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ABSTRACT

Milk quality can be determined throegh ils il composition. [t is inportant o
know the fat compaositson in milk to ensure consumption of the rght product for health
reasons. Speciroscopy can be used o shady the fat compoesition in milke. In this paper,
light propagatson in milk based on visible and near infrared (MIR) specim is
investigaled. Samples comprize skimmed amd full malk. Full milk shows higher
ahsorhance at visible (VIS) spectra compared io skimmed milk. The analysis an NIR
specim also shows that full milk has higher shsorbance peak than skimmed milk due io
higher amment of fat globule. Fourser-transform infrared speciroscopy (FTIER) anahsis
iz done to study the chemical compounds sich as C=C and O-H in milk samples.
Through FTIR, the unsatumated famty acsd and water element in the samples were
amalyzed. Both milk samples show higher waier element than carbon. Mumerical
maodeling bazed on hMonie Cardo method is also done to support experimental results.
The modeling results show that full milk bes a larger photon count compared o
skimmed milk. This is attributed to the brge fat globule i full milk that bas higher
ahsorhance over skimmed milk. Thus, chamcterization of milk fat based on
spectroscopy techmigues can maonitor milk adulteration issues, which indirectly gives us
guidance on healthy dairy intakes.

KEYWORDS: Absortance, Transmitiance., Milk fat. Monte Carlo. Spectroscopy,
Muolom count and photon loss.

L INTRODNCTHRN

Light propagation consists of three main light phenomena- absorpison, scatiering
and transmission [1]. Based on [ 2], light absorption refers to the disappearance of ploton
after hittng a particle, whereas light scattenng involves changes m photon direction
when Light hils particle or modecule, as shown in Fig. |. Transmisson mbensity, [
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decreases for both absorbed and scattersd light. The anenuation dse 1o absorplion can
be found using Eq. (1). Then, the atnenuation due 1o scattenng can be measured using
Eq. (2) where fo, @, and r are the iscident miensity before affenuation, absorpiion
coefficient and rbidity respectively [X]. The Light absorbance can be calculated using
lag fol or dogil/TI. T refiers o light iransmatianee.
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Fig. 1. Transmuited light disierbed by eather (a) absorbance (b) scattenng [2].

The exposure of a turbid medaum o the lght sowrce camses the medium to change
1o hazy and cloudy states due o the presence of the msoluble and swspended medium,
The high opagueness of a mediom cavuses the medium o become mone: turbad with hagh
degradable of light mtensary. Turbadity i3 an important parameter to measune the gualiy
of lguid, providing a wide range of applications for mankind. Fecent water gualiy
monitoring system applies Internet of Things (10T)[3].

Milk, the most consumiad dary prodioct in the world, 8 an example of tarbid
media. Fat, carbohydrates, proteins and mineral contents in malk are important 1o
dievelop a growth-mechanism effect and well-nounshes diet for mankind. Newertheliess,
the role of milk 25 a nutntiows food 15 questioned as the composition of milk kas been
altered rmuls in bealth problems. Full milk composition is being aliered by addmg

water o merease milk volume, mdirecily affecting the malk's quality [4-6].
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Spectroseopy s wadely applied o monitor feod quality. The aathentication of
raw milk from reconstiinied milk using FTIR speciroscopy [5] i done. The effectiveness
of mid-nfrared spectrometer 15 analymed and resulis show mineral composiitons of balk
milk [6]. Many specroscopie analyses are done on mulk samples w charactenze malk
fai meloding Laser spectroscopy [T], Fiber-optic spectroscopy [B], MEMS-based
Fourier Transform [nfra-Red (FTIR) spectrometer sensang [9] and Raman speciroscopy
[10F]. Theere are many applications. based on spectroscopy analysis such as the use of
Fourier Transform Infra-Bed (FTIR) w identify the maneral drog substance (purified
bentonbe) mn a drsg prodsct [11] and o analyze the chemacal properites of “Micorioms
Plrenbginifolin " as an important element m ethmomedicane [12].

Light propagation in milk samples can be modelled based on Momte Carla
technsque. Monte Carlo method applies the stochastic model that analyzes the randam
probability distnbution or pattern which 15 not precisely predicted [13]. Moate Carlo
{MC) algonithm offers a mndomized stabistical sampling o solve the complex siruchare
in malk compodition amd are wedely osed 1o siady biologeeal materials such as human
tussues [ 1].

Previows spectroscopy siodies of mulk samples focus on expenmental or
thearencal techmigue and oaly one type of spectronmeter 15 utilieed. Henee, this reseanch
aims o invesiyzate light propagation m milk samples based on experimental and
theorencal stishes. Three spectroscopy techniques are applied amd modeling s done
basiad on Monte Carlo simulaton. Two tyvpes of mulks ane compared and analyzed based
on ther opical propertes. Full milk shows higher light absorption than skinmed malk

becawse of larger fal content il

I MATERIALS AND METHODS
21 Materials and Experimental Set Up

Three different types of spectrometens ane wsed such as Ocean Oplic Flames Mear-
Infrared (MIR) Spectrometer, Perkin Eloser Lambda 750 UV TSNIR Spectrometer amd
“aran 3100 Excabbir Senes Founer Transform Infra-Red (FTIR) Spectrometer. These
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spectrometers are wsed as they cam offier large size sampling, cost-effective, fast amd

reliable messurement.

21 sample Preparalions

Ubra-High Temperatre (UHT) mlk samples consist of skimmed and foll malk
from brand ‘Dutch Lady®. Firstly, both samples are daluted with a ratio of 1:100 fior
water and mulk respectively. Dhanilled water 15 used as a reference and companson with
milk samples. A prepared sample 5 placed in the 10 mm plastic cuvene and lighily
shaken and stirred 1o miix the solution befare being placed n Oeean Chptie Flamse Near-
Infrared (NIR) Spectrometer and Perkin Elmer Lambda T30 UVVISNIR Spectrometer
al spectrum ranges of 9501630 nm and 350-860 nm respectively. A droplet of undiluied
solutien from both malk samples are tested 10 a Vanan 3100 Excalibur Seres for FTIR
spectroscopy. The FTIR spectnscopy 15 used to wannfy amd differenpate any chemical
compounds in both samples. The wavelength ranges for FTIR Spectroscopy are from
S50 1o 3950 om' with the amalysis 15 done m Varan Resolution Software. The
expenments are repeated 3 lmes o0 emsure consisbency and accuracy of the
measurensent. he output is averaged out with the standand deviation — 0001 -0.03,

23 Theoreiical Analysis

Many modeling techniques can be applied o analyze the light propagation in
random media such as Monte Caro [14-19]), Finte Element Modeling (FEM) [20] and
Finate Dnfferent Time Domain (FOTDN [21]. Vaskova e o, [10] state that mathematcal
evaluation can be wsed o measure the accurate mulk fat content for the quality control
of the milk product. Here, Monte Cardo modehing technigque 15 used 1o samuolate the
photon count and photon less momilk. The selected rechnigque can be waed 1o observe the
amouml of photon transnmitted amd loss i doamesed and full malk whene the scattering
factors such as inbermal coefficunt, anpotropie parametens and forwand power are
malyzed. Besides that, Monte Carlo can rack the movement of photons mside the
samples which expervence absorption, scamering and power loss, Fundamenmally, the

134



(7.

INVESTIGATING LIGHT PROFPAGATION IN FULL ANI SKIMMED MILK...

photon propagation s mitiated by photon lausching followed by photon absomption,
scatterimg and 15 termamated by photon detection as depacted in Fig. 2.
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Fig. 2. Modeling of light propagation based on Monte Carlo wechnigue [17].

In Monte Carlo modeling techmgue, fowr mam steps are involved; photon
launching, photon absorplion, pheton scattenng and firally, photon detection with
conlinuois propagation [ 14].

231 Photon initialization
At the first stage, the photon is launched, followed by the step length expresaed
by Eq. (3 15].
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While u, refers to mternal coefficient, mrd 15 a random ndmber that 8 laumched
between the interval of @ and [ and will be samplad ar every executing loop, g, is the
absorption coefTicient and, g 15 the scarerng coefficient as shown i Eg. (4) [16].

He = flas My 4

Al e same tome, virtual weight i assigned o each photon before any movemenl
The first photon posfion exists at 30 space, (X, ¥y, 2, ). The st polar position at 30
space & given by Eg. (3) [13].

X, = X + p.Af
¥1= ¥ +i,ds
2 = % +u4s (5)

23512 Fhaton absorplicn
The secend stage mvalves photon absorption. After the absomption, phatoen
reduces s weight (wh by setling the threshald for every teration. The reducthion of
photon weaght is given by Eq. (6) [16].
S - B —
wy = wiey (1 #rj where i =123, {6

Bussian rouletie techmique i used in the modeling becase the sole caleulanon
e 1o estimabe the light propagation is not realistic. Thus, random value {(rd) s set
based on Egq. (T)[16]-
Wa

rmd =—. i

10

Where wi refers 1o the mital photon weight. If the random number exceeds the
threshold value, the photon will be terminatad, photon weight 15 mereased by Fip.

233 Photen scatiering and propagation

The thind siage consisis of photon scatiering and propagation. When phaton
reduces s weight, bat soll alive in the roulette, they can be scatiered. Hence, at this
stage, the deflection angle can be measured based on the phase functuon. Deflection
angle. # 15 caleulated based on Egs. % and 9 [16].

I
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0= cos™ [T {1+ g -+ (149 a1 (&)
Where: H= —oi (9

(1) = (1=g)™"

Where g 15 the anisotropy factor referring o scattering function, £ 13 Henvey-
Cireenstein phase function amd @ i the weight factor. The new position (3, ¥, 2,) can
be pemerated using the obtaimed phase function, deflection angle and the azimuthal
angle, . w is randomly chosen from the wniform distnibution within the interval of (0,
2x), expressed by Eqs. ( 10-12) [16].
sindE)

I] a
i

Yier = Wi+ A5 (T (i1, cos(g) w,.sin(@)) u,. cos(8) (11
q:'"l

K= x; + As( (1, u. cos(@) w,.sin{@) u,. cos(d) (1)

Tpq = % + As (—sin{f). cos(g). 1 —ul + u,.cos(8])) (12)
where, (i, u,, u,) represents the values of photon propagation m every iteralon, i

234 Photon detection

The photon is detected at the final stage. Photon detection & done by considenng
its wenght and the optical properties of the measured medium such as refractive index,
number of emitied photon, position, absorption coefficient amd scattenng coefficient
[17]. Table 1 shows the wisight of aulk fal contents, scattering coefficient and absomplion
coefficient. The parameiers m the table are used to record backscaitensd count and
photon loss during scatiering process. The intermal coefficent is determaned from Eqg.
(4) whereas the scanering and absorption coefficients ane based on Qin et al. [26].

Table 1. Scattenng, absorption amd mtermal cosfficwents for both milk samples.

Werght of Milk . . [nternal
Type of - Scariering Abszorpiion e —
medium Fat Conterits, coefficient, p,  Coefficient, ., Coefficient,
S £ -1-}-.':
Skimmed 00 .63 053 770
Milk 0.1 1.6% 056 1.4
. 32 236 1.30 4.16
Full Milk 8 kT 9 =
171
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Here, modeling 15 wsed 1o suppon expenmental analysas in terms of Llight or
phobon transmatied in milk, not as a direct companson with the expermmental resulis.

i RESULTS AND IMSCUSSI0N
The experiments are done wang varous spectrometer lechngques whereas the
theoretical analysis 15 done based on Monte Carlo modeling.

i1 Experimental Analysis
The expenmental amalysis 15 carmed ot based on Visible (VIS), Mear Infra-Red
(MR amd Infra-Red (IR) specira.

311 Visible (VIS) specirum

Figure 3(a) shows the absorbance spectra of skimmad milk, full milk and water
from 380 am — 86 nm. The spectra are plotied wsing 1Y Winlab software in Perkim
Elimizr Lambda, 750 UNVWISNIR Spectroscopy. The samples m Visible (VIS) spectram
are amalyzed based on spectrum continwity [18] mstead of observing the milk fat
spectrum at cerain peaks, as amalyzed in Near Infra-Red (NIR) and Infra-Red (IR}
spectra [9, 10, 19, 22]. It 15 clearly shown that the sbsorbance of the skimmed milk =
misch lower than full milk. The almoest lnear line i3 observed for water sample due o
weak light absorbance in the visible spectrum compared 1o Mear Infra-Fed (NIR) and
Infra-Red (1K) spectra.

312 Mear infra-red (MIR) specirum

Figure 3{b] shows the absorbance spectra for skamrmed mille, full milk and water
from @60 - 1600 nm using Optic NIR Spectrometer. From the fg., we observe that the
absarbance of full milk shows higher absodbance over shamosed milk and water
respeetively. The three sirong absorption peaks observied at 972, 1158 and 1392 mm
the WIR specirum. In Fig. 3.2{b], the absorbance shows negative valses from 1050 nm
untill 1100 nm which we aftnbuaie that to the backgroumd moise and spectrometer

calibration.
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Fig. 3. Spectrum analysis of different milk samples (a) Visable (VIS) spectrometer versis
wavelength (b) Mear infra-red (MIR) absorbance versus wavelength () FTIR
transmitlance versus wavelength.

3.1.3 Fourier transform infra-red (FTTR) spectram

Investigating light propagation in milk 15 contimed wsing Founer Transform
Infra-Red (FTIR) speciroscopy. Transrmission spectra for bath malk samples are shown
in Fig. 3{ch The fig. shows the ransmssion of two main fasctional groups imomalk
samples, hydroxyl and carboxyl group. A small valley from 13200- 1680 nm represents
alkene (chemacal bond, C=C) and a broad valley from 3300 - 3500 am represents
hydroxyl (chemical bond, O-H) groups. The C, O and H refer o carbon, oxygen and
hydrogen respectively. A broad hydroxyl spectrum {O-H) 15 observed from the graph
due 1o kigh water composition in the samples. The domimated water bands m the spectra
can affect the absorption of ather milk fat composents such as riglyeerndes and saturted

1173
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farty acad [12]. We observe slight changes ar alkene ({C=C) siretch that 15 annbuted o
thi unsaturated farry acad which charaeterizes skimmed and full milk [9, 00, 23]

In sddation, strang water { O-H) absorplion was observed at 960, 1440 and 1950
nm using MEM: spectrometer [9] whereas Raman spectroscopy was wed o
charactenze milk fan consagt of riglycendes groups, saturated and unsanerated famy acid.
The characterization 15 basad on chemical bonds C=0, CHz and C=C streching. The
functional groups based on absorbance wavelmgth are summanzed in Table 2.

Table 2. Chemacal compounds at vaned wavelength ranges in FTIR analysas,

Wavelength Peaks Functional Chemical Types of Chemical
Ranges (em ™) Cirgup Bonds Compaoumnds
3300 — 3300 Hyidroooyl 0-H Water

L 5000- 1 B0 Alkeme C=C Unsaturased fary acid

32 Theoretical Analysis

The Monte Carlo techmigue 15 wsed o measure the forwand photon count for
different anmotropy valees, g oin both skimmed and full milk. Henvey-Gireenstein
sugreats three mam scattenng types based on anisotropic value, g whene punely forsard
scattening exists for g=1, while purely backscarering and isotropic scaltening exist for
g=-1 and g=i respectively [23].

Henvey-Ureenstein  phase function is commonly used w analvee the light
scattening in biomedical felds such as tssees and cell [14, 24] whene most of biological
tisaues have amisoropic value, g greater than 0.7 (g50 Ty [25]. Hence, forward scattering
in the range of 0<g= | 15 applied 1o analyze the malk fai due 1o the disordered amd random
media [26].

Mumencal modeling based on Monte Cardo technigue 15 shown in Fig. 4.
Dafferent mtemal coefficients are measured o observe their effects on vanous
anisolropic parameters. The forwand photon count n skimmed milk are measwred amd
compared wang internal coefficient of 2.24 and 220 respectively (Fig. 4(a) and 4(b)).
Meanwhile, Fig. 4{c) and 4{d) show photon count and photon loss for both samples
based on varous anisolropy parameters. High forwand power 3 analyzed when high
inbermal coefficient 15 applicd o the skimmed malk. Besides that, there 15 a high icline
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when g parameters approach 1 for both internal coefficients (Fig. 4(a)). The photon loss
for skimmed milk can be analyzed by varvang the internal coefficiont. Based on the
eraph in Fig. 4(b), when g increases until 0L8, the photon loss increases gradually and
starts b decrense when g o lorger than 008, The measured photon loas for ancatropy
parameter, g approaches | s lower than the ¢ appeoaches 0. Fuz. 4{c) and (d) dastimguazh
skimmed malk and fall milk i s of photon count and photon loss.

Based on bath graphs, forwand photon count i full milk = kigher than skimmed
milk whereas the photon loss m skimmed milk is lower than in full malk. Thas s due o
ihe fact that skimmied malk has less fai globules than full milk. The large fai molecules
in full malk absorb and scatier more hight over skimmad mulk.
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Fig. 4. (a) Forward photon count of skimmed malk (b) Photon loss with variows intemal
coefficrents measured i skimmed milk (¢) Photon count for skimmed milk and full malk
{d) Photon loss for skimumed milk and full k.
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Siocker er ol [27] lave done simulaton using scattenng coeffcwnt, o, amd
reduced scattening coefficient, g al dafferent wavelength for unireated and insabed raw
milk with Ethylemediamineictrascetic acd, EDTA based on integrating sphen:
measurerments. The scattenng properiies and refractive index depend on the size of malk
fat droplet, where, a high fat globule yields a high refractive mdex as well as scattering
properties [27]. Thus, numencal modeling based on Monte Carlo can support the
experimenial resulis where the light propagation n malk 15 analyzed theoretically in
terms of photon count and photon loss.

4. COMNCLUSIONS

The milk fat analysas m skimmed and full malk is done based on light propagation
in milk. All expernmental measuremenis ane done wsmmg NIRE, VIS amd FTIR
spectrometers. Full milk sample shows the haghest absorbance due 1o high far globule
in full milk compared o others, A large paracle of fat globule inside the mediem can
provide high absorbance at certain wavelength which specifies cheracal properties of
wivter and umsaturated faty acid. The numencal modeling based on Monie Carlo shows
ihat full mulk has higher photon loss and forwand photon count than skimmed mulk. The
higher internal coefficient in full milk resulis in higher photon count and photon Joss.
Full milk sample has hagher photon count and photon loss due o higher absorpiion and
scaltening in the sample. Thas stsdy can be used o assist the authonty o moniter malk
adulteration issue to ensure good human well-being.
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Absiriel-Milk & a dairy produc Bal contases dissulvil profeins,
carbohydrabe, Bl and oony miscrale Milk mboasos by

sml provides vital esergy amadl fatly scids. Milk can pars
basd after being hopd al renm Emperalure for several days The
mdursscs of milk could depend e s fd oand L
cumpasilice. (Der work wims o cospare te quality of milk afler
bring hopd al reom demperabere for osoeral days using
specirascepy mothob. Mudechag basod on soaticring theory
aho previded e compare fhe bphl propagalion m milk, saier,
and gir. A& VIS-NIR spretromctor was used de obsiree the Eght
absurplice. Irammission, amd relloctner whereas 3 madeling
apprasch was applied o sdedy the scatlirang, shserpison, asd
clincion dficiencies. The milk samphs comsist of Rl creas
milk kepl al room tempersiure e B adaye 11 days, 14 days, and
17 days. The resulls shew thal milk sithesi lormcstaiion b
higher Bghl shserbance smd hmer rmmmisden compared s
milk wilh lcrmssdaizn, des le chanpss in milk cempniisan aflo
the fermestaien process. Milk scaliers more Bghl compared i
waler and sir due ba s [al globule and profein inprediests. The
uedped of this sluh can be weed a8 & releromcs fer sl
invalving bacteris or micrsrganisms in mille 18 alss can b wsaed
b compare the quality of milk with and withoul sir cupesure.

Correspasdizg suhor 'Wan Lakoh Wan lezu | ((drwsas selooshin e sm.odu. my

Kipsord-lipht propupaion;  abevdancr  dosmiilmor

refleciance; scodenng; ik sprcires ooy
L LT RO TR

It is erucial v oniwor the qualiny of milk in order o eneure
we gun sulficien sumiens sl minermls nd prevess the
occunrence of dmetses. Cow milk cossiss of wans (£7%), fi
(4%, proteins {3.4%), lsciose (4.8%), and minerals §0.8%) [1].
Far compesition is nol smudlar in full eream sk and skimmed
milk & loyer of mream forws on the milk's sebes if 0 &
cupesed for several days. This eream consists of spheres of
vimious sives flosing s milk swrosded by o far globole
membrase. The membrane is respascible for far protection
gl mes mmed prevents amy globale coalescisg imo
butter grains [1] The spectroscopy techecgyee can be used o
oheerve the optical properties of milk kesed on light
nhscahance, wacnision nd soatiering. Mic scamersg theory
iz used w0 compme the shsonpren coefficienm (pa) the
seatermg coeflcem and the et ), whene &
is the :EI:I:H.!; -Ekipi?]. Mdie ﬂa;-l:,-#uis el Uﬂﬂhlt the
speciml dependence  for the exinetiom cross secton of
nimoparticle suspensions [3]. The pap source emergy passes
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throwgh s marbid medis dzpending on oprical properies such
i the efeciive index, swonering, anisoropic e laser
hg,h:n]m:arplm[-ﬂ The optical properties of milk hased om
barkscomermg imensity can be used o smady o md proisis
concenirations [4]. The complex fuid of milk is made up of
masty compeents such as water, lipids, laciose and prowin [&,
4] Specmoscopy is widely used w0 measure whe optcal
properics of samples bised on light  propagetiosn  sed
ﬂm.tﬂhﬁmﬁﬂqykuﬂmnhﬂhium
techaigue used v mensere the moount of
umnm:lm ll] with the delorminaton of soleton
conceniration hised on Beer's Liw [12]. MIR spectromeier amd
VIS-MIR speciromeier with differem wovelesgth ranges are
used wo determine the accumcy of the mtensity specinem in the
spectioscopy malysis [13)

Moy recent spadies om light propagation in milk issolve
backscamering 3] exsersal covity-quanum cascade  laser
spmu'ﬁmp:f l-hl.md laser diffracnon and cenmifugases 7]

| imroduced de simplified KIR specirescopy i
mﬂ:l.u‘lg_ end of milk femestation by mesfoming sege
wr loctic sced The key chamcerstic of the Smmeniaton
process is the pH end poist vales, @ the mnge of 4.4-4.5 [4)
This sechnique is gaie complicaied and cosily. To the best of
our ke ledge, no mhhﬂmuzwmdmingm
afier several dovs’ exposure and waler. The previois siudies
akeo do not provide s modelisg spprosch on light scanening s
milk. Dwer previous work [14] compared the optical peoperties
of full cream ssd skimmed wilk wing difforem spectrometsr
rypes. We foand than full cream milk bas higher absorprion due
w its bigher fo comtenl. This reseasch is comimesd in the
carrem paper, which siws 1o smdy the light propegation =
variois  milk  sawgples  for  differest  exposese al  peom

durations hased on v echniques g
Visible (VES) el Near Infn-Red (MIR) spectromesers. The
techniqe: is simpler o cheaper thas the omes tsed in previes
siidies s indicaied in the experimental sectiom. The oo
shows ths @ newly opesed milk sample abeorbs more L
tham the other = A modeling spproach hased om
theory wis alse provided v compare light scamening @ mnilkc,
waler, and i,

[, THERETHAL FILAMEWOEK

For the compenation of Mie efffciencies, there ane two impa
parameiers which are the complex refuctive mdex s and the
paramneier size ¥ as shows in (1 )asd (2} [12]

m= m + im* (1}
xlh:l?u i2p

where m° is @ real refractive indew, dm® is the imaginary
refrecive Eades k b owave number in the ambeem meden el
@ i e spleere radins.

The key pammeters of Mie theory me e compuisd
_#.iduul'lhtﬂ-ued.ﬂthﬂ:mdﬁ:mn_wh e
required o obimin the Mie effici
femction 8 (=1, 2, .. rﬂl#.ﬁu'ﬁumtwﬂl in the
w:ih'nlg,eﬂ':i.uprmm[lﬂ

The efflciessy of extincrion f_ and scanening ) can be
idemtified i forward-scanenng theorem and i the ion
off the power scaiters in all drections. The absorption efficiomey
(g can be sdeniified with the eqeation of encrgy cosservtion
[186]. Meanwhile, the backscarering efficiency §f, is spplicable
o monosintic mder [13). Bquations ﬁrnhmmmrl.mmg
und backscanering efficiency me:

(e = SEZ (20 + 1)Reia,’ +5,%) ()
(oe = ZE2 (20 + 1)) + 1|5 4
'Qul = ':lm +anl.: H"

@ = SEL @0+ 1)(-1)"(a, - b)F 8]
where ¥ is dhe pamameter size and 8 & the spherical Bessel
function onder o

The efficiency of mdation pressere can be proven by the
Two-Smeam  Model md comelins with e asymmemry
parmmeier [17].

0, =, +0,. (o) (7
whepe & i the seatiering angle.

Amplinde femctions 5, and 53 indicwie the scamering
propemics of e scaltersg of an eleciromageetic wave from o
ﬂﬂmﬂ particle. The scattening fesction is requined for the far

scamerer [ 18&]:
Sfe0s) = Ein ooet_fa,m, + b5} (%)
fl{fﬁﬂ} lﬁr: :qn-i-:l{n"T’ + bl"n]‘ k]
where
In-1
W CESELE, g~ — Wy

T, = roosioa, — (R + 1) m,

L METHODOHANMEY
The rescasmch & condecied wsisng expenmnemal  and
thecretical  methods. Thhghl.llmqmumdmmg
amalysis in milk we hased on Mie som wezory. The
scallerisg,  absorpion,  extinction,  and 'g

efficiencies mni}wd..lhmﬁcnm
aned its asgulor scanensg wsing MA Th-ih-:ﬂluhn
repeaied for waler mmd air

A. Muodinieg Approach
The modellisg part & used 1o deermine the chameierisiics
of light in 8 disordered moedion wsing MATLAE The ligha

propagation Emcm]il‘hri the justificaion of Mie coefficiem

Mairin is conpated. angalar fusctions ere ok compated
mpu:dm:lhth!unnguhleﬂhmc}' Figare | shows the
flowcham of the comsaucted medeling approach.
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Figl. Thei frhe

8 Erperimennal Approach

The Ocem Opaie Flasee NIR spoctrosnsier and VIS-MIR
spectroiieter wene Used 1o observe the chamenstics of Light
propagation @& malk Every expenseent wis repgeatsd 10 times
i ecvare: e docuracy of the utpul. Five seples of milk witk
differema days of expesare wese msed (e samnple uns w
yogent after 14 M&ﬂ'uﬂpﬂ:ﬂ.]’lgmi:ﬁnﬂ the
fhrwchan of the experimenaal megdd.

]

| Foweariey 1 5] D shindmbd Tk '] I Wi P iy B |

1R prd S b g led Wl proTEeeeny

|
[ e |
+
= : |
hm A
Fug 2 The Sowchar of the cxpanmen.

The muilk samvples were kept a1 room temperamire for £, 10,
14, and 17 dova The were diluisd with o s of 12100

of milk ml waier respectively, The prepared samples were
placed in & cuvelte of Dimm end shekes lighdy. The osvene

wias ploced imie o cuvems hobfer mmd was illuminmed by o
habogen lame {the light scerce) The light from the cuvetle wi
collected by #e VIS-NIR specoometer (Figure 3) The
specmasn graph wes digplayed on o compuier screcs using the
OcesnView softwese. Figure 4 shows the milk samples used in
the experiments. Milk samples of £ sd 11 days were sl
choudy bur mdlk samples after 14 days bevame trssparen with
Largpe mr ke parme b cbesrved

Fig. 1. The s perurmca iall sor-uag- for the spocromatny wohasgue

Fig 4 Farreried hull cram mik anpks sher ddutes wih waer afis
E. 1L, B4, aad 07 duys (iram nght o ki) of caposore

The se=t-ep for reflemance speowoscopy i different from the
bseehance asd DEensmission spectneeoepy setup |t can be wmeed
im liquid samples and solids. NIK specimometer win usad io
ohserve the reflecmes inensity spectum af de samples. The
samples wese placed on the =age RTL-T. The reflecunce
specmamn of & sample & dhe cuvems was ohserved by a fiber
probsz. The prode transmits the light from the halogen Light and
:lﬂ'.lwuﬂnmdu:ltnlylﬂl-"l‘ The reflscuance
spocmamn can be obssrved by using 8 MR specromens when
the: light propagates inside the mediun

V. RESULTS AND DiscuUss s

Previoes works [5, 6] heve anelyred fu and protein
coeenraions  of milk  theough  backscanensg  and
specimacopy. Awdors s [T] spadicd the homogenization
efficiency w coalrol the developaem of the cream laver on
fresh mnilk and mnbors in (8] used NIR spocrossopy w sidy
yogun fermeniuios smnaios. b this paper, we siudy the
quality of milk which is Bl Foom e g VIS
and MIR specmoscopy. We do a :lnqnhmdﬂlgmwe

L o

T e e T[T SSS——— ———
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the light propagaton in milk, water and air. 'T“htmd.d.'lg
malysis wes Mie Moy W0 comple me efficiency of
sbsorplion, exiinction, backscafnienng,
mﬂﬂmmwh&mwﬂm
mmiﬂuﬂcﬁ:mmmddﬁu‘hﬂm
ouipin  from  the theoretical  md
cxperimental svady ore analyzed and discussed Serosghly o
this setion.
A Modeling based on Mis Scavering Theory
The measwremenis of scaflenng, extinetioon and
efficiomey bised on Mie theory were conducted im MATLAR
The mpur parameters were the oo refractive index mmd
the parameter size ¥ | 18] Modeling was dome for milk, warer,
i mir. Figgures 5 and 6 sevevanze the medeling resalis

Equanioss {3} 1o (T} were wsed @ Figure & Figare © &
pomed based on (BR7). The esmincton, forwend scamering
nhsoepiion, and hackscamenig efficiencies are b
D Qe Qi il 0, respecorvely. Figure § shows clearly thm
milk hos betier scamering efficiency than waer sl . Ax
parmmneier size 2, dhe seainening efficiency in milk [Figare 3{a))
uﬂhﬂﬂ.ﬁ, whiile the scamiering :ﬂ'mcn? in water |Figure
3ibl) and air (Figere 3c)) are 0.7 and £=107 respectively.
proovieg that el light scomering occurs @ the air,
wherens milk and water comsist of panie which can scamer
the light We presume thar e i mmed aborption

E.Emi ! e sige sl mmrrlnmnd panicles, the
imideni Ilgj:n wavelengih, and sample size [19]). Milk o
the higheesi efficieney o lglu]uu'plmdmmummp;uﬁmn

of fai globules and proiciss. FH!-ndemwahlhe
forw mmg 15 more iemt compared w the
fior &l samples dwe w the larger particles size of
Eigluea.:huwsi:mmﬂing.-gkufut.m

and nir pespectively.

® -
7 | .,
8 { ,
= 1. |
= =
= =
L mp g
LT
z =
i
® S =
i 7 ]
f |
e ey,
LU | gl
4 s
EL =
= m

Fig 6. Aaguler scaitcrang for fa) milk. {bf wter, arad {cf mar.

We okeerve that milk has larger wlrdnn-Ekhrmuing
than water and mir. It is elearly shown thai has higher

Farsmsie e scanerisg effiscy. W anxibuie then to the milk comtenis which
Fig & Wi daory bascd sificace for ) milk, b, sad i1 ar mastly comsist of fint and prousins which can scomer light |20
WL Kamdl o wl.: lovesiigeting dhe Jualiy af” M il Sproresoopy ead Foaiferiog Theorr
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8 Evperimenn Ressds

The spectra of refleciasce, mesmizcon, and absorbance of
the samples were momiored with the spectromeier. The
of fresh fullcream milk were B Fo
temngeerature for 8, 11, 14, and 17 dovs. The expenment utilized
m NIR meter and 8 VIS-KIR meter  with
wavelengh mages of 9%0em- 10000m wed 350 |
tively. Figare T depicts the absorhance, mransmission md

e spescirm of the milk sasoples

— vy Cerm,

—— Al i Sap
Fr=rr=

e Ty LT M
i b P
e il 1Y B

+=II

- v e AR A W e

[p———
Fg 7 il b wrad ) et of e mik
mrnphcs bt vanows deve o lermsaeabon.

Fi Tra) sbewws the absorbance of the milk

for differem dovs of expossse. It is clearly shows tha
the pbsorbance specirs in freshly full-cream milk is
higher than the mulk thar bee bees kepa ar room temperamse for
17 days. The ahsorbance of milk reaches is ot T due
ml;mlunn'nn coefficiom which quickly sbeorbs the Light

around T0mm  When milk les are kept ai room
-Fegumicuu y which affect beagptian
[21] isee Figare 4). Hence, the gaality from w fermented
milk & grodmlly devessing as de proiein concemmion
d.a:ru:n::dumnilkmlgu]ﬂu[EL

- e R P e e TR
Warrleigh =

e ae g g b
e
By o ke 1

L

Iek

FE

./F%

TS
P s e
Figh (= 1] and e} il
opened sulk armphe waser, anad mik gk aher 17 oy

Figure Tbj shows the mansmission specira of freshly
and fermessed milks, The mewly Tull-cream
milk bas lower light ransmission thas de fermenied milic. The
light transmission s femessed milk ofier 17 days & higher
tham in the rest off de samnples as the pamicles in milk aggregane
during e compalation [21, 22 The peotein thickens due 1w the
- ion prosess E‘hﬂ Iﬁmﬁmu lococ seid [23). The

s the lnctic acid basiena grow o produce the acid [24)

A=t

af mewhy
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T1H&

F@ntﬂc:ﬂu:krdhmmdﬂﬂ

mmmm et d-

l.'ll.l.uﬂu
milk are recorded due wo iis high water .J.l-hmt.
we sappose that the presence of fm ke
mmllunmlknﬁmklﬁmm 'I"herdh:nmt
inleEsity decresses over the ion process dee w the
changss of provain and B gl [In)
Figere £ shows the speoam comparison of milk samples md
Wil Fﬂ]“ﬁlmﬂhmm’mﬂlg}ll
e besorpion peak of milk is ar To0nm Milk
il water similar rassnuisshon peaks at - 650nm | Fipere
A1 Winler sample shows higher issniscion specinin s it
is more wmeparen San mall Mew ned milk samples
h:hgh:mmmdﬁl1:#druhmdpm
cosrpositon. The size and shape of particles, e co
mal e concentration of the call i he
otsorplion, wmsmiseon, od reflectance of the samples
Eq:euluﬂ_'f [m] hﬂd].' opemed milk samples consis al.’

V. DOMCLUSHN

and afier being

o
scafl uﬁdm:m the li Lo i
uu’“m“.ﬂ air. The m““?;"m“ %“.”'nﬁ““mm
maore light comgared o waler md air de: 1o the af fat
globule, protein, and minemals. The oulcome of the ssady shows
that the quality of milk is reduced when it & kept &t oo
uﬂmhmﬂdh}hmnhpﬂﬂh}mm:’t
qnu.rnsmE The owcome of this sudy cos
I:re el in aralysis audies on dairy
produces.
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APPENDIX C

%Scattering calculation by Monte Carlo amplified by gain for a simple

%3D scattering medium. c\z

%(1)declaration of variables A
lambdap=532E-9;% pump wavelength(532nm)

ss=100; %scatterers density(1/m”"3)

sccros=6.793E-13; %scattering cross section

Is=1/(ss*sccros); %oscattering mean free path V

¢ = 0.4; % attenuation coefficient (1/m)
g=0.9; %scattering asymmetry factor Ii
w0 = 0.8; % single-scattering albedo l
N = 1e5; % number of photons to trace \d
ns = 100; % max number of scatters per photon .
E = zeros(N,2); % initialize detector \Y-
Epump = 100E-3; %Pumping energy(2mJ) ' .{')
planck = 6.63E-34; %planck constant ¥ g Y-
light = 3E8; %speed of light \h‘ Y
i gth(3 A-20m”2)

Cpabs =3.7E-20; %absorption cross sectionat puflapin
Ndye=100; %Concentration of dye %‘

%(2)Reading values for measured ﬁt@ce W‘

tic %Start counting time for simu

[lambda, y] = textread('pol gold s t',' %t %of');
%wavelength distribution fro spect
cdf=cumsum(y/(sum(y))); %cu Wyi S

Y%plot(x,cdf); Y%plot the cunY'-e su

%(3)Photons start doin

for i=1:N %start of&m‘l op \" "((JQ
at

p=[0,0,0]; % initia
L=0;% summati

Y%muz = sqrt(r W iffuse 1
muz = 1; %D wit of lhset t ’1
phi = 2*pi*rand; % azinjuth
Y%mux = &uﬂ )¥cos@Phi);
o . n 2

cctior’o > o
S l-muZA2)*sin(phia§§i.ntitial y-direction cosine

oDirection of laser \
intial distance from source

=min(abs(cdf-rand)); %the minimum of random number to cumsum
ambda=lambda(b); %wavelength of emitted photon.
(1,2)=lambda(b); %intensity detection for each lambda

%(4) Scattering loop
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for j=1:ns

s = -Is*log(rand); % geometric path length

p =p + s*[mux,muy,muz]; % move photon

L=L+norm(s*[mux,muy,muz]); %updated total path length \
s = - log(rand)/c; % geometric path length %

%z =z + muz*s; % move photon

%Photon detection condition (Limit the size of sample)

if (p(3)<0 && p(3)<0.01) %Photon inside the sample(<lcm) is detec‘uYz. axis is
chosen,p(3).p(1)=x axis,p(2)=y axis V

%if (p <0)

E(i,1)=EGi, 1)+w; Y'
else '
E(i,1)=0:
%break, \d‘
Y—.

end % count photons leaving out top

%scattering events based on Henyey-Greenstei ing € \Y-
w0 = exp(Cpabs * Ndye * s); % scattering albeddfusin i funct'ow-
w = w*w0;%absorb fraction of photon pac é

mu= 1 - 2*rand; % isotopic scattering
Yomu= (1+g"2-((1-g"2)/(1+g-2*g*ran@®2/(2F2)); % H G]@ tein scattering

phis = 2*pi*rand; % azimuthal scattering dfigle
[mux,muy,muz]=chgdir(mux,muy,%u,phis);\mg @7
muz=muz*mu-sqrt(1-muz"2)*sqri@l-mu”2)*cos(phis); %on 1rection for z
muxmux*mu-sqrt(l-muxAZ)*%m"Z)gcos 1 ;%r@girection for x
muy=muy*mu-sqrt(1-muy”2 mu/%ﬁis);oﬁfdw direction for y
end %end of scattering loop J ‘é\
L=L+norm(s*[mux,m ) Youpddted tgtal ﬂoﬂngth
s &

%(5)amplification e withi \Xm oop( Qsilme all dyes excited
Ndye=10E-3; %Cducen tio@lok?@ar)
Cemi=E(1,2)*5 Yosti emissidCross section

;% gai \2][16 q%o{‘ning all dye molecules are excited

c iotf)a tor for the dye molecules

gain=exp(Ce
Ndyefact=e m*L); Yoa
end % @onﬁ)

%(6plntSwsity detection )
E(#%L) = E(:,1)./N; % Intensity}crmalized to no of photon
(:,1).*Ndyefact; %Intensity normalized to no of photons after amplification

lambda,indx]=histc(E(:,2), lambda); %Build histogram graph for intensity
ection
lotout=accumarray(indx,E(:,1),[length(lambda) 11]); %accumulate array of intensity
detection
y=(plotout.*histlambda);%/max(plotout.*histlambda);

ha Y
‘4
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