.42 0.45 -0.004 1.15 SNV

8 0.88 0.27 0.34 -0.007 1.56 first derivative + SNV

6 0.80 0.34 0.40 -0.030 1.28 first derivative + MSC
100% milk-1.0PL*

5 0.72 0.40 0.44 -0.005 1.21 Raw spectra

4 0.77 0.36 0.42 -0.001 1.27 first derivative

1 0.52 0.45 0.46 -0.002 115 second derivative

4 0.72 0.37 0.41 0.021 1.26 MSC

3 0.74 0.38 0.44 -0.004 1021 SNV

5 0.67 0.38 0.46 0.003 1.14 first derivative + SNV

3 0.678 0.39 0.45 -0.007 1.19 first derivative + MSC

uN"eme: Factor: Afigampdaaiumailasunladlasainsdioyaaulnai
R: Correlation coefficient Ag AndaLlszAvisenAuRUESEC: Standard error of
calibration Ae AAANAIANIATT L LUNGNETNILIIAABN
SECV: Standard error of cross-validation Aa ARANAIANIATFILILNG
NAGALANNT
RPD: Ratio of standard deviation of reference data in validation set to SEP
Ad é’m‘ﬂmuﬁjmmtﬁmmummaﬁwummmiwmaauﬁﬂr»h SEP
*0.1 PL: Pathlength 0.1 mm uae 1.0 PL: Pathlength 1.0 mm
** Unit: log CFU/mI
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1 7
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v
o 1 A a o d’} =
SunA UL 10%, 25% WAy 50% wuanlss@nsnannisvinuneBunaideuuaiiGaann
o o” = ¥ JJ - o =
At nafuirunlpfundauaInIsiagadasiaua lussay 10% Was 25% HANAIY
- 5 e v o e TR R i
ARTALARUAINNNIR e IndlAseTuAe Harfianatauinsgulundunadauannis
(Standard error of prediction; SEP) 1l 0.34 uaz 0.37 log CFU/mI muanat Inaisaaeing
Y 10% uaz 25% Widanismiuanianuieivinuinnd Nl atiusiaattainuula
- .’/’ i 1 li?‘ D” ar
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AN579 12 HRAINNNSILASIENAL89 S PLSR a3 anuanidalufadnainu

Harandisdumie g
Sample type Factor R SEC* SEP* Bias RPD
10% milk 8 0.98 0.18 0.34 -0.024 1.92
25% milk 9 0.93 0.29 0.37 0.075 1.92
50% milk 10 0.92 0.29 0.46 -0.017 1.42
100% milk 10 0.89 0.41 0.45 -0.084 1.72

i tﬁ' v ar n:} 2 b4 o
wanen: Factor: Anfiaenadasiumsnlasuladlaseasieiioyaannniy

R: Correlation coefficient fia ANduLlszAnsanduiug

SEC: Standard error of calibration A® ﬂ"]'ﬁﬂWﬂ'mu'ma‘g’m'lun@:uﬁ’%N

LULRIABY

SEP: Standard error of prediction A AMAawaIANATINIUNGUNAGELIANNIT

RPD: Ratio of standard deviation of reference data in validation set to SEP Aa

AMFIEIUIBIANTERILUNIATFINLBINGUNAGBLIARAY SEP

*Unit; log CFU/mI
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ar ar ] Oy : 1 1 EJ v o o
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1 ar o o cai b7 ar ar 1 1 ar ]
Duldeaiy lngnan1sNIuIUeLLLANae97 LA naldnaiueedsansng WuIA2aENa
YU 25% srazinatiy 90 und Hisr@nnannisiauiafiududinga A1 R=0.90,

1 v 1
SEP=0.18 log CFU/mI waz RPD=2.04 uaadlumsns 14 lusnusiinumszauannudiudiv
. . iile 2\ Yooad  aa
50% Wiran1minnanudugntisanga (1919 15) istlanaiiissnanhahuniimeuuahise
. = N e ~ ; - = L . p o
wanagin weUnfidanuanEaasin sl aaRNLLUNINIA (Binary fission) WAZHIIAMW
W unnsutiaag (Generation time) uansreiulllunsiazalinvasdauuaiie Asa1aululyl
WYy 0 = 1 = : 7 dl =Y dil
lidndayanisganauuasludaeioa 90 ui azldurannnisulasumlasnanssueai@a
it LA o o ry P - o o v .
LuATBandanadanuFunaideiusiigainasmuiaiua lanenisnaINIniselingnid
~ o o u v = o= = aq ot -
90 U fmqmlﬂlmmz;;am?Qmnauu,mwmmmnma‘t,ﬂﬂﬂuu,ﬂmmmmaLmﬂmiﬂmwumlu
o o A o ey a1 - o e o e
Ynunleiu dannlifiiaaianuaaianaatlunisuAuduARSI LU LTBRL AN BT
1 23 L
Tutinual NN 18 wanemannduiusaan Fnmuuai o iaum 25% svaziaanii 90 Wi
|FaNN3BN1INTIRARLNNETIIMEATTENTG NIRS
o (] dy = = oy = 1 d si' 7
anuuusnaadlunimiua i ondenuan o lwirunlafy wueadaapaunld
o H l:l o 1 °l’ 1 1
T MrdinuLLAIaeINaNgaIefaet iU 25% sTazanlin 90 W (N 19) Aadad
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LA aaTNN L BN E e LUATREANTIATARLAINAIY WLIINNTAANAULAITILAY
d‘ - sa a ] o o diu == 4 o’l dl
Al 9351 uas 9157 om” HavisnasauuLA1aasnsinugdauuanizalmilauluinu g
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L1381 (Protiolytic) (Charnik-
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/15149 13 HAAINNI9ILASIZNAEAE PLSR aaet3unandauuaiidaludiadgiaitus

10% $2aZIALNANN )

Incubation time Factor R SEC* SEP* Bias RPD
(minute)

30 8 0.98 0.18 0.34 -0.024 1.92

60 8 0.91 0.32 0.46 -0.041 1.48

90 10 0.93 0.33 0.32 0.078 1.99

120 3 065 040 038 0085  1.32

wnneg: Factor: Aasaafesiunisi/asuulaslasaairadieyaaulnaiu

R: Correlation coefficient A8 ANdNlsz@nsandniug

SEC: Standard error of calibration Aa AMRANAIANIATFIUIUNGUATI

WUANADY

SEP: Standard error of prediction A Aiana1ANIRTFIUlUNGUNAGELANNTT

RPD: Ratio of standard deviation of reference data in validation set to SEP An

AnsdnuzasAlisuInI§uIINgUNAdaLIAan) SEP

*Unit: log CFU/m
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AN579 14 HRAINNNSIASIENA2EAE PLSR aauiunadanuafi@alusagiaiium

25% FETLIRTLNA )

Incubation time Factor R SEC* SEP* Bias RPD
(minute)

30 9 0.93 0.29 0.37 0.075 1.92

60 6 0.90 0.53 0.34 0.006 2.00

90 8 0.90 0.13 0.18 0.162 2.04

120 9 0.76 0.44 0.45 0.044 1.31

] A s o i b ar
wnnewme): Factor: Anfganadasiunsulanunladlassainiaysanlnaiy

R: Correlation coefficient A8 ArduseANSanduuS

SEC: Standard error of calibration A2 ANTHANRIANIATF Aulun duﬂ"i"w

WLANADY

SEP: Standard error of prediction A8 ANRARAIANIATIIUTINGUNAABLIANNT

RPD: Ratio of standard deviation of reference data in validation set to SEP A

AnsndougesAniisanasIUIBINgUNAGaUsaAT SEP

*Unit: log CFU/m
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A1519 15 HARINNTISIASIETE83E PLSR wastBanandanuaitidalusasiaiuy

50% SFEATLIRIUNAN 9

Incubation time Factor R SEC* SEP* Bias RPD
(minute)

30 10 0.92 0.29 0.46 -0.017 1.42

60 9 0.76 0.41 0.35 -0.032 1.53

90 10 0.84 0.24 0.27 0.110 1.67

120 3 0.57 0.55 0.46 -0.082 1.59

wanEme): Factor: Aaanadeanumslaaunlaslasigiedayasilnaiv

R: Correlation coefficient An ANANLT AV BaUANALS

SEC: Standard error of calibration A8 Artanataninsgiulungu #5149

WLLUANADY

SEP: Standard error of prediction fig ANHaNaIANIATFILIUNGUNAABLIANNNT

RPD: Ratio of standard deviation of reference data in validation set to SEP Aa

AnaganuIANDENILNNNATINTBNNENAREUFEAT SEP

*Unit: log CFU/ml
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Sample True Predict Difference Sample True Predict Difference

value value value value
1 327 3.81 -0.54 23 417 4.61 -0.44
2 342 3.56 -0.15 24 4.18 4.30 -0.12
3 3.69 3.98 -0.29 25 4.32 4.65 -0.33
4 3.70 4.30 -0.60 26 4.33 3.75 0.57
5 3.86 4.1 -0.25 27 442 5.16 -0.74
6 3.88 4.29 -0.41 28 4.43 4.44 -0.01
7 3.93 4.23 -0.30 29 4.51 5.22 -0.71
8 3.95 4.51 -0.55 30 4.62 4.40 0.22
9 3.96 3.88 0.08 31 4.73 4.40 0.34
10 3.96 4.26 -0.30 32 4.75 4.53 0.22
1 4.00 4.10 -0.10 33 4,76 3.98 0.77
12 4.01 4.03 -0.02 34 4.78 5.08 -0.31
13 4.01 3.93 0.08 35 4.94 4.30 0.64
14 4.04 4.24 -0.20 ' 36 4.94 4.44 0.50
15 4.04 4.29 -0.26 37 4.96 5.23 -0.27
16 4.08 21D 0.31 38 4.97 4.57 0.40
17 4,06 4.20 -0.14 39 5.02 4.78 0.24
18 4.08 3.69 0.39 40 5.03 4.34 0.69
19 4.08 4.30 -0.22 41 5.10 4.68 0.42
20 4.1 4,75 -0.64 42 5.18 4,72 0.46
21 4.1 4.45 -0.33 43 5.20 4.32 0.88
22 4.15 4.38 -0.23 44 5.49 4.66 0.83
AV 4.35 4.35 -0.01
SD 0.52 0.40 0.44
Min 3.27 3.56 -0.74
Max 5.49 5.23 0.88

n 44 44 44
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Sample True Predict | Difference Sample True Predict | Difference
value value value value
1 327 3.97 -0.70 23 4.17 4.15 0.01
2 3.42 3.75 -0.34 24 4.18 4.65 -0.48
3 3.69 4.62 -0.93 25 4.32 4.23 0.09
4 3.70 4.13 -0.43 26 4.33 3.74 0.59
5 3.86 Bi75 0.11 27 4.42 4.77 -0.35
6 3.88 4.43 -0.55 28 4.43 4.44 -0.01
7 3.93 4,22 -0.29 29 4.51 4.63 -0.12
8 8.95 4.53 -0.58 30 4.62 4.49 0.13
9 3.96 3.75 0.21 31 4.73 4.49 0.24
10 3.96 4.20 -0.24 32 4.75 4.28 0.47
11 4.00 4.09 -0.09 33 4.76 4.40 0.36
12 4.01 4.02 -0.01 34 4.78 4.98 -0.20
13 4.01 4.15 -0.14 35 4.94 4.32 0.62
14 4.04 4.44 -0.40 36 4.94 4.54 0.40
15 4.04 4.84 -0.81 37 4,96 4.42 0.54
16 4.06 4.22 -0.15 38 4.97 4.61 0.37
17 4.06 3.79 0.28 39 5.02 4.66 0.36
18 4.08 4.1 -0.03 40 5.03 4.39 0.64
19 4.08 4.58 -0.50 41 5.10 4.62 0.48
20 4.1 4.65 -0.5? 42 5.18 4,64 0.55
21 4.11 4.09 0.02 43 5.20 4.37 0.83
22 4.15 4.53 -0.38 44 5.49 4.93 0.56
AV 4.35 4.35 -0.01
SD 0.52 0.32 0.44
Min 3.27 3.74 -0.93
Max 5.49 4.98 0.83

n 44 44 44
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Allnnsumnae2s second derivative

Sample True Predict | Difference Sample True Predict | Difference
value value value value

1 3.27 4.22 -0.95 23 417 4.34 -O.E
-2 3.42 3.64 -0.23 24 4.18 4.63 -0.45
3 3.69 4.48 -0.79 25 4.32 4.39 -0.07
4 3.70 4.26 -0.57 26 4.33 3.78 0.55
5 3.86 4.36 -0.50 27 4.42 4.54 -0.13
6 3.88 4.58 -0.70 28 4.43 4.39 0.04
7 3.93 412 -0.19 29 4.51 4.37 0.14
8 3.956 4.54 -0.58 30 4.62 4.67 -0.04
9 3.96 4.06 -0.10 31 4.73 4.39 0.34
10 3.96 4.09 -0.12 32 4.75 4.39 0.36

1 4.00 4.07 -0.06 33 4.76 3.82 0.9?
12 4.01 4.23 -0.22 34 4.78 5.03 -0.25
1% 4.01 3.89 0.12 35 4.94 4.45 0.49
14 4.04 4.14 -0.11 36 4.94 4.45 0.49
15 4,04 4.78 -0.74 37 4.96 4.51 0.46
16 4.06 4.05 0.02 38 4.97 4.45 0.52

17 4.06 3.92 0.14 39 5.02 4.57 0.4;
18 4.08 4.21 -0.13 40 5.03 4.50 0.53
19 4.08 4.55 -0.47 41 5.10 4.63 0.47
20 4.11 4.49 -0.37 42 5.18 4.53 0.66
21 4.1 3.85 0.26 43 5.20 4.42 0.78
L 22 4.15 4.68 -0.54 B 44 5.49 4.66 0.83
AV 4.35 4.34 0.00
sD 0.52 0.29 0.47
Min 3.27 3.64 -0.95
Max 5.49 5.03 0.94



&

85

° = =4 1 = o 2
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a s a A= a a AT '
ABnmsgurasiunlafuidiaunn Pathlength 0.1 AALUAT TSI

Anasuaaeds MSC

Sample True Predict | Difference
value value

1 3.27 3.99 -0.71
2 3.42 3.53 -0.11
3 3.69 4.21 -0.52
4 3.70 q.71 -0.01
5 3.86 4.02 -0.16
6 3.88 4.04 -0.16
7 3.93 4.31 -0.38
8 3.95 4.55 -0.60
9 3.96 4.16 -0.20
10 3.96 4.61 -0.65
11 4.00 4.20 -0.20
12 4.01 4.20 -0.19
13 4.01 3.91 0.10
14 4.04 4.20 -0.16
15 4.04 4.44 -0.40
16 4.06 4.1 -0.05
17 4.06 4.10 -0.04
18 4.08 Bal7 0.90
19 4.08 4.24 -0.16
20 4.11 4.73 -0.61
21 4.1 4.09 0.02
22 4.15 4.25 -0.10

Sample True Predict | Difference
value value
23 417 4.40 -0.23
24 4.18 4.37 -0.19
25 4.32 4.54 -0.22
26 4.33 4.01 0.32
27 4.42 4.88 -0.47
28 4.43 4.30 0.13
29 4.51 4.77 -0.26
30 4.62 4.74 -0.1
31 4.73 4.03 0.71
32 4.75 4.34 0.41
33 4.76 4.12 0.64
34 4,78 4.63 0.15
35 4,94 4.23 0.71
36 4.94 4.59 0.35
37 4.96 5.29 -0.33
38 4.97 4.55 0.42
39 5.02 5.57 -0.55
40 5.03 4.28 0.75
M 5.10 4.42 0.68
42 5.18 4.94 0.24
43 5.20 4.78 0.43
44 5.49 4.59 0.90
AV 4.35 4.34 0.00
SD 0.52 0.42 0.44
Min 327 3.17 -0.71
Max 5.49 5.57 0.90
n 44 44 44
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Sample True Predict | Difference Sample True Predict | Difference
value value value value
1 3.27 4.20 -0.93 23 417 4.28 -0.11
2 3.42 3.73 -0.31 24 4.18 4.63 -0.46
3 3.69 4.43 -0.73 25 4.32 4.38 -0.06
4 3.70 4.06 -0.36 26 4.33 3.87 0.46
5 3.86 4.11 -0.26 27 4.42 4.70 -0.29
6 3.88 4.71 -0.83 28 4.43 4.40 0.03
7 3.93 4.14 -0.21 29 4.51 4.95 -0.45
8 3.95 4.44 -0.48 30 4.62 4.60 0.02
9 3.96 4.01 -0.05 31 4.73 4.51 0.23
10 396 3.99 -0.03 32 4.75 4.20 0.55
11 4.00 3.9 0.10 33 4.76 4.12 0.63
12 4.01 4.22 -0.21 34 4.78 4.63 0.15
13 4.01 3.92 0.09 35 4.94 4.47 0.47
14 4.04 4.34 -0.30 36 4.94 4.57 0.37
15 4.04 4.85 -0.81 37 4.96 4.40 0.56
16 4.06 4.15 -0.09 38 4.97 4.47 0.50
17 4.06 3.85 0.21 39 5.02 4.85 0.17
18 4.08 3.66 0.42 40 5.03 4.56 | . 0.47
19 4.08 4.62 -0.54 41 5.10 4.51 0.59
20 4.1 4.62 -0.50 42 5.18 4.75 0.43
21 4.1 373 0.38 43 5.20 472 0.49
22 4.15 4.50 -0.35 44 5.49 4.62 0.87
AV 4.35 4.35 0.00
SD 0.52 0.33 0.45
Min 3.27 3.66 -0.93
Max 5.49 4.95 0.87
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Sample True Predict | Difference
value value

1 3.27 4.03 -0.75
2 3.42 4.02 -0.60
3 3.69 4.33 -0.64
4 3.70 3.75 -0.05
5 3.86 3.91 -0.05
6 3.88 4.07 -0.19
7 3.93 4.15 -0.22
8 3.85 4.60 -0.65
9 3.96 3.93 0.03
10 3.96 4.17 -0.21
11 4.00 3.76 0.24
i 4.01 4.24 -0.23
13 4.01 4.05 -0.04
14 4.04 4.22 -0.18
15 4.04 4.02 0.02
16 4.06 4,18 -0.12
17 4.06 4.16 -0.09
18 4.08 4.06 0.02
19 4.08 4.35 -0.28
20 4.1 4.97 -0.86
21 4.1 4.06 0.06
22 4.15 4.11 0.03

Sample True Predict | Difference
value value
23 417 4.22 -0.05
24 4.18 4.40 -0.22
25 4.32 4.34 -0.02
26 4.33 4.18 0.15
27 4.42 4.85 -0.44
28 4.43 4.35 0.07
29 4.51 4.53 -0.03
30 4.62 4.91 -0.29
31 4.73 4.70 0.03
32 4,75 4.39 0.36
33 4.76 4.14 0.62
34 4.78 5.61 -0.83
35 4.94 4.61 0.33
36 4.94 4.32 0.62
37 4.96 4.94 0.03
38 4.97 4.70 0.28
39 5.02 5.04 -0.02
40 5.03 4.14 0.89
41 5.10 4.63 0.47
42 5.18 4.83 0.35
43 5.20 5.01 0.19
44 5.49 4.55 0.94
AV 4.35 4.37 -0.03
SD 0.52 0.39 0.40
Min 399 3.75 -0.86
Max 5.49 5.61 0.94
n 44 44 44
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Sample True Predict | Difference
value value

1 4.08 4.20 -0.116
2 3.95 4.02 -0.0636
3 4.15 4.28 -0.137
4 4.18 4.45 -0.276
5 4.94 4.34 0.601
6 4.96 5.23 -0.263
7 4.97 4.49 0.485
8 5.10 4.65 0.447
2 411 4.53 -0.42
10 5.18 4.83 0.356
11 4.42 4.73 -0.315
12 4.51 4.71 -0.206
i3 4.78 5.15 -0.367
14 3.70 3.48 0.221
15 3.69 4.33 -0.639
16 3.86 3.46 0.402
17 4.75 4.26 0.492
18 443 4.50 -0.0674
19 4.73 4.89 -0.162
20 4,32 4.82 -0.498
21 4.94 4.55 0.39
22 342 3.24 0.171

Sample True | Predict | Difference
value value
23 3.27 3.66 -0.388
24 4.17 4.1 0.0545
25 4.06 4.25 -0.186
26 4.04 4.23 -0.193
27 4.01 4.21 -0.203
28 4.76 4.30 0.457
29 3.86 3.96 -0.00179
30 393 4.34 -0.409
31 4.00 3.76 0.245
32 3.96 4.20 -0.238
33 4.01 3.83 0.178
34 4.08 4.20 -0.123
35 4.06 4.08 -0.0147
36 4.1 412 -0.001
37 4.33 4.24 0.0831
38 5.02 5.04 -0.0231
312, 4.04 4.18 -0.143
40 3.88 4.04 -0.155
41 5.20 5.29 -0.0916
42 4.62 5.07 -0.447
43 5.49 4.89 0.598
44 5.03 4.37 0.655
AV 4.35 4.35 -0.01
sD 0.52 0.47 0.33
Min 3.27 3.24 -0.64
Max 5.49 5.29 0.66
n 44 44 44
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‘)ﬁﬂ']ﬂ‘ig’]u’ﬂﬂﬁu'luNtﬂﬂﬂﬂﬁ“ﬂuﬁﬂ Pathlength 1.0 4RALNAT ﬂi&lﬂﬁuﬂ’]%‘

Usuussgilnnsy

Sample True Predict | Difference Sample True Predict | Difference

value value value value
1 3.14 3.91 -0.78 25 4.33 4.08 0.25
2 3.22 3.65 -0.43 26 4.35 4.09 0.26
3 3.27 3.74 -0.47 2T 4.42 4.24 0.18
4 3.42 372 -0.30 28 4.43 4.53 -0.10
5 3.70 417 -0.47 29 4.43 4.33 0.10
6 3.86 4.73 -0.88 30 4.45 4.69 -0.24
7 3.88 4.44 -0.56 31 4.51 4.44 0.06
8 3.93 4.38 -0.45 32 4,62 4.02 0.60
9 195 413 -0.17 33 4.65 4.94 -0.28
10 3.96 3.9 0.05 34 4.65 4.29 0.36
11 3.98 4.28 -0.31 35 4.73 4.79 -0.06
12 4.00 3.96 0.04 36 4.73 4.28 0.45
13 4.01 3.93 0.08 37 4.75 4.25 0.50
14 4.01 3.98 0.03 38 4.76 5.07 -0.32
15 4.04 3.74 0.29 39 4.78 4.92 -0.14
16 4.04 4.26 -0.22 40 4.94 4.36 0.58
17 4.06 5.00 -0.94 41 5.02 4.64 0.38
18 4.06 4.29 -0.22 42 5.03 4.32 0.7
19 4.08 4.01 0.06 43 5.17 4.65 0.51
20 4.11 4.07 0.04 44 5.19 5.13 0.06
21 4.1 4.16 -0.04 45 5.20 3.96 1.24
22 417 4.70 -0.54 46 5.49 4,98 0.51
23 4.24 4.44 -0.20 AV 4.31 4.31 0.00
24| 432|379 0.53 SD 054  0.39 0.44
Min 3.14 3.65 -0.94
Max 5.49 5.13 1.24



90

M1979 24 HANSYNUIELE L uANGaNIuNAaIn NIRS WAZAIAINNNSILASIERAE

oy s a ‘! o oo = s 1
AanInsgIuaasitualafunliauin Pathlength 1.0 Aadiuns Alsuusa

AnmAsuA28IE first derivative

Sample True Predict | Difference
value value

1 3.14 3.76 -0.62
2 3.22 3M -0.49
3 327 3.91 -0.64
4 3.42 3.94 -0.52
5 3.70 4.14 -0.44
6 3.86 4.25 -0.39
7 3.88 4.52 -0.63
8 3.93 3.78 B:15
9 3.96 3.60 0.36
10 3.6 3.83 0.14
11 3.98 4.49 -0.51
12 4.00 3.93 0.07
13 4.01 4.01 0.00
14 4.01 3.90 0.11
15 4.04 3.89 0.15
16 4.04 4.29 -0.25
17 4.06 4.63 -0.57
18 4.06 3.97 0.09
19 4.08 3.83 0.25
20 4.11 4.69 -0.57
21 4.11 3.89 0.23
22 4.17 4.63 -0.47
23 4.24 4.30 -0.05
24 4.32 3.90 0.42

Sample True Predict | Difference
value value
25 4.33 3.76 0.56
26 4.35 4.39 -0.04
27 4.42 4.78 -0.36
28 4.43 4.54 -0.11
29 4.43 4.53 -0.10
30 4.45 5.01 -0.56
31 4.51 4.94 -0.43
32 4.62 4.16 0.47
33 4.65 4.62 0.03
34 4.65 4.45 0.21
35 4.73 4.85 -0.12
36 473 4.46 0.27
37 4.75 4.36 0.39
38 4.76 4.50 0.25
39 4.78 4.88 -0.10
40 4.94 4.43 0.51
41 5.02 5.02 -0.01
42 5.03 4.62 0.41
43 5.17 4.37 0.79
44 5.19 4.74 0.45
45 5.20 4.20 1.00
46 5.49 4.83 0.66
AV 4.31 4.31 0.00
SD 0.54 0.40 0.42
Min 3.14 3.60 -0.64
Max 5.49 5.02 1.00
n 46 46 46



91

AN579 25 HANSYNUNEUENILLATITENIUNARIN NIRS WRZAIAINNISILASIZNAAE
ooy - o cio a o 2 o '
Asunsgruaaitunlafundiauin Pathlength 1.0 fadiuns NFuwsg

ALnmASuA28A8 Second derivative

Sample True Predict | Difference Sample True Predict | Difference
value value value value
1 3.14 3.98 -0.84 25 4.33 3.93 0.39
2 3.22 3.98 -0.75 26 4.35 4.41 -0.06
3 3.27 4.01 -0.74 27 4.42 4.51 -0.09
4 3.42 4.03 -b.61 28 4.43 4.33 0.09
5 3.70 3.89 -0.20 29 443 4.41 0.02
6 3.86 3.98 -0.12 30 4.45 4.51 -0.06
7 3.88 4.40 -0.52 31 4.51 4.53 -0.02
8 3.93 4.31 -0.38 32 4.62 4.40 0.23
g 3.96 4.30 -0.34 33 4.65 4.52 0.14
10 3.96 4.27 -0.30 34 4.65 4.39 0.27
11 3.98 4.52 -0.54 35 4.73 5.10 -0.37
12 4.00 4.28 -0.28 . 36 4.73 4.30 0.44
13 4.01 3.98 0.03 37 4.75 4.28 0.47
14 4.01 4.28 -0.27 38 4.76 4.54 0.22
15 4.04 3.98 0.06 39 4.78 5.05 -0.28
16 4.04 4.04 0.00 40 4.94 4.28 0.67
17 4.06 4.57 -0.51 41 5.02 4.64 0.37
18 |. 4.06 4.01 0.05 42 5.03 4.34 0.69
19 4.08 3.99 0.09 43 5.17 4.31 0.86
20 4.1 4.54 -0.43 44 5.19 4.99 0.20
21 4.1 3.97 0.15 45 5.20 3.93 1.27
22 417 4.54 -0.37 46 5.49 4.41 1.09
23 4.24 4.46 -0.21 AV 4.31 4.31 0.00
24 4.32 3.90 0.43 sD 0.54 0.30 0.47
Min 3.14 3.89 -0.84
Max 5.49 5.10 1.27

n 46 46 46
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A1519 26 Ban1sYugEunauuanEanaunnain NIRS LazA1INNI5ILASIENAAE

aa & a <= a o S jes '
’Jﬁuﬁm%‘g'}u‘ﬂ’mu']uu‘[ﬂﬂuwu"nu’lﬂ Pathlength 1.0 HRALNAT ‘Vl“].l‘a“l_ll,l.mﬁ

ALnmsNA289E MSC

Sample True Predict | Difference
value value

1 3.14 3.74 -0.60
2 3.22 3.43 -0.21
3 3.27 3.80 -0.53
4 3.42 3.85 -0.43
5 3.70 3.93 -0.23
6 3.86 4.21 -0.36
7 3.88 4.59 -0.71
8 3.93 4.12 -0.19
9 3.96 4.03 -0.07
10 3.96 4.22 -0.26
11 3.98 4.31 -0.34
12 4.00 4.04 -0.04
13 4.01 3.86 0.15
14 4.01 4.37 -0.36
15 4.04 3.85 0.18
16 4.04 4.41 -0.37
17 4.06 4.65 -0.59
18 4.06 4.14 -0.07
19 4.08 3.97 0.11
20 4.11 4.57 -0.46
21 4.1 3.76 0.35
22 417 4.62 -0.46
23 4.24 3.75 0.49
24 4.32 3.64 0.69

Sample True Predict | Difference
value value
25 4.33 3.76 0.56
26 4.35 413 0.22
27 4.42 4.71 -0.29
28 4.43 4.59 -0.16
29 4.43 4.25 0.18
30 4.45 4.87 -0.42
3 4.51 5.04 -0.54
32 4.62 4.12 0.50
33 4.65 4.68 -0.03
34 4.65 4.20 0.45
35 4.73 4.88 -0.15
36 4.73 4.45 0.28
37 4.75 4.33 0.42
38 4.76 4.51 0.25
39 4.78 4.77 0.01
40 | 4.94 4.36 0.58
4 5.02 4.77 0.25
42 5.03 4.63 0.40
43 5.7 4.39 0.77
44 5.19 4,73 0.45
45 5.20 417 1.04
46 5.49 5.02 0.48
AV 4.31 4.29 0.02
SD 0.54 0.40 0.43
Min 3.14 3.43 -0.71
Max 5.49 5.04 1.04
n 46 46 46
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o = & 1 =, d 3
A519 27 /ansvinugdsuniiuanEanIunnaIn NIRS LazA1RINNISILASIENADE

Afunsgruraniualafundiauin Pathlength 1.0 Aadiuns NilFuuns

Alnmasumq8s SNV

Sample True Predict | Difference
value value

1 3.98 4.49 -0.51
2 4.11 4.69 - -0.57
3 4.42 4.78 -0.36
4 4.45 5.01 -0.56
5 4.51 4.94 -0.43
6 4,73 4.85 -0.12
7 4.78 4.88 -0.10
8 5.19 4.74 0.45
9 3.14 3.76 -0.62
10 3.70 4.14 -0.44
11 3.86 4.25 -0.39
12 4.32 3.90 0.42
13 4.43 4.54 -0.11
14 4.73 4.46 0.27
15 4.75 4.36 0.39
16 4.94 4.43 0.51
17 5.17 4.37 0.79
18 3.22 3.7 -0.49
19 327 3.91 -0.64
20 3.42 3.94 -0.52
21 4.01 4.01 0.00
22 4.04 3.89 0.15
23 4.06 4.63 -0.57
24 417 4.63 -0.47

Sample True Predict | Difference
value value
25 4.65 4.62 0.03
26 4.76 4.50 0.25
27 3.93 3.78 0.15
28 3.96 3.60 0.36
2 3.96 3.83 0.14
30 4.00 3.93 0.07
31 4.01 3.90 0.1
32 4.06 397 0.09
33 4.08 3.83 0.25
34 4.1 3.89 0.23
35 4.33 3.76 0.56
36 3.88 4.52 -0.63
37 4.04 4.29 -0.25
38 4.62 4.16 0.47
39 5102 5.02 -0.01
40 5.03 4.62 0.41
41 5.20 4.20 1.00
42 5.49 4.83 0.66
43 4.24 4.30 -0.05
44 4.35 4.39 -0.04
45 4.43 4.53 -0.10
46 4.65 4.45 0.21
AV 4.31 4.31 0.00
SD 054  0.40 0.42
Min 3.14 3.60 -0.64
Max 5.49 5.02 1.00
n 46 46 46
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A1914 28 HANSVIUIEUS N ULLATIEaNINNAAIN NIRS WASAIAINNISILASIEANAE

oo & a e a o e '
’3ﬁﬂqﬁﬁgqumﬂeuquutﬁﬂuVIN’H‘H']FI Pathlength 1.0 HRALURAST ‘VHJ‘&“UI.WN

Alnmasumaensg first derivative 980U MSC

Sample True Predict | Difference
value value
1 3.14 3.79 -0.66
2 3.22 3.76 -0.54
3.27 387 -0.70
4 3.42 3.96 -0.54
5 3.70 4.07 -0.37
6 3.86 4.26 -0.40
7 3.88 4.45 -0.57
8 3.93 3.91 0.02
9 3.96 3.82 0.14
10 3.96 4.02 -0.06
11 3.98 4.45 -0.47
12 4.00 414 -0.14
13 4.01 4.07 -0.06
14 4.01 4.37 -0.36
15 4.04 3.81 0.23
16 4.04 4.40 -0.36
17 4.06 4.42 -0.36
18 4.06 4.02 0.05
19 4.08 3.92 0.16
20 4.1 4.67 -0.56
21 4.1 3.99 0.12
22 417 4.44 -0.28
23 4.24 4.21 0.03
24 4.32 3.84 0.48

Sample True Predict | Difference
value value
25 4.33 3.85 0.48
26 4.35 4.34 0.01
27 4.42 4.73 -0.32
28 4.43 4.38 0.04
29 4.43 4.40 0.03
30 4.45 4.91 -0.46
31 4.51 4.91 -0.40
32 4.62 4.32 0.30
33 4.65 4.51 0.15
34 4.65 4.34 0.32
35 4.73 5.28 -0.54
36 4,73 4.23 0.51
37 4.75 4.16 0.58
38 4.76 4.35 0.41
39 4.78 5.22 -0.44
40 4.94 4.21 0.73
41 5.02 5.03 -0.02
42 5.03 4.56 0.47
43 517 4.21 0.96
44 5.19 4.99 0.19
45 5.20 4.19 1.01
46 5.49 4.62 0.87
AV 4.31 4.31 -0.01
SD 0.54 0.38 0.45
Min 3.14 3.76 -0.70
Max 5.49 5.28 1.01
n 46 46 46



M15719 29 HANSVINUNgUT NI UATLS e

(73
ar

95

MINUAAIN NIRS lLﬂSﬁ’]’%’]ﬂﬂ'ﬁ'aLﬂ‘é"‘lZﬁﬁ‘lﬂ

aa ¥ a Ao a a LY i
'2ﬁ‘&l']ﬂﬁgﬂumﬂduﬂuuiﬂﬂUﬂu’nu’m Paihlength 1.0 HAALNRAT ‘VI‘LI‘EULLGN

#lnnsuA8IE first derivative 598N SNV

Sample True Predict | Difference
value value

1 3.14 4.19 -1.06
2 3.22 3.51 -0.28
3 3.27 3.68 -0.41
4 342 3.90 -0.48
5 3.70 4.28 -0.58
6 3.86 4.42 -0.56
7 3.88 4.58 -0.69
8 3.94 4.02 -0.09
9 3.96 4.19 -0.23
10 3.96 4.09 -0.13
11 3.98 4.01 -0.04
12 4.00 4.32 -0.32
18 4.01 3.89 0.12
14 4.01 4.40 -0.39
15 4,04 3.98 0.06
16 4.04 4.24 -0.21
17 4.06 4.67 -0.60
18 4.06 4.22 -0.16
19 4.08 3.41 0.67
20 4.1 4.36 -0.24
21 4.1 4.06 0.06
22 4.17 4.54 -0.38
23 4.24 3.92 0.32
24 4.32 3.62 0.70

Sample True Predict | Difference
value value
25 4.33 3.51 0.82
26 4.35 4.02 0.33
27, 4.42 4.64 -0.22
28 4.43 4,50 -0.07
29 4.43 4.39 0.04
30 4.45 5.24 -0.79
31 4.51 4.89 -0.38
32 4.62 4.44 0.18
33 4.85 4.42 0.23
34 4.65 4.32 0.34
35 4.73 4.84 -0.11
36 4.73 4.45 | 0.28
37 4.75 4.55 0.20
38 4.76 4.43 0.33
39 4.78 4.99 -0.21
40 4.94 4.41 0.53
41 5.02 4.98 0.04
42 5.03 4.57 0.46
43 5.17 4.15 1.02
44 5.19 4.78 0.40
45 5.20 4.16 1.04
46 5.49 4.88 0.61
AV 4.31 4.31 0.00
SD 0.54 0.41 0.47
Min 3.14 3.41 -1.05
Max 5.49 5.24 1.04
n 46 46 46
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AN979 30 BAaN1sYUnadsunnuANGaNanuaAan NIRS WAZANRINNNSILASIZAAE

Atunsgruaasiunlazau lundu Calibration

Sample True Predict | Difference
value value

1 3.02 3.22 -0.20
2 3.22 3.71 -0.48
3 3.29 3.24 0.04
4 3.42 0 0.21
5 3.70 3.96 -0.26
6 3.76 4.02 -0.26
7 3.88 4.04 -0.16
8 3.93 4.32 -0.39
9 3.96 3.91 0.05
10 3.96 4.16 -0.19
1 4.00 4.13 -0.13
12 4.00 3.98 0.03
13 4.01 3.98 |- 0.04
14 4.04 4.30 -0.26
15 4.06 4.68 -0.62
16 4.06 3.81 0.26
17 4.08 4.01 0.07
18 4,11 4.47 -0.36
19 417 3.61 0.56
20 4.18 4.23 -0.05
21 4.20 4.19 0.01
22 4.22 4.42 -0.20
23 4.26 4.36 -0.11
24 4.29 4.89 -0.59
25 4.32 4.27 0.06
26 4.33 4.06 0.27
27 4.40 453 -0.13

Sample True Predict | Difference
value value
28 4.40 4.23 0.17
29 4.43 4.63 -0.20
30 ~4.45 4.41 0.04
3N 4.49 4.42 0.07
32 4.51 4.28 0.23
33 4.65 4.77 -0.12
34 4.72 4.23 0.49
35 4.75 4.49 0.26
36 4.76 4.54 0.22
37 4.87 5.44 -0.57
38 4.88 4.65 0.23
39 4.96 5.21 -0.30
40 4.97 4.86 0.11
41 5.02 5.06 -0.04
42 5.10 4.84 0.26
43 &M 4.72 0.39
44 5.15 5.40 -0.26
45 5.17 5.02 0.16
46 5.18 5.05 0.14
47 5.36 5.22 0.14
48 5.49 5.17 0.32
49 5.78 5.37 0.41
50 5.96 5.29 0.67
AV 4.42 4.42 0.00
SD 0.63 0.56 0.29
Min 3.02 3.21 -0.62
Max 5.96 5.44 0.67
n 50 50 50
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A1919 31 HangynwalSunauuARFanIuunaIn NIRS Ltﬂzﬁ’IQﬁﬂﬂ’lﬁ‘aLﬂ‘iﬂ:ﬂﬁﬁ‘!ﬂ

Jsunsgruaanihunlafyu lunga Validation

Sample True Predict | Difference
value value
51 3.27 3.67 -0.40
52 3.69 412 -0.43
53 3.85 3.55 0.30
54 3.95 4.25 -0.30
55 3.98 4.00 -0.02
56 4.01 3.95 0.06
57 4.04 414 -0.10
58 4.06 4.34 -0.28
59 4.1 4.23 -0.11
60 4.18 4.81 -0.63
61 4.23 4.45 -0.22
62 4.30 4.25 0.05
63 4.40 4.34 0.06

Sample True Predict | Difference
value value
64 4.42 4.64 -0.23
65 4.47 4.68 -0.21
66 4.62 4.19 0.43
67 4.73 4.48 0.25
68 4.78 5.46 -0.69
69 4.94 4.67 0.27
70 5.01 5.46 -0.45
7 5.11 5807 -0.16
72 517 4.53 0.63
73 5.28 5.36 -0.08
74 5.70 5.03 0.67
75 5.79 6.31 -0.53
AV 4.48 4.57 -0.08
SD 0.61 0.62 0.35
Min 3.27 3.55 -0.69
Max 5.79 6.31 0.67
n 25 25 25
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AN54 32 Han1sYnunglE NN uARIENauNAan NIRS WASAIAINNNSILASIENAE

FBumsFINURNIUN 10% TeaziaaLin 30 U1 Tunga Calibration

Sample True Predict | Difference
. value value

1 3.27 3.10 0.17
2 3.70 3.81 -0.11
3 3.76 3.92 “-0.15
4 3.86 4.04 -0.19
5 3.88 4.01 -0.13
6 3.95 4.00 -0.04
7 3.96 3.91 0.04
8 3.98 4.21 -0.24
9 4.00 413 -0.13
10 4.01 3.99 0.02
1 4.01 3.95 0.07
12 4.04 4.12 -0.07
13 4.06 4.07 -0.01
14 4.06 4.31 -0.24
15 4.08 4.06 0.01
16 4.11 4.34 -0.23
17 4.11 4.15 -0.03
18 417 3.92 0.25
19 4.18 3.96 0.22
20 4.22 4.27 -0.05
21 4.23 4.23 0.00
22 4.29 4.24 0.05
23 4.30 4.26 0.04
24 4.33 4.42 -0.09
25 4.40 4,28 0.12
26 4.40 4.40 0.00
27 4.42 4.29 0.13

Sample True Predict | Difference
value value
28 4.47 4.38 0.09
29 4.49 4.38 0.1
30 4.62 4.69 -0.07
31 4.65 4.73 -0.07
82 473 4.89 -0.16
33 4.75 4.85 -0.11
34 4.78 4.68 0.10
35 4.87 4.86 0.01
36 4.94 4.68 0.26
37 4.94 5.06 -0.12
38 4.97 4.69 0.29
39 4.98 4.95 0.03
40 5.02 4.92 0.10
41 5.03 517 -0.09
42 5.10 5.00 0.10
43 5.11 5.48 -0.37
44 517 5.01 0.16
45 5.17 5.05 0.12
46 5.20 5.10 0.1
47 5.28 5.43 -0.15
48 5.88 5.76 0.12
49 6.20 6.25 -0.05
50 6.56 6.38 0.17
AV 4.53 4.53 0.00
SD 0.64 0.62 0.14
Min 3.27 3.10 -0.37
Max 6.56 6.38 0.29
n 50 50 50
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A1579 33 Ban1sYNUIEUS LA B anaunaain NIRS RazANAINN15ALASIERRE

ABRTFIUVRNIUN 10% FEaziaaLiu 30 wH lunga Validation

Sample True Predict | Difference
value value
51 3.42 3.22 0.19
52 3.85 4.49 -0.64
53 3.93 3.81 0.12
54 3.96 4.30 -0.33
55 4.00 4.29 -0.28
56 4.04 4.25 -0.21
57 4.06 4.30 -0.24
58 4.08 4.52 -0.44
59 4.15 4.31 -0.16
60 4.18 4.16 0.03
61 4.26 4.21 0.04
62 4.32 4.29 0.03
63 4.40 4.51 -0.11

Sample True Predict | Difference
value value
64 4.43 4.83 -0.40
65 4.51 4.52 -0.02
66 4.72 4.58 0.15
67 4.76 4.82 -0.07
68 4.88 5.19 -0.31
69 4.96 4.65 0.32
70 5.01 4.76 0.26
71 5.08 5.02 0.06
72 5.15 520 -0.15
73 5.18 4.49 0.69
74 5.45 5.36 0.09
75 6.26 5.49 0.78
AV 4.52 4.55 -0.02
SD 0.62 0.50 0.32
Min 3.42 3.22 -0.64
Max 6.26 5.49 0.78
n 50.00 50.00 50.00
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AN519 34 BANSYMTUIElE N auUATEeauNAaIn NIRS BazA1AINNISILATIZRAE

AENNTFINVBIUIUN 10% szaIzLIATIN 60 WIH lungu Calibration

Sample True Predict | Difference
value value

1 3.14 2.79 0.34
2 3.15 3.60 -0.45
3 3.42 3.52 -0.10
4 3.70 3.83 -0.13
5 3.85 307, 0.08
6 3.86 4.14 -0.28
7 3.93 3.95 -0.02
8 3.95 4.04 -0.08
9 3.96 3.76 0.21
10 3.98 4.26 -0.28
i 4.00 3.83 0.17
12 4.01 4.16 -0.15
13 4.04 411 -0.07
14 4.04 4.46 -0.42
15 4.08 3.97 0.09
16 4.06 4.1 -0.04
17 4.08 4.15 -0.07
18 4.1 4.33 -0.21
19 4.15 4.24 -0.09
20 417 4.52 -0.35
21 4.20 4.67 -0.47
22 4.22 413 0.09
23 4.26 4.50 -0.24
24 4.29 4.43 -0.14
25 4.33 4.33 0.00
26 4.40 4.29 0.1
27 4.40 411 0.29

Sample True Predict | Difference
value value
28 4.42 4.33 0.08
29 4.47 4.54 -0.07
30 4.49 4.90 -0.41
31 4.62 4.45 0.17
32 4.65 4.35 0.31
33 4.73 4.52 0.21
34 4.75 4.47 0.28
35 4.78 4.99 -0.21
36 4.87 5.10 -0.23
37 4.94 4.85 0.09
38 4.96 5.16 -0.20
39 4.98 5.14 -0.16
40 5.01 4.61 0.41
41 5.03 5.02 0.01
42 5.08 5.15 -0.07
43 5.11 4.82 0.30
44 5.15 5.34 -0.19
45 5.18 4.85 0.34
46 5.20 5.19 0.01
47 5.36 4.79 0.58
48 5.45 5.03 0.42
49 5.79 5.23 0.56
50 6.20 6.20 0.00
AV 4.46 4.46 0.00
SD 0.63 0.58 0.26
Min 3.14 2.79 -0.47
Max 6.20 6.20 0.58
n 50 50 50
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AN579 35 HANTSYNRIEUS ML UATEENInNAaIN NIRS WAEAIAINNISILATIERAE

ABamsgruaninig 10% szaziaatia 60 w17 lungu Validation

Sample True Predict | Difference Sample True Predict | Difference
value value value value
51 3.29 4.35 -1.07 64 4.45 4.52 -0.07
52 3.76 3.70 0.06 65 4.51 4.82 -0.31
53 3.88 4.58 -0.70 66 4.72 4.41 0.32
54 3.96 3.84 0.12 67 4.76 5.23 -0.47
55 4.00 4.55 -0.55 68 4.88 5.47 -0.59
56 4.01 3.84 0.18 69 4.97 4.55 0.42
57 4.08 4.44 -0.38 70 5.02 5:21 -0.19
58 4.08 3.95 0.13 71 5.10 5.14 -0.04
59 4.1 4.09 0.02 72 517 4.82 0.35
60 4.18 373 0.46 73 5.28 5.57 -0.29
61 4.23 4.14 0.09 74 5.78 4.96 0.82
62 4.30 | 4.20 0.10 75 5.86 5.46 0.40
63 4.40 4,22 0.18
AV 4.51 4.55 -0.04
sD 0.63 0.57 0.43
Min 3.29 3.70 -1.07
Max 5.86 5.57 0.82
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A15149 36 HANISYUNELS NN MLUATIE MUK AN NIRS BAZAIRINNGILATIERAE

FBNRsIvIaNUN 10% zeizlaa U 90 W% lungu Calibration

Sample True Predict | Difference
value value

1 3.15 3.59 -0.44
2 3.27 3.22 0.05
3 3.42 4.07 -0.66
4 3.76 3.70 0.06
5 3.86 3.89 -0.03
6 3.93 4.28 -0.35
7 3.95 4.39 -0.44
8 3.98 4.24 -0.26
9 4.00 3.97 0.03
10 4.01 4.50 -0.49
1" 4.04 4.38 -0.35
12 4.06 3.63 0.43
13 4.06 4.18 -0.12
14 4.11 4.16 -0.04
15 4.15 417 -0.02
16 4.18 4.50 -0.32
17 4.18 4.74 -0.56
18 4.23 4.81 -0.58
19 4:26 4.25 0.01
20 4.32 4.23 0.09
21 4.33 4.29 0.04
22 4.40 4.50 -0.10
23 4.42 4.22 0.20
24 4.45 4.68 -0.23
25 4.49 4.55 -0.06
26 4.62 5.05 -0.43
27 4.65 4.23 0.42

Sample True Predict | Difference
value value
28 4.73 4.41 0.33
29 4.75 4.65 0.10
30 4.78 4.60 0.18
31 4.87 4.61 0.26
32 4.94 4.82 0.12
33 4.96 4.76 0.21
34 4.98 5.25 -0.27
35 5.01 5.03 -0.02
36 5.03 4.36 0.67
37 5.08 5.45 -0.38
38 5.11 4.58 0.53
39 5.15 4.32 0.83
40 517 5.26 -0.08
41 5.18 5.34 -0.16
42 5.28 5.48 -0.20
43 5.36 5.79 -0.43
44 5.78 5.11 0.67
45 579 5.50 0.28
46 5.88 5.31 0.57
47 6.15 5.30 0.85
48 6.26 6.21 0.05
49 6.40 6.22 0.18
50 6.56 6.70 -0.14
AV 4.67 4.67 0.00
SD 0.79 0.70 0.37
Min 3.15 3.22 -0.66
Max 6.56 6.70 0.85
50 50 50
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M99 37 HAMSYIRELSINMLLATIEaNansAaIN NIRS BWAZAIAINNNSILASIEN

ARENBNIATFINUBIUUN 10% FTE1IRLIN 90 w19 lungu Validation

Sample True Predict | Difference
value value
51 3.22 3.57 -0.34
52 3.70 3.80 -0.10
53 3.88 4.1 -0.23
54 3.96 4.05 -0.09
55 4.01 3.78 0.23
56 4.04 4.78 -0.74
57 4.08 4.19 -0.11
58 417 4.33 -0.16
59 4,22 4.46 -0.23
60 4.30 4.55 -0.25
61 4.40 3.78 0.62
62 4.43 4.11 0.32
63 4.51 4.54 -0.04

Sample True Predict | Difference
value value
64 4.72 4.36 0.36
65 4.76 4.93 -0.17
66 4.88 4.42 0.46
67 4.97 4.42 0.55
68 5.02 5.24 -0.23
69 5.10 4.92 0.18
70 5.17 4.65 0.52
71 5.20 5.49 -0.28
72 5.45 4.80 0.65
73 5.86 6.12 -0.27
74 6.23 5.47 0.76
75 6.49 5.85 0.54
AV 4.67 4.59 0.08
sD 0.79 0.66 0.40
Min 3.22 3.57 -0.74
Max 6.49 6.12 0.76
n 25 25 25
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A1519 38 HANTHTUNLSNIURLANETENINNARIN NIRS WAZAIRINNNSILATIENAE
A8UATFIUVRNIUN 10% Feziaaiy 120 ur¥ lunau Calibration

Sample True Predict | Difference Sample True Predict | Difference
value value value value

1 3.02 2.69 0.34 28 4.40 417 0.23
2 3.14 3.48 -0.35 29 4.43 4.75 -0.32
3 3.42 4.41 -0.99 30 4.45 4.58 -0.13
4 3.69 4.46 -0.77 31 4.49 4.46 0.03
5 3.76 4.31 -0.55 32 4.51 4.61 -0.10
6 3.85 4.43 -0.58 33 4.65 4.41 0.24
7 3.88 4.51 -0.63 34 4.72 4.19 0.53
8 3.93 4.47 -0.54 35 4.75 4.62 0.13
9 3.96 4.57 -0.61 36 4.76 4.39 0.37
10 3.96 443 -0.47 37 4.87 4.67 0.20
i 4.00 4.19 -0.19 38 4.88 A1 0.1
12 4.00 4.51 -0.50 39 4.94 4.69 0.25
13 4,01 4.14 -0.12 40 486 |° 4.77 0.20
14 4.04 4.32 -0.28 41 4.98 4.52 0.46
15 4.06 4.67 -0.60 42 5.02 4.62 0.40
16 4.06 4.21 -0.14 43 5.08 4.76 0.32
17 4.08 4.12 -0.04 44 5.10 4.56 0.54
18 4.08 3.75 0.33 45 5.15 4.42 0.72
19 4.15 3.86- 0.29 46 547 4.44 0.73
20 417 4.62 -0.45 47 5.19 4.92 0.26
21 4.18 4.59 -0.41 48 5.28 4.44 0.84
22 4.20 4.08 0.12 49 5.45 5.14 0.31
23 4.23 4.30 -0.07 50 5.96 4.88 1.08
24 4.26 4.58 -0.32 AV 4.41 4.41 0.00
25 4.30 4.34 -0.03 SD 0.59 0.38 0.45
26 4.32 4.34 -0.02 Min 3.02 2.69 -0.99
27 4.40 4.21 0.20 Max 5.96 5.14 1.08

n 50 50 50



105

AN519 39 HANNSYRIEUS L UATIEENIUNAaIN NIRS LAZAIRINNNSILAGIEN

AREAENINSFINTDNUNUN 10% Fraziaanin 120 w1 lunga Validation

Sample True Predict | Difference
value value
51 3.22 3.40 -0.18
52 3.70 4.29 -0.59
53 3.86 4.27 -0.41
54 3.95 3.93 0.02
55 3.98 4.10 -0.12
56 4.01 4.22 -0.21
57 4.04 4.31 -0.27
58 4.06 4.71 -0.64
59 4.1 4.25 -0.13
60 4.18 3.95 0.23
61 4.22 4.48 -0.26
62 4.29 4.37 -0.08
63 4.33 4.30 0.03

Sample True Predict | Difference
value value
64 4.42 4.70 -0.28
65 4.47 4.41 0.06
66 4.62 4.47 0.16
67 4.73 4,95 -0.22
68 4.78 4.90 -0.12
69 4.94 4.53 0.41
70 4.97 4.55 0.43
71 5.03 4.49 0.54
72 5.11 4.39 0.72
73 5.17 4.42 0.75
74 5.36 4.75 0.61
75 5.78 4.80 1.18
AV 4.45 4.39 0.06
SD 0.59 0.33 0.45
Min 3.22 3.40 -0.64
Max 5.78 4.95 1.18
n 25 25 25
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AN919 40 HAN1SYNNgLE NN LATIETaNINNAaIN NIRS LazAIAINNISALASIEAQE

BRsFIUTRNUUN 25% FEEzI9a1iN 30 W1F Tunga Calibration

Sample True Predict | Difference
value value

1 3.02 3.45 -0.43
2 3.156 3.78 -0.64
3 3.29 3.80 -0.51
4 3.42 3.16 0.26
5 3.70 3.98 -0.28
6 3.76 4.34 -0.58
7 3.88 3.86 0.02
8 3.93 3.99 -0.06
9 3.96 3.85 0.1
10 3.98 4.33 -0:35
11 4.01 3.73 0.28
12 4.01 4.30 -0.29
13 4.04 3.84 0.21
14 4.06 4.27 -0.21
15 4.06 4.46 -0.40
16 4.08 4.50 -0.42
17 4.15 3.65 0.50
18 418 4.33 -0.16
19 4.20 4.25 -0.05
20 4.23 3.47 0.76
21 4.30 3.95 0.35
22 4.32 4.23 0.09
23 4.40 4.57 -0.17
24 4.40 4.43 -0.03
25 4.47 5.02 -0.55
26 4.49 4.52 -0.03
27 4,72 4.78 -0.06

Sample True Predict | Difference
value value
28 4.73 4.54 0.19
29 4.76 4.74 0.02
30 4.78 5.01 -0.23
31 4.88 4.49 0.39
32 4.94 5.11 -0.17
33 4.96 5.05 -0.09
34 4.97 4.48 0.50
35 5.01 4.83 0.19
36 5.02 4.72 0.30
37 5.10 5.23 -0.13
38 5:11 5.39 -0.28
39 5.17 542 0.05
40 517 4.71 0.47
41 5.20 4.99 0.21
42 5.28 5.60 -0.22
43 5.70 5.18 0.52
a4 549 5.49 0.30
45 5.88 5.63 0.25
46 5.95 6.02 -0.06
47 6.15 5.68 0.48
48 6.26 6.51 -0.25
49 6.49 6.25 0.24
50 6.74 6.77 -0.03
AV 4.65 4.65 0.00
SD 0.86 0.79 0.33
Min 3.02 3.16 -0.64
Max 6.74 6.77 0.76
n 50 50 50
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51519 41 HANSYINUNEUS I L UATIFENauNAaIN NIRS LAazA1IRINNI9LASIERAYE

ABunsFIUIRNIUN 25% Fzaziaaniy 30 wri lungu Validation

Sample True Predict | Difference
value value
51 3.27 3.95 -0.68
52 3.69 4.19 -0.50
53 3.86 3.92 -0.07
54 3.96 3.4 0.55
55 4.00 3.67 0.33
56 4.04 4.46 -0.42
57 4.06 3.78 0.29
58 4.11 3.41 0.70
59 4.18 4.06 0.12
60 4.26 4.04 0.22
61 4.40 4.81 -0.41
62 4.42 4.72 -0.30
63 4.51 4.96 -0.46

Sample True Predict | Difference
value value
64 4.75 4.71 0.04
65 4.87 5.06 -0.19
66 4.94 4.41 0.54
67 4.98 4.90 0.08
68 5.08 5.14 -0.06
69 518 5.08 0.07
70 5.18 5.14 0.04
71 5.36 4.55 0.82
72 5.86 6.24 -0.38
73 5.96 5.10 0.86
74 6.33 6.26 0.06
75 6.56 b.93 0.63
AV 4.71 4.64 0.08
SD 0.84 0.79 0.44
Min 3.27 3.41 -0.68
Max 6.56 6.26 0.86
n 25 25 25
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AN519 42 BAan1SYuElTananuAREanInNaann NIRS LaZAIRINNSILASIZRADE

A8UMTFINUBNUUN 25% F2aziIaN1IN 60 1% lunga Calibration

Sample True Predict | Difference
value value

1 3.02 3.87 -0.85
2 322 3.40 -0.18
3 3.42 4.06 -0.65
4 3.70 4.46 -0.76
5 3.76 4.36 -0.60
6 3.86 3.71 0.15
7 3.88 3.66 0.22
8 3.95 4.57 -0.61
9 3.96 3.98 -0.02
10 3.98 4.46 -0.48
11 4.00 4.52 -0.52
12 4.01 4.90 -0.89
13 4.04 4.68 -0.65
14 4.06 3.85 0.21
15 4.06 4.52 -0.45
16 4.08 4.49 -0.41
17 4.1 4.06 0.05
18 4.15 3.93 0.22
19 4.17 4.84 -0.67
20 4.20 4.13 0.07
21 4.22 4.45 -0.22
22 4.26 5.10 -0.85
23 4.29 4.82 -0.53
24 4.32 4.06 0.26
25 4.33 3.77 0.55
26 4.40 4.38 0.03
27 4.42 4.23 0.18

Sample True Predict | Difference
value value
28 4.47 4.13 0.34
29 4.49 4.55 -0.06
30 4.62 4.83 -0.21
31 4.65 5.01 -0.35
32 4.73 4.18 0.55
33 4.76 5.13 -0.38
34 4.88 4.36 0.52
35 4.94 5.16 -0.22
36 4.96 4.61 0.35
37 4.97 5.06 -0.09
38 5.02 4.66 0.35
39 5.03 4.40 0.63
40 5.11 4.59 0.52
41 5015 4.75 0.40
42 51 4.65 0.53
43 5.18 4.79 0.39
44 5.28 4.62 0.66
45 5.36 4.95 0.41
46 5.49 5.12 0.37
47 5.70 517 0.53
48 5.86 552 0.34
49 5.96 4.72 1.24
50 6.23 5.66 0.58
AV 4.52 4.52 0.00
SD 0.70 0.49 0.50
Min 3.02 3.40 -0.89
Max 6.23 5.66 1.24
n 50 50

50
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AN979 43 RansvunalEnauuaRiFanauNaaIn NIRS WasA1AINNI5ILASIZRNQE

FBnsFINRNUN 25% TEaziaantin 60 ¥ lungu Validation

Sample True Predict | Difference
value value
51 3.14 3.86 -0.73
52 3.69 3.60 0.09
53 3.85 4.42 -0.57
54 3.93 4.43 -0.50
55 3.96 3.96 0.00
56 4.00 4.15 -0.14
57 4.04 4.29 -0.256
58 4.08 3.91 0.17
59 4.11 3.71 0.40
60 418 3.94 0.24
61 4.23 3.87 0.36
62 4.30 4.45 -0.15
63 4.40 477 -0.37

Sample True Predict | Difference
value value
64 4.43 4.07 0.36
65 4.51 4.42 0.09
66 4.72 5.21 -0.49
67 4.87 5.2 -0.34
68 4.94 4.55 0.39
69 4.98 4.89 0.09
70 5.08 4.64 0.44
71 5.17 4.72 0.44
72 5.20 5.16 0.04
73 5.45 5.08 0.37
74 5.79 5.81 -0.02
75 6.15 5.96 0.20
AV 4.53 4.52 0.01
SD 0.70 0.63 0.35
Min 3.14 3.60 -0.73
Max 6.15 5.96 0.44
n 25 25 25
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AN919 44 HANTYNUNEUEHAIULLATIEENINNARIN NIRS BWAZAIAINNISILASIERAE)

HATFIUVRUIUN 25% srEziaaLin 90 U Tunga Calibration

Sample True Predict | Difference
value value

1 3.22 3.33 -0.11
2 3.27 3.12 0.15
3 3.69 3.73 -0.04
4 3.70 3.83 -0.14
5 3.85 4.05 -0.21
6 3.86 4.24 -0.38
7 3798 3.44 0.49
8 3.95 3.97 -0.02
9 3.96 4.20 -0.23
10 4.00 4.29 -0.29
1" 4.01 4.05 -0.04
12 4.01 4.12 -0.11
13 4.04 4.07 -0.02
14 4.06 4.53 -0.47
15 4.06 4.49 -0.43
16 4.08 590 0.08
17 4.11 4.20 -0.09
18 4.15 4.61 -0.47
19 4.18 4.36 -0.18
20 4.18 4.76 -0.58
21 4,22 4.35 -0.12
22 4.26 4.23 0.03
23 4.30 4.1 0.19
24 4.32 4.64 -0.31
25 4.40 4.30 0.10
26 4.40 4.23 0.17
27 4.42 4.85 -0.43

Sample True Predict | Difference
value value
28 4.43 4.43 0.00
29 4.49 4.45 0.04
30 4.51 4.30 0.20
31 4.72 4.58 0.14
32 4.73 4.92 -0.18
33 4.76 4.43 0.33
34 4.87 4.72 0.15
35 4.94 5.08 -0.14
36 4.94 4.71 0.23
37 4.97 4.75 0.22
38 4.98 4.84 0.13
39 5.02 5.02 0.00
40 5.03 5.31 -0.28
41 5.10 4.79 0.32
42 5.11 4.48 0.63
43 Gl17 4.71 0.46
44 5.17 5.03 0.14
45 5.20 4.96 0.24
46 5.28 4.90 0.38
47 5.45 5.48 -0.04
48 5.49 5.14 0.35
49 5.78 5.74 0.04
50 5.79 5.69 0.10
AV 4.49 4.49 0.00
SD 0.61 0.54 0.27
Min 3.22 3.12 -0.58
Max 5.79 5.74 0.63
n 50 50 50
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M15719 45 Ban1sigl L uANEanIuNaAaIn NIRS WAaZA1RINNNSILASIZRAYS]
FBNIATFIUTBNUN 25% FeElaaTiN 90 w¥ Tungu Validation

Sample True Predict | Difference Sample True Predict | Difference
value value value value
51 3.42 3.41 0.01 64 4.47 4.10 0.37
52 3.76 4.41 -0.65 65 4.62 4.34 0.28
53 3.88 3.98 -0.10 66 4.75 4.08 0.67
54 3.96 3.90 0.06 . 67 4.88 5.11 -0.23
55 4.00 4.02 -0.01 68 4.96 4.85 0.12
56 4.04 3.80 0.24 69 5.01 4.99 0.02
57 4.06 3.91 0.15 70 5.08 5.02 0.06
58 4.08 4.05 0.03 7 5.15 4.63 0.52
59 417 3.54 0.63 72 5.18 4.89 0.30
60 4.20 4.23 -0.04 73 5.36 5.00 0.36
61 4.29 4.46 -0.16 74 5.70 5.10 0.60
62 4.33 4.28 0.05 75 5.86 5.26 0.60
63 4.40 4.23 0.17
AV 4.54 4.38 0.16
sSD 0.63 0.53 0.31
Min 342 3.41 -0.65
Max 5.86 5.26 0.67
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A15749 46 HaNISYNUNELS I nnuAT S anauuaann NIRS WazA1AINNNSALASIERALE

TNINTFIUABIUUN 25% szaIzI9a11) 120 W9 lungau Calibration

Sample True Predict | Difference
value value

1 3.02 4.13 -1.11
2 3.22 3.48 -0.26
3 3.27 3.05 0.22
4 3.89 3.96 -0.27
5 3.76 3.85 -0.08
6 3.86 3.59 0.27
7 3.88 3.93 -0.05
8 3.95 4.32 -0.36
9 3.96 4.13 -0.17
10 3.98 4.21 022
11 4.00 4.34 -0.34
12 4.01 | 4.11 -0.10
13 4.01 4.27 -0.25
14 4.04 3.68 0.36
15 4.06 4.64 -0.58
16 4.06 4.58 -0.51
17 4.08 4.32 -0.24
18 4.11 4.47 -0.36
19 4.15 4.10 0.05
20 4.18 4.33 -0.15
21 4.20 4.46 -0.27
22 4.23 4.94 -0.71
23 4.26 5.10 -0.85
24 4.30 4.24 0.06
25 4.32 4.56 -0.24
26 4.40 4.75 -0.35
27 4.40 419 0.21

Sample True Predict | Difference
value value
28 4.43 4.46 -0.03
29 4.45 4.49 -0.05
30 4.49 4.83 -0.34
31 4.51 4.61 -0.10
32 4.65 4.62 0.03
33 4.72 4.14 0.58
34 4.73 4.41 0.32
35 4.75 4.48 0.27
36 4.78 4.91 -0.13
37 4.87 4.62 0.25
38 4.94 4.53 0.41
39 4.96 4.89 0.07
40 4.98 4.81 0.17
41 5.08 5.24 -0.16
42 5.11 4.51 0.61
43 515 4.69 0.46
44 547 4.53 0.65
45 5.20 4.66 0.54
46 5.36 4.73 0.63
47 5.45 5.33 0.12
48 5.79 5.39 0.39
49 6.20 6.18 0.02
50 6.23 4.66 1.58
AV 4.47 4.47 0.00
sD 0.68 0.52 0.44
Min 3.02 3.05 111
Max 6.23 6.18 1.58
n 50 50 50
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A154 47 Ban1synuislEunnuuaRBanausnnann NIRS LazAIRINNITILATIERAE

FBNASFIUTRNIUN 25% FTEEIIRLN 120 w1# lungda Validation

Sample True Predict | Difference
value value
51 3.14 3.84 -0.70
52 3.42 3.97 -0.55
53 3.85 4.55 -0.70
54 3.93 4.04 -0.11
55 3.96 4.86 -0.89
56 4.00 4.21 -0.20
57 4.04 4.28 -0.24
58 4.06 4.14 -0.07
59 4.08 3.87 0.21
60 4.17 4.20 -0.03
61 4,22 4.39 -0.17
62 4.29 4.40 -0.11
63 4.33 4.23 0.09

Sample True Predict | Difference
value value
64 4.42 4.49 -0.07
65 4.47 4.59 -0.12
66 4.62 3.66 0.96
67 4.73 5.06 -0.33
68 4.76 4.37 0.38
69 4.88 4.42 0.46
70 4.97 4.67 0.31
71 5.10 4.69 0.41
72 517 4.72 0.44
73 5.28 4.56 0.72
74 5.49 4.54 0.95
75 5.88 5.42 0.46
AV 4.45 4.41 0.04
SD 0.64 0.39 0.49
Min 3.14 3.66 -0.89
Max 5.88 5.42 0.96
n 25 25 25
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AN519 48 HANNSIIUIELE N LUATIE 8vauNAann NIRS WAaZAIAINNISILATIZTAAE

FBuAsgINUaaiIUN 50% szaziaania 30 urh lungu Calibration

Sample True Predict | Difference
value value

1 3.22 3.39 -0.16
2 3.27 3.33 -0.06
3 3.42 3.42 -0.01
4 3.69 3.78 -0.09
5 3.76 3.83 -0.07
6 3.85 4.30 -0.46
7 3.88 4.22 -0.34
8 3.93 4.04 -0.11
9 3.96 3.91 0.05
10 3.96 3.75 0.21
11 4.00 4.08 -0.08
12 4.00 3.73 0.27
13 4.01 4.24 -0.23
14 4.04 4.21 -0.17
16 4.06 4.71 -0.65
16 4.06 4.00 0.06
17 4.08 4.07 0.01
18 4.08 4.31 -0.23
19 4.1 3.84 0.27
20 4.15 4.36 -0.22
21 4,18 3.86 0.32
22 418 4.25 -0.07
23 4.22 4.49 -0.27
24 4.23 4.25 -0.02
25 4.29 3.99 0.30
26 4.32 4.60 -0.28
27 4.40 4.08 0.32

Sample True Predict | Difference
value value
28 4.40 4.19 0.21
29 4.42 4.33 0.09
30 4.43 4.39 0.04
31 4.49 4.55 -0.06
32 4.62 4.60 0.03
33 4.72 4.56 0.16
34 4.73 4.88 -0.15
35 4.76 4.73 0.02
36 4.87 5.05 -0.18
37 4.94 5.11 -0.17
38 4.96 5.15 -0.19
39 4.98 4.73 0.25
40 5.02 4.86 0.16
41 5.08 5.13 -0.05
42 5.10 §.59 -0.49
43 5115 4.99 0.16
44 517 5.16 0.01
45 5.18 4.90 0.29
46 | - 520 5.28 -0.07
47 5.45 5.01 0.43
48 5.49 4.97 0.53
49 5.79 5.44 0.34
50 5.96 5.60 0.36
AV 4.45 4.45 0.00
SD 0.62 0.57 0.25
Min 3.22 3.33 -0.65
Max 5.96 5.60 0.53
n 50 50 50
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A15719 49 BansiugEunnuuaiiFanannaan NIRS WazAIAINNNSILASIZNAE

ABnsgIuaaainun 50% szaziaaniy 30 w1 lungu Validation

Sample True Predict | Difference
value value
51 3.29 4.21 -0.92
52 3.70 4.09 -0.39
53 3.86 4.06 -0.20
54 3.95 4.44 -0.49
55 3.98 5.02 -1.04
56 4.01 3.94 0.07
57 4.04 4.13 -0.08
58 4.06 3.96 0.10
59 4.11 4.49 -0.38
60 417 4.16 0.01
61 4.20 4.26 -0.06
62 4.26 4.60 -0.34
63 4.33 3.90 0.43

Sample True Predict | Difference
value value
64 4.40 4.23 0.18
65 4.47 4.92 -0.45
66 4.65 473 -0.08
67 4.75 4.27 0.48
68 4.88 4.88 0.00
69 4.97 4.87 0.1
70 5.03 4.81 0.22
7 5.1 5.00 0.12
72 517 4.30 0.87
73 5.28 5.06 0.22
74 5.78 5.13 0.65
75 5.86 5.30 0.56
AV 4.49 4.51 -0.02
SD 0.64 0.43 0.45
Min 3.29 3.90 -1.04
Max 5.86 5.30 0.87
n 25 25 25
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AN574 50 HANTSYNUIUTuNanLATEanauNAaIn NIRS HazA19INNISILASIZRAAE

FBamsgIuLaIUN 50% sEELaN1N 60 wIH Tungu Calibration

Sample True Predict | Difference
value value

1 3.29 3.93 -0.64
2 342 3.44 -0.03
3 3.70 3.97 -0.27
4 3.76 3.62 0.15
5 3.86 4.56 -0.70
6 3.88 4.07 -0.19
7 3.95 413 -0.17
8 3.96 3.85 0.11
9 3.98 4.38 -0.40
10 4.00 4.28 -0.28
11 4.01 412 -0.11
12 4.01 4.27 -0.25
13 4.04 3.87 0.17
14 4.06 4.70 -0.64
15 4.06 4.10 -0.03
16 4.08 4.05 0.03
17 4.11 4.07 0.04
18 4.11 4.46 -0.35
19 417 4.37 -0.21
20 418 4.57 -0.39
21 4.20 4.20 -0.01
22 4.22 412 0.1
23 4.26 4.33 -0.08
24 4.29 4.02 0.27
25 4.32 4.64 -0.32
26 4.33 4.22 0.11
27 4.40 412 0.28

Sample True Predict | Difference
value value
28 4.40 4.26 0.14
29 4.43 4.70 -0.28
30 4.45 4.96 -0.52
31 4.49 4.77 -0.27
32 4.51 4.65 -0.15
33 4.65 4.87 -0.21
34 4,72 4.44 0.29
35 4.75 4.79 -0.04
36 4.76 4.69 0.06
37 4.87 4.74 0.13
38 4.88 4.71 0.17
39 4.94 4.78 0.16
40 4.96 4.61 0.36
41 4.98 4.25 0.73
42 5.01 4.39 0.63
43 5.03 4.97 0.086
44 5.08 4.88 0.20
45 5.1 4.69 0.42
46 5.15 5.38 -0.23
47 517 4.42 0.76
48 5.18 4.77 0.42
49 5.28 5.10 0.18
50 5.79 5.01 0.78
AV 4.42 4.42 0.00
SD 0.53 0.40 0.34
Min 3.29 3.44 -0.70
Max 5.79 5.38 0.78
n 50 50 50
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715749 51 Han1sIRElE NN UARFaNauNAaIN NIRS WASAIAINNNSILATIEVNQE

FENIMSFIVUBIUIUN 50% FEELIIALN 60 119 lungu Validation

Sample True Predict | Difference
value value
51 3.69 4.12 -0.43
52 3.85 4.23 -0.38
53 3.93 4.16 -0.23
54 3.96 4.23 -0.27
55 4.00 4.01 -0.01
56 4.04 4.78 -0.74
57 4.06 3.87 0.20
58 4.08 4.34 -0.26
59 4.15 4.54 -0.40
60 4.18 4.21 -0.03
61 4.23 4.18 0.06
62 4.30 4.22 0.08
63 4.40 4.21 0.19

Sample True Predict | Difference
value value
64 4.42 4.60 -0.19
65 4.47 4.15 0.32
66 462 |  5.02 -0.40
67 4.73 4.73 0.00
68 4.78 5.03 -0.25
69 4.94 4.78 0.16
70 4.97 4.81 0.16
71 5.02 4.97 0.04
2 5.10 5.03 0.07
73 5.1 4.57 0.59
74 5.20 4.96 0.24
75 5.49 4.84 0.66
AV 4.47 4.50 -0.03
SD 0.50 0.37 0.33
Min 3.69 3.87 -0.74
Max 5.49 5.03 0.66
n 25 25 25
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M1979 52 r-lﬂﬂﬂiﬁﬂu’]ﬂlﬁ‘uquLUﬂﬁl‘%ﬂﬁQ%Nﬂ"ﬂﬂ NIRS LL@SFII’]“‘I’mﬂ'l‘i?JLﬂ?’]%‘Iﬁﬁ’Jﬂ

Fansgnaeainum 50% seaziaaiiy 90 whi lungu Calibration

Sample True Predict | Difference
value value

1 3.02 3.04 -0.02
2 3.22 3:./5 -0.53
3 3.27 3.86 -0.58
4 3.42 3.35 0.06
5 3.69 3.98 -0.29
6 3.76 3.99 -0.23
7 3.85 422 -0.37
8 3.88 431 -0.43
9 3:93 3.93 0.00
10 3.96 4.09 -0.12
11 3.98 3.90 0.08
12 4.00 4.08 -0.08
13 4.01 3.76 0.25
14 4.04 4.55 -0.51
15 4.04 3.88 0.16
16 4.06 3.85 0.21
17 4.06 4.31 -0.25
18 4.08 4.77 -0.69
19 4.1 4.07 0.05
20 417 4.01 0.16
21 4.18 3.94 0.23
22 4.20 4.33 -0.13
23 4.22 4.14 0.08
24 4,26 4.03 0.23
25 4.29 4.44 -0.15
26 4.32 4.47 -0.15
27 4.33 4.09 0.24

Sample True Predict | Difference
value value
28 4.40 4.78 -0.38
29 4.40 3.94 0.47
30 4.43 4.18 0.25
31 4.45 4.81 -0.36
32 4.49 5.13 -0.64
33 4.51 4.27 0.23
34 4.85 4.81 -0.15
35 472 4.27 0.45
36 4.76 4.99 -0.23
37 4.78 4.94 -0.17
38 4.88 4.41 0.47
39 4.94 4.92 0.02
40 4.97 5.00 -0.03
41 5.02 4.55 0.47
42 5.08 4.87 0.21
43 5.10 5.03 0.07
44 501 4.91 0.20
45 5.15 4.88 0.27
46 517 4.94 0.23
47 5.18 4.71 0.47
48 5.28 5.21 0.07
49 5.36 4.98 0.39
50 5.86 5.38 0.48
AV 4.38 4.38 0.00
SD 0.60 0.51 0.32
Min 3.02 3.04 -0.69
Max 5.86 5.38 0.48
n 50 50 50
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A15719 53 RAMSIIUIELS L LAT EanIuNAaIn NIRS WAZANRINNISILASIEVAE

ABAsgNBNiU 50% szaziaaniin 90 wHi Tungqu Validation

Sample True Predict | Difference
value value
51 3.14 3.45 -0.31
52 3.29 3.37 -0.08
53 3.70 3.67 10.03
54 3.86 3.74 0.12
55 3.96 3.64 0.32
56 4.00 4.07 -0.07
57 4.01 4.35 -0.34
58 4.06 3.89 0.17
59 4.08 3.46 0.62
60 4.15 4.42 -0.27
61 4.18 4.48 -0.30
62 4.23 4.91 -0.68
63 4.30 441 0.4

Sample True Predict | Difference
value value
64 4.40 4.51 -0.11
65 4.42 4,21 0.20
66 4.47 4.54 -0.07
67 4.62 4.32 0.30
68 4.73 3.99 0.74
69 4.87 5.13 -0.26
70 4.96 4.53 0.44
71 5.03 4.39 0.64
72 541 4.88 0.23
73 5% 4.58 0.59
74 5.20 4.61 0.60
75 5.79 5.43 0.35
AV 4.39 4.28 0.11
SD 0.62 0.53 0.37
Min 3.14 3.37 -0.68
Max 5.79 5.43 0.74
n 25 25 25
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A5 54 HANISYUNELS L uATIEaNIMNAaIn NIRS HAZAIRAINNIESILASIERAE

ABNINTTIUTDIUUN 50% F2ELIANNIN 120 w1¥ lunau Calibration

Sample True Predict | Difference
value value

1 3.27 4.20 -0.92
2 3.69 4.06 -0.37
3 3.70 4.36 -0.66
4 3.85 4.40 -0.56
5 3.86 4.07 -0.22
6 3.93 4.24 -0.31
7 3.95 4.08 -0.13
8 3.96 4.30 -0.34
9 3.98 4.50 -6
10 4.00 4.23 -0.23
11 4.01 4.26 -0.25
12 4.04 4.64 -0.60
13 4.06 4.66 -0.59
14 4.06 4.50 -0.44
15 4.08 4.19 -0.12
16 4.1 4.51 -0.40
17 4.15 4.21 -0.06
18 4.18 4.16 0.02
19 4.18 4.51 -0.33
20 4.22 4.68 -0.46
21 4.23 4.37 -0.14
22 4.29 4.29 0.00
23 4.30 4.19 0.1
24 4.33 4.21 0.12
25 4.40 4.23 0.17
26 4.42 4.56 -0.14
27 4.43 4.55 -0.13

Sample True Predict | Difference
value value
28 4.47 4.44 0.03
29 4.49 4.59 -0.10
30 4.62 4.30 0.33
31 4.65 4.71 -0.06
32 4.73 4.55 0.18
33 4.75 4.27 0.48
34 4.78 5.89 -1.11
35 4.87 4.58 0.29
36 4,94 5.16 -0.22
37 4.94 4.40 0.54
38 4.97 4.82 0.15
39 4.98 4.42 0.56
40 5.03 4.50 0.53
41 5.08 4.65 0.43
42 5.11 4.61 0.50
43 o1 4.51 0.61
44 5.17 4.52 0.65
45 5.17 4.65 0.52
46 5.20 4,72 0.48
47 5.28 4.68 0.60
48 5.45 5.04 0.41
49 5.49 4.68 0.82
50 5.86 4.99 0.87
AV 4.50 4.50 0.00
sD 0.56 0.32 0.46
Min 3.27 4.06 -1.11
Max 5.86 5.89 0.87
n 50 50 50
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L 24

AN5749 55 HANNSYNUNEUS NN UATISaNIuNAan NIRS HaSANRINNN5ILASIZRAAE

FBINTFINVBIUIUN 50% FrEzLINLN 120 1% lungu Validation

Sample True Predict | Difference
value value
51 342 4.1 -0.70
52 3.76 417 -0.40
53 3.88 4.47 -0.59
54 3.96 4.13 -0.17
55 4.00 4.29 -0.29
56 4.01 4.49 -0.48
57 4.06 4.04 0.02
58 4.08 4.20 -0.12
59 417 4.13 0.04
60 4.20 4.32 -0.12
61 4.26 4.64 -0.39
62 4.32 4.43 -0.11
63 4.40 4.23 0.17

Sample True Predict | Difference
value value
64 4.45 5.12 -0.67
65 4.51 4.79 -0.29
66 4.72 4.46 0.26
67 4.76 4.61 0.14
68 4.88 4.44 0.44
69 4.96 4.85 0.12
70 5.02 5.14 -0.13
71 5.10 5.01 0.09
72 5.15 4.82 0.33
73 5.18 4.82 0.37
74 5.36 4.82 0.75
75 5.79 6.11 -0.32
AV 4.50 4.58 -0.08
sSD 0.58 0.45 0.36
Min 3.42 4.04 -0.70
Max 6.79 6.11 0.75
n 25 25 25
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Possibility of Total Bacterial Quantification in Raw. = *
Milk using Near Infrared Spectroscopy. | i1

Sonthaya Numthzam, Jutzporm Hongpathong, Natthapakom Suk-osot, ©

Nuccha Yodwisadpanid, Rangsun Charog
Naresuan University, Thailand

k, Wandce Tartrako

Enumeration of bacterial amount in raw milk is one of the imporiant
procedures toward the maintenance of national health condition. This study
was undertuken to determing the possibility of using near. infrared (NIR)
spectroscopy for a rapid analysis of total acrobic becterial count (TBC)
in raw milk. Non-homogenized raw milks collected from dairy cows
were scanned by NIR spectroscopy in transflectance mode with optical
p:ihlrnglhs of 0.15 and 1.0 mmy. In order. to study the effect of bacterial
activities on the TBC prediction efficiency, raw milk samples were added
into culture broth with ratio of 1:9 and allowed bactenial growing by
incubating in 32°C water bath for 120 minutes, The NIR mea of
the diluted milk samples were performed at the 30, 60, 90 and 120 minute
of incubation times. The TRC calibration models: were developed using
partial least squares regression. Raw milk specira of 0.15-mm pathleagth
provided better calibration results, with the comelation coeflicient (R) of
0.88 and root mean square efror of €ross ulfdmm(RMSECV)nfo I3log
CFU/ml, than those of 1,0-mm pathlength (R = 0.75, RMSECV = 0,42 log
CFU/ml). Superior results were obtained from the spectra of the diluted
milk in culture broth, The best calibration was from those incubated for
60 minutes with R=0.96 and RMSECV=0.29 log CFU/ml. The results
indicated that important information for NIR-TBC quantification in raw
milk were significantly from bacterial activities during their growth. It was
concluded thal NIR spectroscopy had a poleuuat to bcumias a rapqd ™mC
determination method.

Keywords: raw milk, total bacleda, near infrased sp::_uosmpy
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Microchannel emulsification a promising technique
for generating monodisperse oil-in-water emulsions
encapsulating quercetin

Nauman Khalid'?, Tsao Kobayashi’, .\Imos A. Neves'™,
Kunihiko Uﬂnm'a', Mitsutos 1I\a.|:ajnm" Hiroshi Nabetanit?

'Nutional Food Research Institute, Japan, “The University of Tokvo,
Jopan, ’l.-nn\*r;m‘ of Tsukuba, Japan

Introduction -
Quersetin is a flavonoid found in numerous fruits and vegelables. The
so’umhly of guercelin in aqueows-based formulstions IS quite low.

Envapsufation is the rece ded strategy lo inceezse the bioavailability in
agaeous based formulations. Microchannel (MC) eulsification can be used
1o improve monadispersity and droplet size controflability. This process can
produced monedisperse emulsions with average droplet dﬁmtm of ] 1o 550
micrometer with coeflficients oF yariation <5%.
?I?e;mul‘;y“ onducted lat food- il-

study was conducted to mmpsu {3 quen.dm in food-grads oil-in-water

cmulsions stzbilized by different croulsifiers by using MC cmu\stﬁcalm
Materials & Methods
A straight thorough MC array (WMS 1-2) comprised of a seri¢s of diserele
§0 by 10 micrometer outlets on each MC line. The effective cross-sectional
area was | ¢m* and the inner diameter of the cylindrical inlets was 10
micrometer. A Milli-Q) water solution oommmg 1%6 (wi) Tween 20, sodium
cholate, decaglycerol monolaurate or bovine serum albumin was vsad as
the cmhnuwnpmse while the dispersed phase constitute 0,1-0.4 mg mL?
quercalin in differenl vegelzble oils or medium cham triglyceride (MCT). The
emulsification process was carried by injecting the dispersed phase at a flow
rate of 3 mL ", while the continuous phase was supplizd continuously at flow
rates of 250 fo S0¢ mL b,
Results & Findinps
Suecessiul MC emulsification was carried out with different \cgdlbk oils
and MCT. The generated monodisperse droplets had Sauter mean diameter
of 28 to 34 micrometer and span width below 0.2. All the evaluated food-
grade emulsifiers stabilized the oil-in-water dropléts over 15 days at 4 and
25°C. The monodisperse oil-in-water emulsions stabilized by Tween 20 have
encapsulation efficicicy more than 80%5 afler 15 days of storuge ¢ 4 and 25°C.
Caonclusion
Oil-in-water emulsions encapsulating qwm‘{m was successfully formulated
\\111:;5:2@! through MC emulsification with good encapsulation efficiency
atd 23C.

keywords: Microchannel emulsification, Quercetin, Encapsulation
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Factors for the Water-Solubility or Water—[)lspel
uf the Complex between Peptide mixtore and l’u
Water-Soluble Nutrients and Drugs

Oshima Tatsuya, Yamashits Risa, wakiri Takery, \\'mn Bin,
Sugahara Mariko, Inada Asuka, Baba Yoshinar

University of. “Mivazaki, Japan

Objectives Tele = gk
The peorly water-soluble nutrients and dmgs feneraily sbm\
bioavailability, because of lower solubility in digestive hquor
many kinds of techniques for the enhancement of water- wlulni
water-dispersibility of poorly water-soluble materials have been ¢
In recent vears, the aul!:;)s{g&\c developed the complex formatiar
ide mixture (Pep) oblained as protein hydrolysate and poci
soluble matenals. In the rrcstnt study, the water-solubility !
dispersibility of the complex belween various materials and:
compm:d in order to clarify the fectors determining the :.o!uh!

Matemi & Methods i
Milk cacein was enzymatically h,d:ohzed vsing chymotry n}
by Iyophitization, to obtain the peptides mixture (Pep) as s whi
The complex wus prepered by mining 2n aqueous solution of conyy
with & waler-misaible enzanic solution of a poorly watcr-soluble
followed by temoval of organic solvent in vacwo and tyophilizi
complex was suspended in aqueous solution and the water dispersi
evaluated. The apparent so'ubility of the complex in aqueous g
determined by the permeability through 0.8 micrometer membi
The concentration in the filtrate was determined using UV-vis or l-
Results and Finding

The com containing indomethacin, 7 ibuprofen, of pmdn!m.f.\r
waler-so| ub!e In contrast. the complex contzining heme iron, |
coenzyme Q. curcumin, retinoic acid, of quercetin bevame watee-dt
not wﬂmwgabk The resulis suggest that the resulting compley
classified to two: The complex containing relatively. hy drophobl
(logP > 3.9) with higher molecular weight should be water-disps
contrast, The complex containing moderately hydrophobic maten
1.9) with lower molecular weight se¢ms to be water-soluble.
Conclusions gt - i
The complexes between poorly water-soluble materials and P
be water-soluble or water-dispersible in aquecus media, accmt
propeities of the incorporated material.

keywords: Poorly Water-Soluble, Solubility, Bioavailability
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Nanoemulsion (NE) delivery system boosts oral |
bieavailability and cellular uptake of lipophilic |
nutraceuticals i

Tanmoy Kumar Dey, Pubali Dhar {
Universily of Calcutta, India 3
Poor water-soluble bioactive components have limited oral biou!
but that could be increased with a decrease in their particle size. 7
the aim of the present study is 1o produce suilable pancemul
formulations which may have been an apt alternative o unpm'
permesbility and bmmxlab:hly of such compounds.

NE of fish lipid oil, rich in EPA-DHA, was developed u;:;
surfactants like Tweed 20 and Span 80. Morphology, hydn
diameter, zeta potential and shelf -life were measured. The suabh
checked for in-vitro lipid release/droplet stability in simulated.
(Salivary, gastnc and small intestine). Ex-siru everted rat ind
model and in situ rat infestinal peefusion method was used (o
bicabsorption. mel!y, real-time ¢ellular uptake el'ﬁcsency of
emulsion system- was studied by flow-cytometry in Penphe!
Mononuclear Cells (PBMC).

NE formulatéd with surfaclant concentration > 0.5%, had hydn
droplet diameter in the range of 151.9 - 89.7nm. TEM microgi
shown the particles fo be spherical in appearance. I-yitro digestit
had confirmed the NE droplets to be stable in the simulated m
situand in-silu experiments comfirmed the inverse relationship be
ahsorption of EPA-DHA and their particle sizes. NF had improv
permeability of EPA-DHA by >30%, compared to conventional)
droplets. Significantly higher (P < 0.01) incorporation of NE drd
the PBMCs over the conventionsl emulsion was cstablished ¢
The kinetics paradigm of the NE incorporation into the PBMCs 1
dependent and imespective of their sub-populations (i.e. boib thd
and nen-adherent cells).

NE - delivery technique bettered the oml hmuﬂahhly of:
lipaphilic Nutraccuticals like EPA-DHIA to the circulating cel
blood. This technique can be used for delivering several other |
bivavlive components like vitamins, polyphenals, drugs ete.

keywords: Oral bioavailability, Gastrointestinal absorption, Nana
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Method Development for Determination of Total Bacterial Amount in Raw Milk Using

Near Infrared Spectroscopy

- 1 . =
TS WEHWRL. uamsan anian
Jutapom I;}gngp.atlmng1 and Senthaya Numthuam'

uvAntia

anAtaidumsAngnsiannasnassiaviinuwaidehainsiasusomanaisinmsuse
annlasalai yinsdnelasldiinsiladusasinnlansrems@oad seilanmaluiasdin 10%, 25% uae
s09thapdminadas s vntgamnd 32°C wntns fednisgandutantioiBusns avoaiingil
A 30, 60, 90 uay 120 Wi st siwudaominneEinuueiiSededs partial least square
regression (PLSR) s rawafdseminaleduiiidns s antandintis (R) wiiu 089 uax
Aflemanea sy lunaumaaouanms (SEP) winiu 0.45 log CFU/ml ua enrsinunfiamusivdanndudlo
tinunsdanisshasaiininaiaiu 25% szoznain 90w (R=0.90, SEP=018 log CFU/ml) gnnunsld

thadunanansidsade Hrednszansnmilunisinrevinouusidslninmladufomaiaiiies

finlssaanniasalal)

fnanfey Ty Wsiivsussaninsalal wathioinua

Abstract

This research is to study the method development for determination cf total aerobic bactenal
count {TBQ) in raw milk by near infrared (NIR) spectroscopy Raw milk and the 109, 25%, and 50% milk
in culture broth were used as samples. The samples were incubated at 32°C and the NIR spectra of
milk sarnples at incubation pericd for 30, 60, 90 and 120 minutes were acquired. The TBC calibration
model were performed using partial least squares regression (PLSR) The prediction accuracy provided
from raw milk spectra was the conelation ceefficient (R) of 0.89 and standard emer of prediction (SEP)
of 0.45 log CFU/ml Superior results were obtained from the 25% milk samgples incubated for 90
minutes (R=0.90, SEP=0.18 log CFU/ml} The results indicated that spectral data of diluted milk in
culture breth could improve the prediction effiaency of TBC in rew milk using NIR spectroscopy

Keywords: Raw Milk, Near Infrared Spectroscopy, Total Bactena
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Sample type Factor R SEC SEP Bias RPD
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258 milk 9 093 0.29 0.37 2075 1.92
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60 min 6 090 0.52 034 0.006 2.00
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1 | INTRODUCTION

Abstract :

The possiblity us of nar-infrared (NIR) spectroscopy in the region of 9000-4000 cm *to deter-
mine total bactéral count (TBCQ) in raw mik and the influénce of bacteral cultivation on TEC
prediction aceuracy were studied. Raw mile samples were dilvted 10-fold with tryptic soy broth
and then aillivated at 32 °C for 2 hr, NIR measurements wese performed after cultivation times.of
30, 60, 90, and 120 n¥n. Partid least squares regression was used to davelop cafbration modcis
for TBC. The best calbration result was obtaned from the 90 min-cultivation samples, with the
correlation cocfficient (R) of .90 and root mean square emor of prediction of .32 logsa CFU/mL
The andysis of the calbration structure Indicated that important nformation for TBC prediction
was from chemical compositional changes and bacterial metabolites. Thz NIR method combined
with bacterid cultivation was satisfactery for the repid analysts of TBC in raw milk.

Practical applications

The number of bacteria in raw mitk is an impertant indicator for hygieric quakty and mik grading
system which consequently reflects a mik price. The propesed method afiows eatishied perform-
ance for TBC deternination in raw mik in 90 min as compared to the 48 hr required using the
plate count method. The NIR method developed in this study seems fo be an effective tool for a
f2pid evalualion of bacterial contantnation in raw milk An Integralion between determination of
mik hygenic quaily and chemical compositiond qualty using NIR specirascopy will fadilitate a
repld and mulicomponenits analysis and become a powerful tool for a practical use in the competi-
thve dairy industry. -
KEYWORDS

raw milk, total bacteria, near-infrared, rapid method, dalry safety

managemert in Lhe dairy industry intludes strict regulation of the num-
ber of total bacteria in raw mik, which is used as a basic hygienic indi-

Bacterial contamination of mitk causes many problems in the dairy
indusstry. It can cause negalive changes inmik by releasing undesirable
metabolites and enzymes that degrade mik texture, color, odor, or fla-
vor, and then result in shorter shelf Ffe. High number of contaminated
baclena can alsa affect quaty of milk products. For example, they can
decrease he yield and guality of cheese curd and may cause cracks
and off-Mlavers in cheese (Ledenbach and Marshal 2009). Mik and its
products may cause serious ilnesses in consumers if they contain
harmful microorganisms 2nd their toxins (D¢ Reu, Grigpeerdt, &
Herman 2004; Manre, Maurye, Dutta, & Samanta 2013). Effective

cator (Bava et al. 2011; Dhuol and Osman 2014). Bask hygiene
requirements for the total bacteral count (TBC) in milk differ between
countries, nging from 100,000 to 500,000 CFU/mI (European Com-
m¥ssion 2004; Draaiyer, Dugdill, Bennett, & Mounsey 2009). The bac-
terial court is one of an important factor that determines the price of
mik; price calulations for fresh mik ace based on its quality. Geod
management of the dary farm produces mitk with TBC fess than the
slandard value, which then receives bonus prices: mik with low hygi-
enic quality receives deducted prices In Thaibind, famers who produce
mélk with standard valve of TBC, ranging from 400,000 to 500000
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CFU/mL, wil eamn a basic mitk price. The price of premium grade of
mitk. TBC < 100,000 CFU/m, increases with 2 bonus of .50 Baht per
1 kg of milk, while the prices of low quality with TBC higher than
500000 CFU/mi wil ba deducted from .20 1o .50 Bsht per 1 kg of
milk Quafity-based pricing systems have thus given rise to intensive
tesis for mik quakty and hygiene in the daity industry.

The plte count technique is corventionaty used in regulatory
{eslirg programs to evaluate the hygienic quality of raw milk. However,
this analytical method is labordous and time-consuming. Developments
in microbiclogical 2nalysis in the past several decades have Jed to quan-
titative techniques that are rapid but complex and expensive and are
able to analyze single largets only. These lechniques include adencsine
tiphosphate bicluminescence tests (Larson et al 2003), flow cylomel-
ric method (Bunthof and Abee 2002; McHugh and Tudker 2007), dec-
trochemical Lechniques (Palenzuela, Simonet. Garcla, Rios, & Valdireel
2004; Numthuam. Suthituk, & Satake 2011), and molecular biotechnol-
ogy techniques (Ott, Musfeldt, Ulmann Hampe. & Schreiber 2004;
Kim et al 2015).

Near-irfrared (NiR) spectroscopy offers advantages in analysis for
being simple and rapid and for being suitable for multicomponent sys-
tems It has been widely used in quality evzluation of many agricuftural
and food products such as mik and its darivatives. Multiple constitu-
ents in milk and dairy products have been determined by MIR (Tsen-
kova, Atanassova, ltoh, & Toyods 2000; Blazquerz, Doviney, O'donnell,
Qlealaghan, & Howard 2004; Oca, Orliz, Sarabisu, Gredilh, & Delgado
2012; Coppa et al. 2014). In the hygienic evaluation of milk. NiR spec-
troscopy has been used for the detesmination of the somatic cell count
{Praedova et dl. 2001; Albanell et ol. 2003). Few studies, however, have
reported the potential use of NIR spectroscopy in short-wavelength
regions (700-1100 nm) in the guantification of total badena in milk
{Al-Qadini, Lin, Al-Hoty, Cavinato, & Rasco 2008: Saranwong and
Kawano 2008} Saranwong and Kawano (2008) pointed oul that the
important NIR spectral data tor TBC determination probably inchude
absorption bands of mifk constiluents related 10 bacterial metabolism.
Therefore, cultivation of bacteria in nutrent broth before spactral anal-
ysis may be beneficial in that it increases useful information used in
TBC calbration models. The objective of this study, therefore, was to
investigate the feasibiity of NIR spectroscopy in terms of simplidty,
speed, and accuracy as a method for the determination of the basic
hygienic quality of raw milk. We aimed to develop the calibration of
TBC valves using a long-wavelength region (1100-2500 nny wave-
nurbzer range of $000-4000 cm '), The influence of bacteral cultiva-
tion on the pesformance of the cafbration models was studicd. The
effects of pathlength and cultivation period on the prediction efficiency
were 2ko examined.

2 | MATERIALS AND METHODS

The study consists of two experiments. First, we studied the effect of
patHength on the ability of NIR speciroscopy in transfectance mode
to determine the TBC, since an cptimal pathlength enables acquisition
of wectra at high signsl-to-naise ratio Uensen and Bak 2002). Next,

HUMTHUAM er AL

we culivated bacteri in liqud medium in order Io allow for their
metabofism before the NIR measurement.

2.1 | Experiment 1: effect of pathlength on the
performance of TBC calibrations

2.1.1 | Sample preparation

Raw mik vas collected from Individuzl miking cows in a local dolry
farm in Sukhothal Province, Thailand. It was stored in crushed ice and
then transported to the bboratory at Haresuan University, Phitsanufok
Province, Tha'bnd, within 2 hr after miking. It was then ascptically pre-
pared by didding it among sterile capped glass test tubes [20(3) x
125{H) mm} and incubated at 32 “C for different periods to mimic dif-
ferent levels of bactedal contamination of raw mik samples. The raw
milk samples were divided into two portions, one for NIR measurement
and the other for microbiotogical testing for reference.

2.1.2 { NIR spectral acquisition

An MPA Fourder transform NIR spectrometer (Bruker Optics, EttEngen,
Germany) equipped with an integraling sphere and an InGaAs detector
was used. The MNIR spectrum of each raw milk sample was acquired in
transfleciance mode at B cm™ ! spectral resolution with a badkgraund
of 32 scans. Two aluminium reflectors with optical pathlengths of .1
and 10 mm were vsed for reflecting NIR Fight back to the detector.
Prior to the NIR measurement. a1 mik samples were held at 32 °C for
exactly 30 min to avoid spectral changes caused by lemperature
changes (Al-Qad et al 2008). One miliSter of each Mk sample vas
phced in a ghss sampe cell [22{2) X 40(H) mm)], and the auminium
reflecler was immediately immersed in the samp'e for the speciral
acquisition. The reflector was washed with 2uloclaved distiled water
and sanitized with 70% ethanol before use in the next san.

21.3 | Data analysis

NIR spectral data within the range of 9000-4000 an™ ! wire ana-
tyzed by usng OPUS version 7.2 software (Bruker Opiics). Spectral
pretreatment through standard normal variate rermalization method
was done to reduce mulbiplicative interferences of scatler and parti-
de size in the spectral scan (Bames, Dhanoa, & Lister 1989). Cali-
bration modes were estabished by partid-least-squores (FLS)
regression to obtain the fundamental relation between the speciral
dsta and reference TBC values. Latent variables (factors) of the FLS
modeks were determined by leave-one-oul aoss validalion. The per-
formance and predictive ability of the PLS models were evaluated
from thelr comelation coefficient (R) and root-mean-square error ol
cross vafdation (RMSECV),

2.2 | Experiment 2: effect of bacterial cultivation
on the performance of TBC calibrations

221 { Sample preparation

Raw mik samples with diffecent amounts of bactena prepared smi-
larly to those in Experiment 1 were diluted tenfold with stesile tryp-
tic soy broth {TSB; Merck KGaA, Darmstadt, Germany) to equslize
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TABLE 1 Characterislics of calibration and validaion sample sets used for establishment of calibration models for total bacterial count

determination in raw mitk

lems - Rawmik (30 min) 10% mitk (30 min)  10% milk {60 mir) 10% mik (90 min)  10% milk {120 min)

Eoes _ Gl val Gl Val. ol Vil GL val Gl val
Minimum 314 322 314 322 314 322 314 322 314 322
Madaum 642 5.79 642 836 620 816 642 6.16 642 616
Awerage 4.58 450 460 457 456 453 460 457 458 457
Standard deviation .74 &4 Tz 49 73 57 77 69 74 V 49
No. of sample 49 24 50 25 49 24 50 25 49 25

Abbrevistions: Cal, cafbration set; Val, vatidation set; Unit, log,, CRU/mL

the starting nutrient matrix values among samples. Bacteria residing
in 10% raw mik were then cukivated at 32 “C in a shaldng water
bath We alowed the bacteria to metaboize for 30. 60, 90, and
120 min and then obtained the NIR spectra of the samples for each
cultivation period.

2.2.2 | NIR spectral acquisition

To obtain spectral data containirg information for the bactarial meta-
bolic activity, NIR measurements were performed by scannng the 1 md
milk samples after cultivation times of 30, 60, 90, and 120 min. The
instrument specification and measuring conditions were the same as
those for Experiment 1. The aluminium reflector with optical path-
kength of .1 mm was used in this expedment.

2.2.3 | Data analysis

Software and speciral preprocessing method identical to those in
Bxperiment 1 were used. PLS calibration for TBC was performed by
tsing the calibration set of samples to detemmnine Iatent variables. The
data were divided into sets of 50 cafbralion samplks and 25 vaidation
samples. One or fvo om&us were dropped 1o efiminate obsenvation
data at the extremes. Characteristics of cafibration and validatien sam-
ple sels are presented in Table 1. The pearformance ard predictive abil-
ity of the PLS modek were evaluated from the R value and the rool-
mean-square emor of prediction (RMSEPL

24 | Microbiological analysis

Standard plite count mellod, according 1o the American Publc
Hea'th Association (1993] was used to quantify tolal bacteria in the
rav mik samples. Serial dilutions were made by adding 1 ml of raw
mik to 9 ml of buffered peptone water (Merck KGaA, Darmstadt,
Germany). Subsequently, 1 ml of the diuled raw mik was plated in
dupicate into prepared plate count agar (Mordk KGaA) through the
pour plate technique. After selting, phtes were inverted in an incu-
bator at 32 °C for 48 br. Vishle colonies were then counted and
used as reference values for the NIR ca'culation. The TBC was
recorded in logyp CFU/mL

3 | RESULTS AND DISCUSSION

3.1 | Experiment 1; effect of pathlength on the
performance of TBC calibrations

We ued 45 raw mik sampdes in this experiment TBCs of the mék
samples to be used for the calbration models varied from 322 to 5.86
log 1o CFU/mY, which was comparable fo the bactedal level epecified in
the milk payment system in Thaland. Orginal spectra of raw mik
samples oblaned at oplical pathlengths of .1 and 1.0 mm are shown in
Figure 1, Clearly, the overal absorption intensity of spectra of mik at

3 co 4 9% i
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FIGURE 1 NIR spectra of raw milk samples measured with
pathlength of 1 mm (A) 1.0 mm (B)



LWILEY |35 safety [T

HUMTHUAM &1 2

TABLE 2 PLS cahibration and vafidation results for TBC values of raw milk samples measured wilh different pathlengths

| pathlength Factor - RMSEC
1.0 mm 4 g1 43

.1 mm 8 87 33

RMSECY Bias * Region fem~Y)
49 oot 7552-6094, 4605-4243
" 43 012 7504-60794, 4605-4243

Abbrevistions: R, comelztion coefficient; RMSEC, roof-mean-square cror of catbrationy RMSECY, root-mean-square emor of toss validation; Bias, the

Fversge of difference between reference value and NIR value.

1.0 mm patHength is stronger than that of mélk spectra at .1 mm path-
length because the pathlength of the former is longer. There are two
strong bands centered at 6889 and 5176 cm™* corresponding to vater
absorption. Absomption bands of other mik condituents such as pro-
tein, lactose, and bacterial itself are relatively weak in comparison with
the water band and are thus diffiult to discern in the spectm (Tsen-
kova, Atanassova ltoh, & Toyoda 2000; Woo, Terazawa, Chen, Terada,
& Kawanop 2002). Spectral noise could be observed 2 arcund 5200
4000 cm™ 1 at a palhiength of 1.0 mm. This m3y be due to the substan-
tial effect of the patilength on the spectral quatity of aqueous samples
and its strong influence on the signal-lo-noise ratio (Segtnan and lsaks-
son 2000; Jensen and Bak 2002). Table 2 shows the PLS results for the
TBCs computed from the spectra collected at .1 and 1.0 mm path-
kngths. The shorter pahlength seemed to be appropriste for the
determination of the TBC of mitk, with R= 89 and RMSECY =.43
g CFU/mL As a resuft. a pathlength .1 mm was uscd for the NIR
measurement in the next experiment.

3.2 | Experiment 2; effect of bacterial cultivation on
the performance of TBC calibrations

In this experment, we focused on the potential use of the data assod-
ated with bacterial metabofc activity in predxting the performance of
TBC albration. Since lhe composition of rav mik normaly varies
among cows, we dilited raw mitk 10-fold in tryptic soy broth. assuming
that diution reduces the vadation of nutdents in each sample and fadi-
tates spectral information changes in accordance with the number of
bacterdia. The midk bacteria were incubated for 2 he becawse it was an
cffective duration that aliows detection of changes in essential corstitu-
ents necessary for bactenial growth. such as glicose and oxygen (Palen-
7uela, Simonel Garda, Rios, & Valcareel 2004: Numthuam et al 200%:
Numthuam, Suthiluk, & Satake 2011). Characteristic absorption bands of
the 10% m2k samp® ae smilar to those of raw mek oblained at.1 mm

pathlength (spectra not shown). Table 3 shows calbration and valdation
results for TBC determination using spectra of the 10% mik sample
ncubated for different pariods (30, 60, 90. axd 120 mind and of the raw
mik sample incubited for 30 min. The specta of raw mik provided
superior PLS calibration resulls in terms of valdation emors (RMSER)
over those obtained with 10% mik samples incubated at various times,
except the sample incubated for 70 min. The best PLS results for the
detemmination of TBC obtained from the %0 min-cultivation samples
have an R valse of .90 and RMSEP of 32 logy, CFU/m. Figure 2 ilus-
trates the relation befween the reference TBC values and the TBC pre-
dicted by NIR regression. The promising prediction based on use of the
raw mik samples was probably from the prdmary changes in mik compo-
stions caused by bacteria The poor predictive capsbiity of using the
10% mi%k sample incubated for 30 min was believed ta be caused by
$ass of information due to bacteria 2fter the dilution. Increasing the incu-
hation peried could enhance Lhe performance of determination, with 90
min resulting in the best performance. The time for doubling required by
common bacter in raw milk, such as Escherichio cofi, Loctobocifus od-
dophus, Streplococas loctis, Stophyococous ourens, and Boddhs sp.
varies from zbout 20 fo B0 min under optimal conditions (Walstra,
Woulers, & Geurlts 2008). Thus, cultivation for 90 min may allow cel
division for almost a!l bacterial population: in particular, a dominant pop-
ufation of Loctobacifus sp. with generation time of 60-80 min, might
provide bacteria-rebted information necessary for edtabishing the cdli-
bration model This hypottess could be supported by the regression
cocfficient plots in Figure 3. The complexity of the calbration structures,
that &, the presence of masy strong peaks, may be due to changes in
metabolRes and carbon sources of bacteria (Sararvong and Kawano
2008). Spectral regions used for the TBC calbrations between each
sample type differ and parizly overlap. Simiar regiors between 7506
6094 and 5454-4598 cm ¥ were used to compute PLS models of the
10% mik samples cultivated for Jl periods. The regions from 5050-
4830 cm ' are dominated by N-H absorplion tands of proteins

TABLE 3 PLS calibration and validation resulls for TBC values of raw milk and 10% milk samples incubated for different limes

| Sample Factor R RMSEC
Raw mik-30 min 79 \ 777.31 41
10% mitk-30 min 6 8 38
10% mitk-£0 min 7 87 34
10% mitk-90 min 10 50 39

10% milk-120 min B 85 36

RMsEP Bl Region fem™)

40 ',Déﬂ_ o 7@75446. 4605-4420
57 -150 7506-6074, 5454-4598
Ad 038 7506-6074

32 019 9002-7498, 5445-4243
48 075

7506-6094, 5030-4598

Abbreviation: R, comelation cosffcient; RMSEC, rool-mean-square emmor of calibration; RMSEP, root-imean-square etror of prediction; Bixs, the average

of diference bebween reference value and NiR value.
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FIGURE 2 Scaller plots between aclual and NIR-predicted vatues
of total bacteria In calibeation set (A) and validation set (B) of the
90 mén-cultivation samples

(Tsenkava, Atanassaova, ltoh, & Toyoda 2000, Tsenkava, Alanassova,
Kawano, & Toyoda 2001) that may be refated to the high protein source
in TSB. Weatcr absorption scemed ta be an important predictor of TBC
in foods (Suthiluk, Saranwong, Kawano. Numthuam, & Satake. 2008;
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Saramvong and Kavano 2008; Feng and Sun 2013), as can be observed
3t 7575-6666 cm™. The dominant water band at approximately
5176 cm ' may ako be found in the orginal spectra. Interestingly, the
9000-7500 cm ! region became observable in the cafhration structure
of the 20th min samples, indicating vital information for the prediction
of bacterial amount. High coeffidents for this region for the 50th min
amples may be a reailt of the effect of bacteriadl generation time
exphined eadier: that is, 1he change in levels of metabofism-associated
compounds at 90 min to the proportion cormresponding to the initial
number of bacterda in raw mike The peaks at B392, 8324, 82680, and
8215 on”? may indicale changes in constituents and metabolites,
namely, water, amides, and anéno acids (WiTams and Noeris 2001: Feng
and Sun 2013). The observed peaks at 4756, 4381, and 4293 an™* may
be related to ghicose (Mafin, Rucht, Blark, Thennadl, & Monfre 1999),
which & a major carbon source in TSB. The peaks at 4992 and
4568 cm ™! indicated absorbance by urea and protein, wastes from bac-
terial metabolsm (Tsenkova, Atanassova, Kawano, & Toyoda 2001)
Divergent region of 6060-5500 cm ™! was obsenved in the clbration
ruclire of the ran mk samples that could be refated to the mIk water
content {Coppa et al. 2014), suggesting the significance of water absorp-
tion for TBC prediction using raw-mik NIR spectra (Saranwong and
Kaveano 2008).

4 | CONCLUSION

NIR speciroscopy in the long-wavelength region (9000-4000 cm™')
combined with bacteral cultivation was possible to predict the TBC of
contamnated raw mific A .1 mm pathlength was appropriate for spec-
tral acquisition of mik samples In transflectance mode. The wiltivation
of milk batteria in tryptic soy broth for $0 min before the NIR mea-
wrement could improve the TBC prediction atcuracy. The spedral
region of 9000-7500 em™? conlains vital information foe predicling
the bacterial count of raw mik. The cahbration structure of the best
model suggested that information on chemical compositionz! changes
and bacterlal metabolites may be used. The developed method seems
to be an effective tool for determining TBC for haclena incubated for
20 min; in contrast, 24-48 hr is required by the plate count method.
The repeatability and reproducibiiity of this method shou!d be checked

e A Mk —— WL NS —— 1, LR e

Whezsemba ica')

FIGURE 3 The regression coefficient plots of calibration models for TBC determination using spectra of raw miik (blue line}, and 10% milk
incubated for 30 min (red Ene), 60 min {orange line), 90 min (black Gine), and 120 min (green line)
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with a large sample size and further developed into a practical and sta-
ble system for evaluation of the basic hyglenic quality of raw mifk.
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