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Abstract

Research Title Development of near infrared spectroscopy technique for detection and monitor
of sphingomyelin as immunnutritional substance in fermented milk product.
Researcher Dr. Chaiwat Bandaiphet (Project Leader)

Faculty of Engineering and Industrial Technology Silpakorn University

Dr. Somrak Punpol (Co-Researcher)
Faculty of Science Prince of Songklha University
Dr. Sarawut Phupijitkul (Co-Researcher)

Faculty of Engineering and Industrial Technology Silpakorn University
Research Grants Fiscal Year 2014-2015,

Research and Development Institute, Silpakorn University

Year of completion 2016
Type of research Applied research
Subjects Biotechnology.

Sphingomyelin (Spm) is a sphingolipid that is found in mammalian lipid cell, egg, milk and
soybean, etc. Spm can be hydrolysed into ceramide that has benefit on human immune system. So, it is
mixed in baby milk powder and food supplements products. Since its low contents and complex
structures, Spm has usually analyses by chromatography and mass spectroscopy techniques which are
complicate and high cost. However, the enzymatic detection was reported interestingly as higher specific.
This work aimed to develop the near-infrared spectroscopy (NIRS) technique for investigatation of Spm
and other bio-substances in yogurt fermentation. NIRS technique can be used for lactic acid evaluation
when compared with chemical titration methods after cross validation (R2 = 96.49, RMSECV 0.133% and
RPD = 5.34). It was found that NIRS spectrum at low acid concentration was overlaid by water spectrum
caused of error and using limitation. NIRS technique could determine the cell numbering when compared
with pour plate microbiological method (R = 90.12, RMSECV 41.1 CFU/ml and RPD =3.19). Cell
numbering by pour plate technique could check only living cell, while the NIRS could investigate both
living and dead cells caused of different results. Then, Spm extract could investigated by NIRS technique
compared to fluoresent spectrophotometry (with R*=93.43, RMSECV = 15.1 pg/ml and RPD =3.91).
Thus, NIRS technique can be applied to detect Spm and other bio-substances with the advantage on
reduction of cost, complicate, and special instruments and analysis method.

Keywords : Sphingomyelin, near-infrared spectroscopy, yogurt fermentation
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2 H,O, + 2 Amplex Red » 2 Resorufin
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nglaa 20 Ay UTEN Lab M

Tween 80 1 Uanans 13HN Calbiochem
TsunandeouleTasmudomld (K,HPO,) 2 N5y UTHN Ajex Finechem
Ta1RAgD 10 N(CH,COONa) 5 n5u 134N QREC
uunIFUFaINa(MgS0,7H,0) 02 N3N UTHN AjexFinechem
tMtagama(Mnso,) 0.04 A5 UTHN AjexFinechem
NQ’ZJ)‘L! (Agar) 14 NS 1HN Himeaia
hnau 1 ang

nerudusznoua 1A enY ondu agar USU pH 1degluaia 5.8 - 6.0 nd ld Agar aslil

a U

0 v A y X q9 o
Ll”lll‘ﬂ clave A8LATDN autoclave ua’mﬂﬁqmmmﬂmﬂauuﬂﬂ pour plate

G
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UNN 4

35Msnaasy

U ad
4.1 Msvanlansa
4 = a ] 9 A a = = Y o Y
WyaalSnas 2 aas Wiuanuioungurgll 96 parusaFed WU 90 WIN AN A
2 A = 3}/ a a ~ J Y ~ J I Y] j} =y A aa
BuR 33 osaded Minvwangaunsdluuunliend lanidluiureaslddsuns 240 Haddas
S I <, Y Y o [ [ Aa aa oA = < @ ] ~
(120)e5iua) aulmdinu wusld Ivagas 250 Jaaans 4 Tva YT 37 e usaisodnUA08197 0,
& o w vd ad Ay Y v T d A ~
6, 12,24, 48, 72 uaz 96 ¥ 1ua auaav ladluTemsan laanmsminmunasaun 4 ssriamee
ad o { < 1 4 I~ 1 %’
wyenlensanmiinnldoonilu 3 a1 Tagnieedionszaunsouuss 1 ladluaiuveiin
@ I~3 [ { @ (1 ] o I} a
lanazaznouTsdunensonainiu tazhuaiunsluriuminiea 1990 1 drudmsumdsua
dy a A T2 A a =
FPYAUNINNVLUFTUNYUNYN 4 DR UBAITY A
o w ] a 4 =Y dy == a a s
Widedaun lUmsevmdsna¥euuaiiGelagmaiia Pour  plate HAZIATIZHHN

%

Y
a o 1 1Y a 4 . . [
Pnansanananlaeds lawsnuenaniiihdleds lanauasnsizyians Sphingomyelin o 11/

U

4.2 msanmsl¥imadia NIRS TunisvinfSanas lactic acid bacteria (LAB) lulendsaviain

1=

] 9 ]
moanyIsmstazanudullldlunsidimaiia NIR lumsiadSausounniisoni

a2 A A

[ ad 1 @ a ~ [ a a 4
pglulomialuszninamsnin  Taeldimatia NIRS Weunumaiiaga®iine) Aomsinsizim

Y
=®

o = A Y ad Y o o = 35 A a
mmummmiﬂslummiguiﬂﬂ'm pour plate ua’mmm’miﬂiaumwmmﬂﬂmu (Total plate count )

= % U ad
4.2.1 ﬂ"li!ﬂﬁﬂuﬁ]iﬁ%ﬁ18]6]’3@]?]1\118]“159]

v

J ' ad { T a aa ad @
o1 lumnsaning lumumsnses Tagldnlavina 1 Taddas galensanin 0.5
Aa aa 1 Aa ¥ o =Y a aa Y @ v A 9y 9 -1
vaddas ldlunasanaassnlthnaulsuag 4.5 Tadans ldmsazaredredananududu 10
weru i udr1diilaauna 1 Taddns gadiodsainnasanaassianududu 10" 1511035 0.5
Aa aa ' ¥ o A aa - kS o 1 - - - - K -
Haaans laluindu 15uas 4.5 Hadans 14 107 amduias lauld 107, 10%, 107, 10°, 107, 10°
ez 10°
o A a S Y dy an 9
MInsIvuelaanAlia Pour plate 91n11A5I91111%0 1A83D pour plate TnalH
1 { - - o %l a Aaa

Msazaeadvgiamdudy 107- 107 innududuas 2 91 Tagldtnlavuia 1 Tadans gaain

Yy 9 A 9 1 A Aaa 9 dy é’ dy
anududunnnliviies galdeiuas 0.1 Tadaas udaumomnsdeuie MRS aalunueimsides

&’ a aa e S o <
WoUseua 15-20 aaans uag pour plate ﬂﬂllilﬂuﬂqﬁwill"ll\i@?‘]_lll 3542 'E)\iﬂ”ll“]fa!,‘%ﬂﬁ Wuan 48

Y
=<

1 Tua dusuuTalatinnavu @auaadlun1anuIn ) AMuUIUMIAT CFU/mI 114
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X ad v A o - R [ ]
MsAsaNmNAs e 19 lonsaniing 24 42 Tug anududuio™10” muily
y
AT
k4 a &’ U
422 n3lmatia NIRS lumsasandSunauvelunamsin
o ac @ A A Yy 9 -1 9 a P o ' '
i Temsanindernianududu 107107 113n512¥ Inogani0g19u108190 |1
nadaanslalu plate drmsuiade1e 111U udHM1IadI0619%1A Tranflectance 11N

o o 1 { ' a 4 v 1
Tanzumaiuuudied1afieg 1y plate 18731A5 129 NIRS Awiave 4.5 ao

a ad
4.3 msanmmslFmaiia NIR lumsmdfSunamnsavaniinlulensa
d Jd a A
4.3.1 msasmesbunnsauaninlaaItiadl
v ad { 1 [l
mamsanmsazaeose laeldtulagalomsannaaieg 5 wa. laaslu
Erlenmeyer flask Y119 100 4@ 1A% 1% Phenophtalein 10 vea1i 1l lansadie 0.1 N NaOH 910
Yy A a g a ' 2 o = Aq
Burette Tag lainsadnaiazvnoa sunaludsunoouqiuiiuingunes 0.1 N NaoH #ldlumsla
w3 udh lldnama % asauandn
MSIASENAITINNTFIY lactic acid 1Ao1Fa15IATFIU lactic acid 91AUTHN Fluka
{ s 3 o
TeUNANUANTY 0.0,0.5, 1.0, 1.5, 2.0, 2.5 uaz 3 losidud 19thlagaa15uas g1 lactic acid 5
ua. ldaslu Erlenmeyer flask Y119 100 W@, 1AM 1% Phenophtalein 10 woati 1y lawmsadie 0.1 N
Y A a & o ! 2 o = Aq ¥
NaOH 911 Burette 108 lainsadngfiaznea sunailudsunoounyuiiuiinginag 0.1 N NaoH 114

Tums laesa udnih ldfunama % nsauandn(3139 HazaAue,2014)

(Y} d [y
4.3.2 m3l¥maiia NIRS asiaaauifSinamsauandnlunandsamusniaunudslansn
o ad d’ [ (BN ] ] Aa Aaa 1 a 9 1
M TeRsandga hiduminisauegnas 5 Naaans laluvasanaass dashlvuiu
il iadensesanlnlasalniloudsusagiulng (NIRS) Tasgadiodaunedisag 1 iaaanslalu
plate 11150329819 191111901 1119919699819%19 Transflectance HamaTaneg ¥131997

(3 ] A ] Y a d Y a 1
”]J“LJ@]’JE’JEJNTI’EJEJGM plate LAIUATIEUAIUNAUA NIRS Glﬂll‘lJ

4.4 msfnmmsl¥imatia NIRS lumsvinney3anaens Sphingomyelin 1ulenfsavain
ieasrvaauaduld1dlumsmiasnndsuades Tasldiasosanlasa Ini

sususadiulng (NIRS) Jums3ns1zi1LSinaas Sphingomyelin 1uTaRsa

4.4.1 m3sanAa3 Sphingomyelinluletdin

Sphingomyelin 11115 15znn lufunii lulSnaniesunn lu lvsiuuuvesnaadaaiuu
= o

= o ~ J A A IS Y o . .
"INGL‘L!Il"llﬂJl!LllliJﬂﬂﬂﬂi%ﬂﬂﬂ‘ﬂ”lﬂlﬂll‘ﬂﬁa”lﬂﬁa”lﬂ %Q%TLﬂU@@QﬁﬂﬂLLEJﬂLﬂW”Igi‘TTiSphlngomyehn

IS v ?1‘/ axl . v dy
20NN laglimsanamuUunoy 1agI5e4 Ribar LazANe (2007) AU
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= QU | = 9 v o a S J
msuenlilsauandiegaun anaznou Tlsaualearinazaedunse lagns
729079819902 100 Wa. WUAY Chloroform : Methanol solution(1 : 2 v/v) U5W1a5 45 wa. wag 2N
NH,0H 151033 wa.ldnnuioulu Water bath Ngmugil 37 essuwaiFoa w1 52103 160
=y ] aol [ 3’, ° y 1 1 <3

Chloroform US11013 30 ¥a.AU Alkaline water (11919) 1311915 40 wa. 91miuii Il umineananus)

a 1 9 1 ) 4 = a . Y
3000 rpm 11U 20 WA AUEINIFAIUANHaINM T TIHIBINUAN Alkaline water U511@5 30 ua. 1a?
o X A A < = Yy 3 1 9 1 o 6’5 1
W T umAean a5 3 3000 rpm 1 20 WIH udwnvaIulaauarwrih luvuseuae 14

v Y

M5808AIBAIY (Base hydrolysis) 11d3ulan 18 1nTuaew Extraction 11
Y
TupoumManaldsAueentdIudAn 0.1M Methanol KOH : Chloroform (4 : 1 v/v) USu1a3 10 wa.

g a . Y o Y 4 A < P
NAHUIAY Alkaline water U31105 10 va. 1d1i1 11 Tumideennu57 3000 rpm WU 20 WIR 1A
1 1 [ 4 a o y H { I~
aruladaranlaiinmnes uduan Alkaline water U103 20 va. udair lTumeanianuG 2 3000
<3 1 1 v o 1 ?,’ Aaa
rpm UM 20 WA udunudulamuatanszmediazaeeenlus1ninIugueUYIN 80 BIA
=

¥ aLT e

v v
M3teaRIBNIA (Acid hydrolysis) 1121 1ah Ida1nduaeu Base hydrolysis Tu

Y [
% IS

TuAoUA 2 WURY Aqueous methanol HCL (IN HCL) 131103 5 wa.udnimnguas lusrahaiunu
aunQin 68 earuwaTyd wiu 199 Tug 91N1IUIRAY Saturated methanol KOH 131185 5 wa., Alkaline
water 131103 5 wa.uay Chloroform 131105 6 wa. udah'ldumisaina$a 3000 rpm w20
it mdududuladiuaai@y Alkaline water 131105 9 wa. udni lifumiesfianuda 3000
rpm W 20 W1 udafud ladmaeii 1811 113512911 Sphingomyelin a0'l1)

mstiusnmmsaia hasanaifiulurasanaaswdailadhldaiin fui
QUNNI-4 DIFNIFAFEA itesemsduiumsluduneusio'lyl

msm’%aumimmgm Sphingomyelinsl“lgf}fﬂiﬂJW]‘iﬁTu Sphingomyelin 17]

ANUTNDY 0, 120, 140, 160, 180 1Az 200 pg/ml 1151103 5 wa. TaslFaas Isnesudludriazae

442 mammanuenauimInzan (A ) #on13IAas Sphingomyelin
1@151A5911 Sphingomyelin AN 180 pg/mlliTanimsganaunas dae
1304 spectrophotometer NANEIAAU 200-800 11 THLuA5 14 quart cuvette V1A 1 1A Tums

Us39es tomaanuenaaumimzan (A )1un15a52911a15 Sphingomyelin 1d1d00A1WE1)

max:

A g‘/ [ = (g 1 1
aauiuldammsganaunasvesdiiodieae 11

4.4.3 M3 ATIAOVA5 Crude Sphingomyelin Iuasafannlansadrematinnil
IATONAITUINTFIU Sphingomyelin ANMANTY 0, 120, 140, 160, 180 1AL 200 pg/ml

@ . . A o 9 ad [ dy [ :4
azasana Sphingomyelin Nana lavinTenia llasrnaeudstl (Taasal, 2556)
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a 1 U o 4 o 1
wuarann llsamdonleasen lva 3.0 M KoH) avllaaelasndwelsalioglugl
v A = @ 3 a . A Y A
Yoansa lviudasy 3 Tuana uaz ndiwesea 1 Tulana WA INUUANNTA periodate a4 1o 1¥na
o Aaan o I Ja Jd o J
L%@i@ﬁ%%%iﬂgﬂiﬂ?ﬂﬂﬂiﬂ periodate llﬁjlﬂuﬂiﬂ%l@iuﬂ (formic  acid) uazﬂmmﬁ‘la@

3’, Aa . . o Aaan o S v A s a g Y I

(formaldehyde) INUULAN chromotropic acid “VHTJ;]ﬂi81ﬂ1JV\|E]i§JﬁﬂllaﬂT]Lﬂﬂsllullmﬂ'Llﬁﬁchromogen

Aaa Y o 1 A Y A A A A
NV LUATIAAINITRANAULTINIYATON spectroscopy NAINVYNIAAUN 544 uﬂumm

4.5 MINTIVTOUAAMNAT Sphingomyelin Ienaiamaeylal
THimalinnsv113u1se Sphingomyelin 198145211 reagent 3 @3 1A Reagent M1
ﬂi%ﬂﬁ]’uﬁ}’w 1 unit/ml SMase, 20 units/ml alkaline phosphatase,1.5 mM MgCl,, 50 mM NaCl, itag 50
mM Tris—HCI (pH 7.4) Reagent M2 152N0UAIY 4 units/ml choline oxidase, 5 units/ml peroxidase, 300
uM Amplex Red, 0.2% Triton X-100, 50 mM NaCl, (482 50 mM Tris—HCI (pH 7.4) Amplex Red Stop
Reagent ﬁi%’”lﬁ'mmmﬁﬁw Molecular Probes Lagasa1ga13u1a531u SM luansayaie 1%Triton X-
100 (Ribre, 2007)

a (% 1 a

AUAI9819 (10 puL) a9 Reagent M1 (40 pL) ué’aﬁﬂ%’ﬁqmwnu 37 °C 1ilunan 30

U

Y =KX A Y a

WA 1A INUUIUAN Reagent M2 (50 pL) #a91nun'1d 30 uril Ngaingiiiod 1Ay Amplex Red

Stop Reagent (20 uL)  U&IIAANNTUVDINTITDIAIAIBINALA microplate HAIBIUAINAIINETY
A Y U A o w o = [ A =Y

aaunszquuazianiaosi 544 nm uaz 590 nm mwdiay hliifeununsuiasgeiemySum

Y
sphingomyelin Tudedrene 1 mum@umsﬁwﬂgﬂsmﬁﬂu 96-well microplate HATATIVARUAIY
a o (% 1 { a I:d 1

microplate reader ¥UA fluorescent detector mim‘ﬁuﬂ@]’)@fﬂﬁfﬂiﬁ%z?tﬂiﬁﬁil&tﬂﬁ%ﬁﬁqﬂ%@ﬁ 96-
o (% ] 1 a 4 1 a

well microplate msmﬁuﬂmamamsﬁﬁ]mmswﬂmmazwqmm 96-well microplate (51381448

AU, 2556).

4.6 MIUATIZHAIVLIGENNATA NIRS

A8 @15ATFIUIaLa1sana Sphingomyelin vosfog1auy lilJadenso
anlnlasalniloususadiulng (NIRS) Tasgadiediannedivay 1 adans ldlu plate d115uda
A10619 MUUANHUIINAIE19%1IA Transflectance 11821510 Tanz ey umed oy u

o a 4 4 1 a o [ !
plate 118291M3 AT 12HAI01AT 09 NIRS 1 MPA Y0915 HN Bruker sanaaslugili s
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Solid Analyis:
Diffuse Refletance

Solid Analysis:
Solid Optic Probe

Liquid
Analysis
Transmitter

Process Optic
Probe

gﬂ‘ﬁ 5 17304 Near infrared spectroscopy fé Y MPA 499U3HN Bruker
a & 1A ~ a J G
anasagnmama luTagemsnazisinssumansuazma lulaggnamnisy
umImeaedailing uasilyuy

A (3 ' A9 o ) o ) a 4
LW’E)LL‘]J?Nﬁﬁ]”Iﬂ@']@fJ”I\‘]'VI@’I’OQﬂTﬁﬂﬂﬂiJ'lﬂlug‘]J"llﬂ\‘]ﬁL‘]Jﬂ@']ill"llﬂﬂ NIRS ’mm‘umhlﬂamsww

2 o d
Taglvunouaail
o v 1 A ya 4 9 A 9 =} @
11a0819N 15UA5129 NIRS 11052900 UE15A201A509 NIRS @28 1150054 Opus 1N8UND
g . ;
MITNINTIIU (ATNINTFIULYD LAB ,Lactic acid, (18g Sphingomyelin) Ta83auUY Tranflectance 11
o a g [ 1 [
Resolution 16 148¢ Scan time 32 18 NIR spectrum 111130312400 1Y) TasaunsodSundeailnasy
o [ v & A o ]
561 (smoothing) 1dv1i lilheyWusiieaanansznuvedIs UNIULAZ V8187A8DA (peak) NN

@ Y 1w 2
mm“lwmwmmﬂﬂm

4.6.1 msﬁmmsgm (Calibration) #azm13NIUAdY (Validation) 910 NIR Spectrum
1WOATIVED Calibration model NAANUEINTIBIIAdoMIIUEAI0819TABRIINAT
aa 2 o . . . .
NNADANNE T uMINIUEeY (Validation) 11U Cross Validation
. . A A o J 1 Aq v Y . .
Validation AoMsNINael Tagla1uiua15a2108190 19 14n15a314 Calibration model 118

(2 1

UA10819NIUT0Y (Validation) Iasldaisdrsgresiviuuduey lunsad1aaunis Calibration

v
v Qo o [ . . o . . Sans
ANUUNUUDINIDYIN Validation NININITNIUADU Calibration model Lﬁﬂ@]i]%ﬁ@ﬂﬂigﬁ‘ﬂ‘ﬁﬂTW

Calibration model #28A1511 Cross Validation (Valentina ttagAue, 2014).
Cross Validation Apminiuaey Iaetihasaiee1anldlunsadia Calibration model 11

IO (Validation) @0dTasnutinsenes1s 1iminig Validation uadunsaldguulTiuai
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gNADIV0Y Calibration model 18 Cross Validation 15 lunsainfiassuauiles a1sarediesiams

G G
NIDATINYIN

v d

4.6.2 mImayiusvesalansu

@

A Yy 9 o Y o o J o & o o .
Wolaidudidansuuda Winitoywusouaunilanaz ouaUd o (First/Second
i a 4 o v 7
derivative) @20 T1511n31 Opus NBVATIZHANTUWUT Az a3 19qUN5UIATFIU (Calibration model)
Aeuiiwan 1a 1vimsniueeu Validation Different #io 11
. . . a d Aaa
4.6.3 MINIUABUN Validation Different #28013IATIZHNMIADA
19174)51A53 OPUS 1890 Setup Quant 2 method 188N Spectra NA add spectrum NOYIAT
[ { a 4 4 4 [
Tnaadualansundoan13 A1z 1 180A components NA add component LAINAN spectra 1o laa
a9 L A A a P . . Y A .
1/INLﬂ3JL5]J1Vlﬂ MNUUIaBNparameter wotaon 11uamsns 1y second derivative HAADN validate
d' . d’ ) ° a A~ 1 an . . . :
AATN validate tWe 4 1UsunsuriimMsinsiemiluninieadauazns1w calibration and cross validation
20NN
1 Aaaa Y d v 1 A 1 2 ' . .
ANNEaN 15N IZHAI0819UY AD fATR-Squared(R"), ARelative percent difference
[ I 1w a QO’ v A ]
(RPD) 118¢ Root mean square error (RMSEE) Tagan R*iflusdudseansmsdaduls 14lumsdeven
= A A o < 1 A 9 9 LIRS A A 1 I
N rene lumsmuiedsmeuinlng 1 mnnudgasnmilanuduyodonin, A1 RMSEE (ilu
VoA 4 1 I 1 v A 1
ANLUoNdIANUAAIAAABY (Error) Y84auMs iazaA1 RPD iuansaaauleingums Calibration
Hanwansalumsshuerieli e RPD 1A 2 ua@asNaums Calibration a1xnsalyly
o a 4 Y A A 1 Aan g’/ A Yo o a =2 9
MsMUIMIAATILHES Ineeadudede  maaanauan lagsansaii ldinsainamn Tdums
a a o 4 1
Timadin NIRS 11 naunumsns1ninszH laeIsouq ldedramanzauiieala (Teerachaichayut 1ay

A, 2011).

v 9
517 6 agtumunmagdmanaaesld NIRS lumsnaassihunemasuaziyounaiie
ae ) ! 4 o o A & o gy Y o as o a ¢
TuTonsa Aduunlsed laniluiide) Famiinluszeznaimdesns udnih Tensarinunsiz
9
WAL U100 lactic acid bacteria (LAB) 1a83F pour plate  ¥11/31aunsauananlaeds lawsn
. . R A kS Y A yd
11AZATIINIANT Sphingomyelin TagianINMsgANAUIAT INUUATIVADUAIBIATO9 NIRS TeuTludu
[ @ v Y a d v ' =~ v A Y I . .
mlaniuvesasdlreduuariazinummaniinaznisiaainisganauueae1diilu Calibration

Model #4181 Validation different 96 Tusiae 19 lunsuiedlogeas 1

d‘ ) A Y a oA a as Y
AIHNNINITNAADN AD W’EN‘]JQ”UGIfﬂi N 223 ﬂWﬂﬂ%WlﬂﬂIuTaEIGH’Jﬂ1WL!a$1’T’éN
4' A a = a 14 =
INTDIU® NIRS a3 una luladonis ﬂmzflﬂi}ﬂi5Nﬁ1ﬁ@]illa$mﬂ1uIaEJQ@]ﬁ"IWﬂiﬁiJ

uImaeAaling daiauasilyy
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NIR spectrum

Calibration

Validation

Calibration model

Validation different

Calibration

Validation

Calibration model

Validation different

6 a5tunuauUTaIY
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UNN 5

a J
Han1Ineastias I

Y d
51 Nﬁﬂl@ﬂﬂ1§ﬁ3~lﬂimﬁiﬂ

o N Y o & ! A a Yy
fl]'lﬂﬂ'li‘ﬂﬂﬁ?)\WﬂJﬂ‘L!ﬂJﬁﬂW'lﬁLi]’é]illi"]fﬂ’JEJ‘H’JL%E]‘LJNLIGEJ’JT] 37 DA UKAULHKIN LLAIND

ad A

fed1aTansan'ldn o, 6, 12, 24, 48, 72 uaz 96 ¥ 114 ot Tansamnsoaenaznon 1Ay (curd)

A

¢ ¥ o A o A ' Y v (A
hl‘]J"IN‘Ll'I‘I'T‘L!ﬂl,‘WE)ﬂﬂ'liL‘]JﬂEJ‘L!LL“]Ja\i"llﬁ)\iﬂ'li‘lfiiJﬂTlL’le'Nc]hlﬂNﬁﬂ'liTlﬂﬂ’ENﬂQgﬂTl 7

A o as A ' M Y o A { o A
E‘IJ‘VI 7 Wﬁﬂ"liﬁilﬂiﬂlﬂﬁ@]ﬂ!’JaW’lNc] fiﬂﬂuﬂJﬁﬂWTﬁ!ﬁ]ﬂi]li“lfﬂ'JfJﬂ’Jl‘]fﬂuNLlﬁﬂ'J UUNN 37 0371

=S
LyaULHY T

~ o a ~ ) ¥ )
gl 7 AunamsniinTemsan 0, 6, 12, 24, 48, 72082 96 ¥1 103 WUIHITNAZNDY
11581 0.00, 0.00, 0.00, 169.25 , 240.15, 279.00 LA 97.85 ATUAINAIAVAIVL1IN 24 U2 THI ITUNA
A Aa 1 Aa A a = 2 4 o < ~
mﬂauiﬂwumiﬂmw Lﬂgﬂ(curd)!l,agliil!ﬂﬂﬁ$ﬂf)‘LlT‘]Ji@]uﬂWﬂﬂluLﬁﬂﬁMﬂﬁﬂiu“D”ﬂMﬂﬂ 48 — 72

& < H ' A o & ~
¥ Tug aumumsuenyuvesaIulavazaznou Tdsausanu lunal 96 ¥ Tusuaasluaisian 3

A Y] ad 4 < Y ) 3 4 v A =
A1T19N 3 Naﬂ”li‘ﬁllﬂiﬂlﬂiﬂmﬂullﬁﬂW”lﬁLi]f)i]li“Ifﬂ’JfJﬁ’Jl%f)umﬂd’ifJ’J‘HlIﬂ‘VI 37 NALB R YT

Fermentation time Curd pH % Lactic acid
(hour) () (W/v)
0 0.00 6.30 0.32
6 0.00 6.32 0.37
12 0.00 6.02 0.45
24 169.25 5.20 0.67
48 240.15 4.18 0.99
72 279.00 3.97 1.24
96 97.85 3.80 1.65
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d' d' 1 d' o 1 9 (% =Y A g
1N3UN 7 4aza13190 3 WUN 0-72 $2113A1 pH anadaeandoInulTuansamuIuny
o YA = g ld' o d' %’ ] = d’ a
na1 M IRNazneu TUsauvTuaIuna uans 1399 96 niinazneu lUsAuanauiieannnsaLanan
=Y 4 Y] 3’/ o %’ o {
HSnanganniassadnluanavesaznoulusaugnaailuaedus shldihminagnouTsaun
& A X . . . ' a '
96 ¥ luganasmsi)asuuiasvesr/sunandselactic acid bacteria (LAB), AINTALAAAN LLAZAINIT

A @ ] ad d' Y ] d' 1 d'
@jﬂﬂauu’ﬁﬂﬂl’ﬂﬂﬁ’.}@EJ'NTEJLﬂiGlﬂvlﬂﬁ]'lﬂﬂ'liﬂuﬂ‘l/ll’.]a'lﬁ1ﬂ""] uﬁm“lu;sﬂm 8

350 18
16
300 /
7\
250 \ T 12 /
200 '

%o lactic acid
=] k
co

150 \
\

100 \ : ;'/
0.4 4
50 4
\‘ 0.2
0 4 T T 1

0 T T 1
50 0 50 100 150 0 150

50 100
Fermentation time (hour) Fermentation time (hour)

Total bacteria (cfu/ml)}{(*10*7)

~ A =Y . . . 1 a % [ Al A
31N 8 manlasu)asvesifunas lactic acid bacteria (LAB) HagAINIALAnANUDIA10819 TotAsai

! o o o & ! 4 a
LI N Gluﬂ’liﬁllﬂuuﬁ@WWﬁlﬂﬂiqimﬂsjﬂﬂﬁjL%@uﬂllﬁﬂﬁ N 37 9NAE ALY

~ VoA o dy A 49! = < Y ~
1INgUN 8 NUNAFIIA10 — 12 §2T04 (lag phase)1/TFOLAB iinIuRouantios 7
' @ X P 1 ' A A 9 1
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o X X a ' A A A v A1 A g
6]5'31“\1 (statlonary phase) lﬁll'lml(’]f@LAB AN TNLIAN ﬂiﬂllaﬂﬁﬂiu"]fj\iﬂluﬂﬁuﬂ'ﬁWllﬂllﬂ’lﬁll@u
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TumsasraounnuiullldlumsmlSuanse LAB lagldiasesailalasalnilou
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Wusadulng (NIRs) lumsasizdimdSnanse LAB lulania Tasiimdoawalsiiinaunou

o a sy = Y [ dy
UINNUATITHAIY NIRS m"lﬂwamsmammu

d
5.2.1 waminslarmfsanar LAB lulainsa
A o ' ~ @ ~ =
WeninunluagaszeznaIno, 6, 12, 24, 48, 72 uaz 96 ¥ 114 N1 37 seralea
Yy A Y o (S &1 as Y a
118219091911823AA1 Absorbance LazATIV11L5U11F0 LAB 18T Total plate count A18tNALA Pour

Y [ A
plate laMaAIn13197 4
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~ ad o at @ a -4 ant a
M3199 4 151 LAB TuTeinsanin Taed5mias291u9aunid 1aeas Total plate count (MAIA pour

plate (CFU/ml)
Sample Dilution Total plate count Average total Bacteria

(CFU/ml) (CFU/ml)

0 hr Fermented Milk 10" 9.70x10° 9.60x10°
10° 9.50x10°

6 hr Fermented Milk 10" - 1.12x10°
10° 1.12x10°

12 hr Fermented Milk 10" - 1.49x10°
10° 1.49x10°

24 hr Fermented Milk 10° 1.45x10° 1.98x10’
10° 1.60x10°
107 1.60x10’
10° 3.00x10
10” 5.00x10’

48 hr Fermented Milk 10° - 2.75x10"
107 3.12x10"
10° 2.03x10"
10” 1.45x10"

72 hr Fermented Milk 10" - 3.23x10°
10° 2.05x10°
10° 4.40x10°

96 hr Fermented Milk 10° 1.175x10° 1.14x10°
10° 1.10x10°

~

{ v o Y a J v o
AAITNN 2 uaAIMIHUTIUIUNTATIVUVIAUNT I (CFU/ml) VOIUNHNNYI TS

q

1 1 o A o ) a A d a A o ' 3
WTQG]WTJ’J"I(IHGKTJINQVI 48 HAMNTTATIVUUIAUNTY (CFU/ml) lﬂﬂ‘V]q@Luﬂ\ﬁnﬂigﬂgljaTQQﬂaTQLﬂu
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5.2.2 wamslimaiia NIRS asavifSinanye LAB lulamsafieuiumaiia Pour plate

A o as A ' o M Y o A ! A
Werh Tamsanna1a1egueamsninuNaamIanes lsdaieruyeuualiedn 37 aam
a 4 4 A % (%
waea 1Anszvaraaseutiesoursamialasalni (@a1zminiiniadle NIRS Aslauuy
P . . -1 A o ¥
Tranflectance 1 Resolution 16 Li6% Scan time 32 wavenumber 4000-12000 cm ) ou)swalit lanly

v o o ) a 4 dy ad Y v A A
anlaasudmimhundmaziviie LAB lulunse lanadagii o uazasai 5

= water

24 hr Fermented Milk (107)

. 24 hr Fermented Milk (10
w24 hr Fermented Milk (107)
24 hr Fermented Milk (10°)

w24 hr Fermented Milk (10”)

T T T I I T T T T
12000 11000 10000 9000 8000 7000 6000 5000 4000
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i
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Y [ Y v &I A vy 3 A -5 9 ad
gﬂﬂ 9 uanasy NIRS 930170819430 LAB U133 1UADINAWUINAUN 10 - 10 1M iﬂﬂiﬂ!ﬂi@l

o A & Y o A ” A 2 -
HUNN 24 GI)"JIIN @'JEJVT'Jlflff)l.lllllﬁﬂ?iuuuﬂﬂw'lﬁmﬂiuli“ﬂ N 37 DNAE ALY T
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[ N ' Y
M15190 5 A1 Absorbance Units (em™) iwnluiduainlnasy NIRS 103610619130 LAB 11a5511170
kY ¥ J A -5 -9 ] ad v A 1 9 @ dy 4
vemeiinaui 10°- 107 11 nnlansanininaine s useumFor luungama

o S w A ~
Lﬂ@ivli"lf‘ﬂilﬂ‘ﬂ 37 DALY

Absorbance Unit (Peak Height) at Wavelength (cm’)

8569 6910 5546 5178 3996

Samples (C=0) (O-H) (C-H) (O-H) (C=0)
water 0.55245 1.11214 0.62863 2.0664 2.0129
24 hr Fermented Milk (10_5) 0.52613 1.09582 0.61153 2.0146 1.9646
24 hr Fermented Milk (10_6) 0.54458 1.11292 0.63019 2.0217 1.9646

24 hr Fermented Milk (10_7) 0.52883 | 1.10281 0.61386 2.0539 2.0022

24 hr Fermented Milk (10_8) 0.54395 | 1.08182 0.62397 1.7732 1.7304

24 hr Fermented Milk (10_9) 0.52537 | 0.99086 0.59598 1.4012 1.3745

o Y ' X A 9 ¥ s A 5 9 1oAY Y

nnan)aaiy NIRS 109@106191%0 LAB 1103511 00919a2011naud 10°- 10711714010

o A A ] v Ay Y < o ' a

M50 NIRS (317 8 waza1319h 5) nunanlnasuin ldninmsduvesluana lassamvosdiedslasl

'] A A 14 o ~ -1 S < o A -1

NYA199 AN 8569 cm 1UMIAUVDI C=0 716910 cm Wl umMsaUIDI O-H 915546 cm
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Warouu5e18 lann 37 ssmwaiea i insizvalonseuiiessurusaalalasalnil (@n1iy
mi@]i’miﬂﬁ}iﬂ NIRS ﬁ@i’mmu Tranflectance N Resolution 16 Scan time 32 118% wavenumber 4000-
. } < @ o @ o a ¢ ¥ ac o {
12000 cm™ ) wieulswald Iailuanlaasudmsuiihmnimsigivnuse LAB lulemsa Tawaasgld 10
A
Az 1N 6

naanlanTuued NIRS ¥84d10813 LAB 1'ldnnmsniin Tansannaiaiegnnmsninuy
o &l Y v ] 1 ' o v
aavae’ lsdmeiusoumlseins7 esnwaied (31 10 nazaisieh 6) wunmnasuild 18
) o 1 PR A A R & A
nnMsduvedluana IagsIuvoId108191AslnA199 AN 8569 cm IJUMIAUYBIC=0 11 6910
1d & A < @ A < 3 A -
em 1WUMIdUV0d O-H 9 5546 1Tumsauves C-H 015178 tfumsauveod O-H uazh 3996 cm
< @ 3 = :
Wumsduves =0 Mndoyanumsduiuaaity C=0 uaz C-H Fauaas luanaved lactose Y94
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0 hr Fermented Milk
6 hr Fermented Milk
12 hr Fermented Milk
24 hr Fermented Milk
48 hr Fermented Milk
72 hr Fermented Milk
96 hr Fermented Milk
Delight

water
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Wavenumber cm-1

6000
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51U 10 Fuanlnaiu NIRS v09i10619 LAB luloinsamininaidieg amnmsuinundanianes

d 9 @ dy 4 A = o 9 A o
]13"”11 Mo aFeudIed N 37 osrsaised (FN1ILNITNTIVNIAAIY NIRS ADIALLUL

Tranflectance N Resolution 16 Scan time 32 182 wavenumber 400012000 cm’' )

~ ' - o o ' ¥ o ad {
@1519% 6 A1 Absorbance Units (cm™) UHanasy NIRS 94620619150 LAB 91nm15Hin lensah

4000

1819199
Absorbance Units (Peak Height) at wavelength(cm-l)
Sample Code 8569 6910 5546 5178 3996

(C=0) (O-H) (C-H) (O-H) (C=0)
0 hr Fermented Milk FM 0 hr 0.55737 1.04342 0.61613 1.73252 1.70095
6 hr Fermented Milk FM_6 hr 0.51660 1.03623 0.58575 1.92918 1.91759
12 hr Fermented Milk FM 12 hr 0.55977 1.07620 0.61613 1.92918 1.90720
24 hr Fermented Milk FM 24 hr 0.61893 1.14495 0.67449 1.91959 1.92159
48 hr Fermented Milk FM 48 hr 0.65490 1.26886 0.74963 1.93718 1.98234
72 hr Fermented Milk FM_72 hr 0.67409 1.27525 0.77042 1.94517 1.98234
96 hr Fermented Milk FM 96 hr 0.56784 0.81515 0.61083 0.89710 0.87700
inoculum Delight 0.0 0.56916 0.99289 0.59558 1.56820 1.49160
water Water NO.O 0.55198 1.1117 0.62760 2.06520 2.01000
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0.002

5.2.3 M3MOYIWUS (First and Second derivative) Yosalanu NIRS vodtie LAB
4 H v
ndualansy NIRS ¥09@296191%0 LAB 1195 g1uanmsnsin Temsai 24 52 Tusun
A Y ¥ A -5 9 1 A ) o Y ' X Ay ¥
evIAIeINaun 107 10°m1 (U 1) vezidudilnasu NIRS ¥94610819%0 LAB i 14910013
by ag A ' by M ey o A !  ay oA =
win Tensannaaeqnnmsninuuaananes lsdaieiadount5edd 1ain 37 ewruvaidod

o QJ é

{ o o 4 . . . o ' ]
(U 9) WnnseoyusouAUnaaz @e3 (First/Second derivative) lanaaszif 11 uaggla 12

o %
QNS RICHT]
i First Derivative
a T T T T T T T T
12000 11000 10000 s s - 6000 5000 4000
-1
wavenumber(cm )
Second Derivative
RS
_ |
T T T T T T T T
12000 11000 10000 9000 8000 7000 6000 5000 4000

wavenumber(cm’)

{ [ v Jdo o % . . . o
gﬂ“ﬁ 11 miVﬂ’E]lgWH‘ﬁﬁ)uﬂ“Uﬂﬁilm&ﬁ’EN (First and Second derivative) vosanasy NIRS ¥4

) ' A A 9 ¥ d A 5 9 ad o A o
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Second Derivative
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wavenumber(cm’)

v o

gﬂﬁ 12 msv‘imuﬁuﬁ UAUNTAZ D4 (First and Second derivative) mmﬁ’umﬂﬂm'ﬁu NIRS U943

% 1 &’ dl 9 Y ad d' 1 4 < Y Y] &’
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{ 4 =
1587 1 37 osrus Ao

31



v
Y v =<

o 4 . . . A A o
NAMIMBYWNUTIUAVH UL A (First and Second derivative) (317 11 taggin 12) whn

a d aa F) v A
AATHAMNEDA Tawanagili 13

500 | | I
R’ 90.12
400
RMSECYV 41.1 f’fﬂ?
NIR 300 RPD  3.19 #’,,#’
Bias -2.24
Total plate count 200
(CFU/ml) 100- &
|:| i
-100

0 50 100 150 200 250 300 350 400 450 500

Total plate count (CFU/ml)

319 13 Calibration and Cross Validation t§uai/na5u NIRS v03#70819 LAB 71 1dn1nmswiin

ad { v = ada 4 a 4 a
TonsannaaefeuITAAI1LHA835 Total pate count (IATIEHAWNATA pour plate)

{ < 3| { I VA 1 *
nngd 13 vaasldmwdunsdduua Tduiluduass uaminlddeudranszae &l
AMRIMNIN 90.12  RMSECV 1WA 41.1 CFU/ml - RPD 1A 3.19 uag Bias A1 —2.24 910HaN
Y P T < o & Y o B A gy a v ), X &
Taoglumnmainaoudiudes Jesuiludesiag e ldadiuua Tdulndiduaswniu Faluouinn

] Y
ot Idneziiimatia NIRS i 1Flumsasiviafiinanye LAB unudT pour plate Tulansa
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a Y g‘/ =\ A Ay o = a d3a 2] =2
Gluq@]mwﬂﬁnmiwaﬁumﬁmuuuwmﬂmmmm FINTALAAANNIIUAIVIVDNDIIN
o o o ' Yy 9 A "X a 4 a 9 o a 4
unwuﬂmmmuﬂﬂﬁ]muw”lmu,mma”ln %Qﬂ1i?£ﬂi1$ﬁﬁ1ﬂiﬂllaﬂﬁﬂ@]fN‘VﬂIﬂﬁlﬁlﬂi1$ﬁﬂ1ﬂﬂﬁqﬁ
= o @ ] 1 2K A o 9 A I % ] 1
MIAFINIANYAIDYWNLASYIYIN IIUNITUT NIRS 1111“11!,1/‘!ﬂlﬂuﬁ3“1138111ﬂ1§aﬂﬂ31hq081ﬂ1uﬂ15
a 4
AUATICH
Jd & d a A A .
5.3.1 N'ﬁﬂ"liﬂi')‘i]‘l’n!‘ljﬂilcﬁuﬂﬂiﬂ!!aﬂﬂﬂiﬂﬂﬁﬁ!ﬂ‘u (titration)
A = a a d Y 9 any = a
LﬁJi’Wli’Jil‘lri”lﬂiﬂﬂmﬂimm‘ﬂ@ﬂﬁnﬂfﬂiTJLﬂi"l%ﬁﬂ’lflﬂ?ﬂ?‘ﬁmumﬂuﬂﬂ"lill@]mi‘ﬂ
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~ a ad @ a d Y any = a . .
MMITNN 7 Suansavananlulansanin iﬂﬂﬂﬁ’Jm5wﬂﬂ’JFJJﬁLﬂNL‘VIﬂUﬂﬂﬁ]lm{?’]i‘l/] (titration)

Sample Volume of NaOH % Lactic acid
(ml) (wW/v)
0 hr Fermented Milk 1.70 0.32
6 hr Fermented Milk 2.00 0.37
12 hr Fermented Milk 2.40 0.45
24 hr Fermented Milk 3.55 0.67
48 hr Fermented Milk 5.30 0.99
72 hr Fermented Milk 6.60 1.24
96 hr Fermented Milk 8.80 1.65
inoculum 4.00 0.75

{ 1 1 a ad 1 A 2 [ .
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T Aasgvigranseaiiessurhisaanlalasalnil  (@an1iznsnsdniadie NIRS Ao datl
A . . -1 A Vg
Tranflectance N1 Resolution 16 Scan time 32 (@Y wavenumber 4000-12000 cm ) Lwauﬂswa“lﬁ"lmﬂu
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~ Y o a AaA y ¥ 4 A Y 9 1
:jj‘]J‘i/] 14 mumﬂnmu NIRS GUEN?HE3JW]5:§TL!ﬂimmﬂ@]ﬂ‘ﬂLi]ﬂﬁ]1\iﬂ’mu1ﬂﬁu‘ﬂﬂ’ﬂmsllMﬂlu@]Nc]

M57190 8 A1 Absorbance Units (cm ) ¥o3ensmasgiunsanananinu luduanlnasu NIRS

Absorbance Units (Peak Height) at wavelength (cm_l)
Sample Code 6910 5546 5178 3996

(on) (C-H) (OH) (C=0)

Lactic acid 0.0%(water) LT 0 1.1160 0.6210 2.0959 2.0475
Lactic acid 0.5% LT 0.5 1.0970 0.6094 2.0799 2.0395
Lactic acid 1.0% LT 1 0.8412 0.5591 1.0298 1.0214
Lactic acid 1.5% LT 1.5 1.0912 0.6119 2.0373 2.0129
Lactic acid 2.0% LT 2 1.0830 0.6055 2.0666 2.0395
Lactic acid 2.5% LT 2.5 0.9749 0.5900 1.3790 1.2906
Lactic acid 3.0% LT 3 0.9427 0.5771 1.3496 1.2906

vy oy

nnalaniuvesasasgIunsatanan (JUN 14 uazai1an 8) nunanlnasunla laen

o @ ] T { I )
msduvesTuanalassanvesdiodns Iasiinga1ee Aof 8569 1Hlumsduues c=0
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0.8 1.0 1.2 14 1.6 1.8 2.0
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12 hr Fermented Milk
24 hr Fermented Milk
48 hr Fermented Milk
72 hr Fermented Milk
96 hr Fermented Milk
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A Y Y] a ad v A 1 9 o dy 4 v a
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~ ' . oA 9 ) a acd v A
199N 9 A1 Absorbance Units (cm ) Anuluduan)nasy NIRS voensauananved lensanuna

1A
Absorbance Units (Peak Height) at wavelength(cmfl)
Sample Code
6911 5600 5182

(O-H) (C-H) (O-H)
0 hr Fermented Milk FM_0 hr 1.04342 0.6148 1.7301
6 hr Fermented Milk FM_6 hr 1.03623 0.5835 1.9302
12 hr Fermented Milk FM_12 hr 1.07620 0.6148 1.9273
24 hr Fermented Milk FM_24 hr 1.14495 0.6750 1.9215
48 hr Fermented Milk FM_48 hr 1.26886 0.7477 1.9360
72 hr Fermented Milk FM_72 hr 1.27525 0.7690 1.9447
96 hr Fermented Milk FM_96 hr 0.81515 0.6085 0.8980
inoculum Delight 0.0 0.99289 0.5985 1.5678
water Water NO.O 1.1117 0.6223 2.0636
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o o < Y o j‘ g =) P = A o o 4
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A1519% 10 A1 Absorbance Units (cm ) UHd1nasy NIRS VOIF1TNINTIIU Sphingomyelin na

Lelgljmgljuﬁhic] 14 Chloroform (pg/ml)

Absorbance Units (Peak Height) at Wavelength(cmfl)
Sample Code 11818 8677 7090 5909 5377, 5277 4212
N-H C=C (C=0) C=C C-H C-H
Chloroform std 0 2 0.46784 | 0.49488 | 0.49321 | 0.98258 | 0.46207,0.39360 | 1.30416
SpM Std. Conc. std 120 2 | 0.46301 | 0.49110 | 0.48932 | 0.99035 | 0.45980,0.39576 | 1.32472
120 pg/ml
SpM Std. Conc. std 140 2 | 0.47499 | 0.50054 | 0.49838 | 0.94719 | 0.46925,0.40763 | 1.22118
140 pg/ml
SpM Std. Conc. std__160 2 | 0.45407 | 0.47977 | 0.47847 | 0.97870 | 0.44998,0.38626 | 1.32601
160 pg/ml
SpM Std. Conc. std__ 180 2 0.46355 | 0.48651 | 0.48058 | 0.85336 | 0.45149,0.39813 | 1.05629
180 pg/ml
SpM Std. Conc. std__200 2 | 0.45139 | 0.47977 | 0.47944 | 0.97870 | 0.45149,0.38777 | 1.32860
200 pg/ml

NNEAATUYDIAITNINTFIU Sphingomyelin NAMMAINTU 120, 140, 160, 180 tag 200 pg/ml

]
=

gy Chloroform #1 1401nN13 38 NIRS (511 23 naza1s19i 10) wunalnasuvesnaes IsWesui
v v < o ' = ' A A 14 &

18" 1dninmsduvesluanalassivuesdirodiaIaeiivgaiegdo # 11818 cm iunsduves N-H

A g < A < 3 = B 3

18677 cm W uMsduved C=C 17090 Humsduves C=0 95909 cm W UMIAUVD

C=C 15377,5277 cm’ 0@z 4212 em ' Fumsduved C-H uag SpM Nanududu 120, 140, 160,

' v

o A Y =2 o

=\ o I A A 9
180 182200 pg/ml UMsauNAMeAaINUAae lsWosue i umszasnaTgIn SpM N1l5uaioy
11N UANANVUANANAUNANINFIVRIYALDA BINAATINMTTUAUVDIATUIATFIU SpM AUAIN
= 9 [ L= ~
aza1e sudumlaaiuvesnaslsosulininnugevedgageauiniganaza1suInggIu

A Y

Sphingomyelin NAMUITUTY 120 mg/ml TAIANNGIWOIAEEANTTDTA
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A13197 11 A1 Absorbance Units (cm ) Yo9dinasy NIRS luaisdana Sphingomyelin ndana

Y o [ ad o A 1
1@andredaTomns anininane

Absorbance Units (Peak Height) at Wavelength(cmfl)

Sample Code 11818 8677 7090 5909 5792, 5682
N-H Cc=C C=0 Cc=C C-H
Chloroform std 0 3 0.48327 | 0.50496 | 0.50400 | 0.98428 -
SpM Extract 1 (0 hr) sm 0 no.l 3 0.46008 | 0.48606 | 0.48381 | 0.95550 | 0.38189,0.37931
SpM Extract 1 (6 hr) sm_6 no.l 3 0.47059 | 0.49380 | 0.48961 | 0.95550 | 0.39155,0.38898
SpM Extract 1 (12 hr) sm 12 no.l 3 | 046397 | 0.48843 | 0.48553 | 0.97891 | 0.38704,0.38318
SpM Extract 1 (24 hr) sm 24 no.l 3 | 046264 | 0.47382 | 0.46469 | 0.74822 | 0.46115,0.43730
SpM Extract 1 (48 hr) sm 48 no.l 3 | 045058 | 0.46995 | 0.46233 | 0.85648 | 0.40960,0.39735
SpM Extract 1 (72 hr) sm 72 no.l 3 | 045325 | 0.46609 | 0.45889 | 0.71729 | 0.46566,0.43924
SpM Extract 1 (96 hr) sm 96 no.l 3 | 046470 | 0.48241 | 0.48016 | 0.90781 | 0.40508,0.39606
SpM Extract 2 (0 hr) sm_0 no.2 3 0.45881 | 0.47155 | 0.46317 | 0.75973 | 0.45527,0.43210
SpM Extract 2 (6 hr) sm_6 no.2 3 0.45849 | 0.48246 | 0.47784 | 0.91398 | 0.41207,0.40351
SpM Extract 2 (12 hr) (water) sm_12w no.2 3 | 046429 | 0.48783 | 0.48509 | 0.95993 | 0.39142,0.38808
SpM Extract 2 (24 hr) (water) sm 24w no.2 3 | 0.46091 | 0.40300 | 0.48139 | 0.89284 | 0.41270,0.40238
SpM Extract 2 (48 hr) (water) sm 48w no.2 3 | 0.44978 | 0.47601 | 0.47123 | 0.95993 | 0.38110,0.37755
SpM Extract 2 (72 hr) (water) sm_72w no.2 3 | 044398 | 0.47209 | 0.46526 | 0.96182 | 0.37271,0.37002
SpM Extract 2 (96 hr) (water) sm_96w no.2 3 | 043930 | 0.46510 | 0.45752 | 0.89813 | 0.36691,0.36476
SpM Extract 2 (12 hr) (curd) sm_12c no.2 3 | 046429 | 0.47386 | 0.46220 | 0.62204 | 0.48493,0.45467
SpM Extract 2 (24 hr) (curd) sm_24c no.2 3 | 046026 | 0.48515 | 0.48574 | 0.95241 | 0.39206, 0.48695
SpM Extract 2 (48 hr) (curd) sm_48c no.2 3 | 0.44849 | 0.46618 | 0.46655 | 0.77505 | 0.43334,0.41630
SpM Extract 2 (72 hr) (curd) sm_72c no.2 1 | 046188 | 0.46517 | 0.45462 | 0.62042 | 0.48364,0.45204
0.45591 | 0.45999 | 0.45333 | 0.63897 | 0.49461,0.45844

SpM Extract 2 (96 hr) (curd)

sm_96c no.2 3
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Absorbance Units (Peak Height) at wavelength(cm'l)
Sample Code 5377, 5277 4335 4212
c-H c-H C-H
Chloroform std 0 3 0.4753, 0.40670 - 1.31291
SpM Extract 1 (0 hr) sm 0 no.l 3 0.4579, 0.39445 0.4038 129638
SpM Extract 1 (6 hr) sm 6 no.l 3 0.4681, 0.40219 0.4167 0.24413
SpM Extract 1 (12 hr) sm_12 no.1 3 0.4620, 0.39639 0.4167 1.32870
SpM Extract 1 (24 hr) sm 24 no.1 3 0.4426, 0.40670 0.7466 1.26668
SpM Extract 1 (48 hr) sm_48 no.1 3 0.4447, 039188 0.5468 1.25202
SpM Extract 1 (72 hr) sm 72 no.1 3 0.4396, 0.40670 0.7672 1.22795
SpM Extract 1 (96 hr) sm 96 no.1 3 0.4538, 0.39896 0.5069 1.30051
SpM Extract 2 (0 hr) sm 0 no.2 3 0.44269, 0.49399 0.7210 1.2609
SpM Extract 2 (6 hr k) sm 6 no.2 3 0.46300, 0.40593 0.5168 1.3012
SpM Extract 2 (12 hr) (water) sm 12w no.2 3 0.46687, 0.40061 0.4254 1.2878
SpM Extract 2 (24 hr) (water) sm 24w no.2 3 0.45672, 0.40206 0.5276 1.2797
SpM Extract 2 (48 hr) (water) sm 48w no.2 3 0.45527, 0.38900 0.4160 1.3093
SpM Extract 2 (72 hr) (water) sm 72w no.2 3 0.45140, 0.38368 0.3959 1.2972
SpM Extract 2 (96 hr) (water) sm 96w no.2 3 0.44124, 0.37690 0.3865 1.1667
SpM Extract 2 (12 hr) (curd) sm 12¢ no.2 3 0.43979, 0.41608 0.7788 1.0027
SpM Extract 2 (24 hr) (curd) sm 24c¢ no.2 3 0.46095, 0.39577 0.4483 1.3173
SpM Extract 2 (48 hr k) (curd) sm_48c¢ no.2 3 0.44704, 0.41995 0.6350 1.2098
SpM Extract 2 (72 hr) (curd) sm_72¢ no.2 1 0.43301, 0.40931 0.8205 1.0659
SpM Extract 2 (96 hr) (curd) sm_96¢ no.2 3 0.43959, 0.41222 0.8971 1.1976

910317 24 11azA15190 11 a5ania Sphingomyelin 1 lavnmsana lansanminh o, 6, 12, 24,

v
v A

@ = o o ' ) ad
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- Sphingomyelin Standard Solution (0, 120, 140, 160, 180 tta2 200 png/ml)

a¥aua1T AT §1USphingomyelin0.002 n3u Tunaslsvosu 10 Haaans iuilu Stock

Y A Y . . A Y 9 1 =y a aa
LLE‘YJL%@i]T\ii]ullﬂﬁ'l§ﬂ$EﬂEJiﬂG]§§1uSphlngomyehn T]ﬂ’JﬁJHJZJﬂJHG]N“”]TJiZJW]i 2 yanansg

ol

Concentration (pug/ml) 200 180 160 140 120
Stock 200 pg/ml 2 1.8 1.6 1.4 1.2
Chloroform (ml) 0 0.2 0.4 0.6 0.8

- Lactic acid Standard Solution

A3 ENETAA10IATFIN Lactic acidinnuguduaenU5inas s faaans fail
Concentration (%) 3.0 2.5 2.0 1.5 1.0 0.5 0
Lactic acid (ml) 016 | 0.14 | 011 | 008 | 005 | 003 | 0.00
Water (ml) 484 | 486 | 489 | 492 | 495 | 497 | 5.00

- 2N NH,OH 13311015 100ia8ans (MW.= 35 ,assay 30% ,A1M893UNIZ = 0.898)

equivalent weight = 35n5W
2 equivalent ofNH,OH

2N =
1000 ml
135030191000 Hadans U NH,OH 2 equivalent
2 X100

A130219100  1addAs U NH,OH =0.2 equivalent

1000

NNTUNIT

mass of NH,OH

ivalent ofNH,OH = ——————
equivalent ofNH, equivalent weight

mass of NH,OH = equivalent of NH,OH x equivalent weight
=02 x 35=7n3U
911 assay 30%

ADINT NH,0H30 N5 #0999 NH,0H 11 100 niu
7X100

@04N3 NH,0H7 n5u A09%3 NH,0H W1 =23.33 N5

10 ANWDNTUNIZ = 0.898
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NH,OH #1in  0.898 3y oglu NH,OH 1adans

. . , 23.33x1 o n
NH,OH %1in 2333 iy oglu NH,OH oo 2398 adans

9
v v

a A aa ¥ ) o I A aa
A1 UnJaNH,OH 11 25.98 Haaans azareluihnauuazlsuifsuasilu 100 Haaans

v
- Alkaline water 2503adans(douasounouldnunnasa)

a aa [ ¥ o a aa
ﬁ’ewﬁu 2N NH,OH 1511035 0.10a8a0a5 DU 1WINAY 250000803

- 0.1 M methanol KOHY33105 100 ﬁaaaﬂ’i(MW.=56, assay 85%)

A1582a191000 Naaans U KOH 0.1 x 56 ATY

o A A 0.1x0.56 X100 o
71902019100 Uaaans ¥ KOH 1000 =0.56N3Y

A0IMs NH,0H30 N5 @09%3 NH,0H 11 100 N5y
7%X100

@093 NH,OH7 n5u A0 NH,OH 1 =23.33 ASU

- Saturated methanol KOHYU331a5 100 ﬁaaaﬂi(MW.=56, assay 85%)

a2a19 KOH 30 N51 11 methanol YS11@5 100 Uadans L!ﬁ}’lﬂ‘iﬂ\i@%}ﬁﬂﬂi$@1‘]&|ﬂ‘ifl\ﬂﬁlﬂfiaﬂ

uaaula

- Aqueous methanol HCI(IN HCl)ﬂ%mﬂﬁ 1003102805 (MW.=36.5 ,assay 37% ,
ANNDIDUNIE = 1.19)

equivalent weight = 36.5031

1 equivalent ofHCL
1IN =

1000 ml
15920191000  Uaaans 3 HCl 1 equivalent
noaa o 1X100 _
91308019100 yaanas 4 HCI 1000 =0.1 equivalent

INTUNIT

mass ofHCI

equivalent ofHCI = - -
equivalent weight

mass of HCI = equivalent ofHCI x equivalent weight

=0.1 x36.5=3.65N54
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911 assay 37 %

#0913 HCI 37050 Ao HCI 11 100
, L. s 3.65x100 3
#9473 HCI 7 0fu ADWIIHCI 1 —————=9.86n
910 ANUDNTUNIE = 1.19
HCI Win 119 nin eglu HCI 1 Uaaans

” ” . 9.86X1 A an
HCI win 986 n3w  oglu HCI g 829 indidas

Y
v W

a\ A Aaa [ I a Aaa
aaviu MilaHCI 11 8.295088a5 azatelumethanol uazil5u5uas5i3lu 100 Hadans
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Y. WaN13 Pour plate

A1519% 15 #amM3 Pour plate Y9IAIDY

=1

J1wanmIinaaeq

Sample Dilution anyazhn Average
5109 colony
FM 0 hr 10° inalalall 10
Aoundandin EGATRRLIY
T 0/1 YUIALEN
FM 0 hr 10° inalalail 9
AouNEANIND naNdYIYY
2T 02 VUIALEN
FM_6hr 10° inalnlall 107
AouudAnin naNdvIIYU
1T 0/1 VUIALEN
FM_6hr 10° inalalatl 116
AouuAANIN nandvYU
T4 02 VUIALEN
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[
S

silnamsnaana

Sample Dilution anyuzn Average
13109 colony
FM_12hr 10° inalnlall 149
AouudaAnin naNdvYu
FTuadt 12 VALEN
FM_24hr 10° inalnlafl 143
AouNEANIND nandvMIYU
T4 24/1 VAN
FM 24hr 10° inalalail 147
Aouudanin naNdvIIYU
F1 a7 2472 VAN
FM_48hr 10° inalalail 229
AouNEANIN nauFuIYU
F1Tuad 48/1 YALEN
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[
S

silnamsnaana

Sample Dilution anyuzn Average
13109 colony
FM_48hr 10° inalalal 248
AouudaAnin naNdvYu
FTuad 4872 VALEN
FM_72hr 10° inalaladl 218
AouNEANIND naNdYIYY
T 72/1 VAN
FM_72hr 10° inalalall 192
Aouudaniin naNdvIIYU
FTuad 7212 VAN
FM_96hr 10° inalalail 144
GRITVGER I nanduMYU
1 T2197196/1 VAL
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[
S

silnamsnaana

Sample Dilution anyuzn Average
13109 colony
FM_96hr 10° inalalall 121
AouudaAnin naNdvYu
2 119 96/2 VALEN
Delight -5.0 10° inalalail 106
A = -4 = [
Aouud lav /1 naNAUIYU
<
vuA@an
Delight -5.0 10° inalalall 95
A = 4 = [
Aouua lan 2 nanduMIYU
<
vua@an
Delight -5.0 10° inalalail 91
A = -4 = ]
Aouwa lan /3 nanduMYU
<
YUIALAN
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Annadnnusegaunsaiu Colony forming unit / ml (CFU/mI)

o L a o [} 1 H [ 1Y
NUIFAANFIN (cf/ml) = (F1uuTaTatiAFnadsganlalue1is) x 0931915199919

~ ' ° A A o '
Q13197 16 A1 Cfu/ml taz311u 1a Tatlimasueaained

Sample Dilution Average Total Bacteria

colony (CFU/ml)

FM_0 -5 10° 9.5 9.5%10°

(0 hr Fermented Milk)

FM_6 -5 10° 111.5 1.115x10°

(6hr Fermented Milk)

FM 12 -5 10° 149 1.49x10°

(12hr Fermented Milk)

FM 24 -5 10° 145 1.45%10°

(24hr Fermented Milk)

FM 48 -5 10° 238.5 2.385x10"

(48hr Fermented Milk)

FM_72 -5 10° 205 2.05%10°

(72hr Fermented Milk)

FM_96 -5 10° 117.5 1.175x10°

(96hr Fermented Milk)

Delight -5 10° 97.33 9.733x10’

(Delight)
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