CHAPTER 2 \Q

LITERATURE REVIEW AND RESEARCH BACKGRO END )

This chapter presents an overview of previous scholarly literaturefrelated to the

research. The review in this chapter covers light propagation N( using various
experimental and theoretical analyses. s z '
2.1 Light Propagation \d'
o L
Light propagation is a phenomenon that whenevern the*light tr%ﬁsmlts its
4

energy from one point to another point (Meretslw, M\ 1S phen@(enon leads

to the occurrence of light absorption, tralﬁml ion, nce @absorption of

light is defined as the process of paﬂ%sor ing t ight Q converting it into
energy, which is most likely turn nto ,eat'.‘ raragfﬂe transmission of light

is the ability of light to pass t& any particlesior 0%@ ithout being absorbed or

scattered (Popoffet al., OIWerfec' ligh smi@b\@n will cost the light not to lose

| O

any energy, which is considered 100° sﬂi&@)&g (Popoff et al., 2010). Figure 2.1

illustrates the phcm of light absorptio
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Figure 2.1: The Illustration of Light Absorption.
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Based on (@gendal, 2016), the light absorption refers to disappearance of photon
after interacting with a particle, whereas light scattering is a change in the direc f
a photon when light interacts with particle or molecule, as shown r%\ 2.2.
Transmission intensity, / decreases for both absorbed and scattg(&ght. The
attenuation due to absorption can be found using Equation (2.1) Whm attenuation

due to scattering can be measured using Equation (2.2) where /, 7 are the incident
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Figu Mra mitte ?ﬁt I Disturbed by Either (a) Absorbance And (b)
@t ering.
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posure ofa I'l&bld\, Rfédlum to the light source causes the medium to

ch% azy and cloudy sta}ct;e? due to the presence of the insoluble and suspended

. The high opaqueness of a medium causes the medium to become more turbid

Qh high degradable of light intensity. Milk is an example of a turbid medium, one of

the most consumed dairy products in the world. Fat, carbohydrates, proteins, and



mineral contents in milk are important to develop a growth-mechanism effect and well-
nourishes diet for mankind. Nevertheless, the role of milk as a nutritious ?‘s
questioned as the composition of milk that has been altered results in heal@ems.
For example, full milk composition is being altered by adding water *éase milk
volume, indirectly affecting the milk quality (Abegad et al., 201 eanwhile, a
reflection of light occurs whenever light bounces back after hi iNtn object (Yu et
al., 2011). The reflected angle changes depending on the t ‘ﬁb:e‘ts that had been
hit. The smooth and shiny surface produce sharper reflection an eW%ht, while

Y

the rougher and denser surface produces an uneven re n angle, ¢ 'n‘ CE&E’ loss

Ny

(Yu etal,, 2011). 4 \‘f
| . a4
Research on light propagation 1ncrew m yeilrs ears. nt studies on
light propagation include research \md by ( 0 @i’., 2020) on the
unidirectional light propagation in %1 crystaEE as ;;E\falline quartz. Besides

o
that, (Hu et al., 2020) made %nding findings by <ééloying the 'twistronics’
concepts to control the ele@opel: y ayer@d twisting two-dimensional
materials. The concep induced tofmani ul!ite\@ flow of light in powerful ways,
4 ¢ &
generating more sophisticated ]f Men te&ogies in the future. Furthermore, the
stability of lighw ation=i 'al ﬁb{éﬂ‘fhrough the perspective of path memory
@
and angular tum/was_s din E}-/}( a & Ramachandran, 2021). Besides that,
N

(Biton % 021)}%&0&& orbital angular momentum (OAM) through
biol@tissues. >
S
%\)n the other hand, this research focuses on investigating light propagation in
ik s

amples to investigate milk quality based on the characteristics of light such as
sorbance, transmission, and reflectance. All three light phenomena will be further

investigated in this research to monitor milk quality through spectrometry experiments.



The absorption, transmission and reflectance of light can assist us to monitor the
condition of milk. The changes in the absorption, transmission, and reﬂectance?ﬂt
through the milk indicate the changing of milk condition. This matter prm%\etter
and faster way of monitoring milk quality. *

Thus, this research is continued from the previous work which aims to study the
light propagation in various milk samples for different days of €Xposures in room

temperature based on spectrometry techniques. The techn Iiler and cheaper

than previous studies. Research methods which based ondlight p pwheory are

*AX
convenient and non-intrusive as the methods do n@r destroy t alflp@ingh
N

' 4

et al., 2013).

2.1.1 Fluorescence \)
Fluorescence is a form of %minesce&,%' i{ta\phenomenon of light
sz N\

@

emission by a molecule that ab e energy of’anl incoming photon. There are two
types of photoluminescenc \re I\ escefice a@osphorescence. Fluorescence
occurs because of a m e?}mdiat #ﬁt!oﬂ@m an excited paired spin state to
the ground state &wr, 20P e ph

sta

i
i g &
relaxation from\ of
( ¢
different time s

orescence stems from a radiative
cales. Flgoresc ce’is @ery fast process; it takes place on timescale
T It

in 'éx%licity. These two phenomena occur at

N\~
around 407’ It ¢a ‘obser@ by eye only during excitation. Meanwhile,

pho scence occupies a m%}f)roader time range. Therefore, it can be observed by
ey? inutes or even hours after the excitation ended (Schulman et al., 2017).

: Fluorescence spectroscopy deals with excitation and emission in molecules

akowicz, 2013). Any molecule can go into an electronically excited state when it is

exposed to light of a wavelength (energy level) which is equal to the energy gap between
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the ground state and excited state. This is known as molecular absorbance of light

(Lakowicz, 2013) (Schulman et al., 2017)The amount of light absorbed is propw

to the concentration of the absorbing molecule. ‘ \1
2.2 Light Scattering ?

Light scattering is a phenomenon that occurs whenever theMight hits a small
object (particle or molecule), resulting in a change of direc iane FL Maret, 2000).

The scattering process is initiated as the photon is absosbed b twogeneous

X
medium, redirected away from the incident directio angular di iﬂu@f the
scattered light is high due to the scattering regi d % fac@g) of the

be si%} to its energy
di@ntiated into two

enke & Maret, 2000).

N
Figure 2.3 illustrates the changespi direction phow<§3vhen light hits a particle
or molecule. §
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(Sardela, 2014) states that elastic scattering only changes direction without
absorbing the energy. An example of elastic scattering is Rayleigh scattermg,
happens when the particle size is smaller than the wavelength of light. @ht is
distributed consistently in all directions, and the two scattering type d on the

wavelength. Besides, its intensity is inversely proportional to the? urth power of

wavelength, where its applications can be seen through t enomenon and
common dominants in a gaseous medium. Inelastic sca nvo es Raman and
Brillouin scattering, where the polarised molecule 1 w and the

electromagnetic radiation incident modifies rotatin rgy level h‘: @ence
between these two scattering types is that ph tod olv Raman

scattering, while the acoustic mode is re foD\Brl in s g (Sardela,

&
O
istic o \c%ca e:-{l\} is vice versa of the

N

inelastic scattering, where th 51ze is larger tlzQ e wavelength of light,

referring to the Mie scatt eo gi@ that a situation where the

2014).

/J‘

On the other hand, the cha

&‘

scattering particle size rable th i t "V ngth. Frequently, Mie scattering

theory is used to c ute the it n coe nt ua, the scattering coefficient us,

a—_—

and the phase tio (0), he 1on of the photon being scattered, where
6 is the s ngle y n ot£ factor (Fukutomi et al., 2016). Mie scattering
theory i h non-l an ar dlstrlbutlon but is non-wavelength-dependent,
wh scatterlng pattern s on the forward direction. Secondary peaks are
based on the angular distribution due to the scattered waves interference

e & Maret, 2000).

Light propagation theory is used in many research on milk quality involving

spectrometry and optical fibers (Veenstra et al., 2020) had studied the scattering

12



properties of human milk experimentally and numerically whereas (Kokotou et al.,
2020) had developed a method through liquid chromatography—high resolutio S
spectrometry to determine the free fatty acids in milk. Recent studies ha% cted
various spectrometry experiments to investigate the quality of milk. ( an et al.,
2021) designed a photonic crystal sensor to detect the fat volume in rrRa}d (Frizzarin
etal., 2021) used statistical machine learning methods to predi%jy’s milk quality.

However, the previous methods are not only complicated, focus on the cow’s

milk and certain wavelength of light spectrum. ‘\d‘

pagation | 411&Ci-§;1ve
1% caxkity'quantum
cascade laser spectrometry (Montemurro&a}, 2 laseéxflaction and

centrifugation (Ransmark et al., 2019): %ﬁh, 2015) ducé(he simplified NIR

Furthermore, many recent studies on li

backscattering technique (Ansari & Mohaj

—&

spectrometry to measure the end 0@5 fermen gy t ;t@brming sugar to lactic
N

acid. The key characteristics of’ %entat'i‘on pr

in the range of 4.4-4.5 (Aljaafre 2](]5 “The techn'q%s are quite complicated and

costly. No comparison sing milk after ge?&l days’ exposure and water. The
\‘:h 4 &
ide

previous studies alsoudo not p eoretigjpproach on light scattering in milk.
Our previous w@ et al:;»2020) compared optical properties of full
cream and w mi i

cream %gh&

ess cofisists of pH end point value,

ﬁ

dfferel?ypes of spectrometers. We found that full

N\
ion d‘u%o higher fat content in it.
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2.3 Milk Quality
Milk is one of the sources of a healthy diet because it contalns'lots of
nutritional elements such as calcium, phosphorous, and vitamin D Wthh are i j)ortant

for people from any age class (Bafiuls et al., 2010). From infants to the eldevrly people

h -
consume milk as part of their daily diet as milk is the best source for calcium.

L N\

Consuming milk is highly encouraged to build strong bones, teeth, muscles, and joints

A
(St-Onge et al., 2009). The lack of calcium in our diet may lead to dlseases such as

osteoporosis, muscle cramps, and dental problems (St- et a' W

|
Besides that, the human body does not even ?roduce calcium (Pla\@t al.,

AT

2013). Therefore, a good calcium balance should be malntalned on the

recommended daily intake to prevent fra fi tuwﬁwrg & @kmlng, 2020).

To maintain a healthy life, people need to gain calcium for their body The best way

L. W
is by consuming milk which leads to the rise of demand for the dairy industry. Table

) f-» '

2.1 depicts the recommended calcmm 1ntake required for lgone health and maintains
N ONT &

adequate calcium retention rates in healthy peo'ple per day.

¢ % | /'S

Table 2.1: Recommended Dally Intake of Calcium.

Age ‘\ale l ‘Femalé Pregnant Lactating

0—6 months* 200411
7-12 month 260 \ ?(_@-dqg
1-3 years 70’) mg i /706 mg
MOO mg
1,300 mg
1,300 g~ ™ 1,300 mg 1,300 mg 1,300 mg
1,000 m C}' 1,000 mg 1,000 mg 1,000 mg

70 years 1,000mg ¥ 1,200 mg
ears 1,200 mg 1,200 mg
quate Intake (AI)
Q Source: (Calcium Fact Sheet for Health Professionals, 2021)
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Milk can be processed and modified to produce more nutritious and

scrumptious products to meet consumers, markets, and worldwide demand (P
A

etal., 2012). Some people cannot consume milk in its original form as they suffer from
\7J
lactose intolerance (Scrimshaw & Murray, 1988). It happens when the body cannot

E=—
digest the main carbohydrate in dairy products, which is lactose. It is suffered by 15-

L I\

75% of human population due to the absence of lactase enzyme in their body needed

A
to break down the lactose (Suarez et al., 1995). Therefore, milk is processed to meet

l
| y
every demand apart from extending its storage life, enhancing the taste and
Y1l o' X
| o -
maximising the nutrition of the milk itself. The processed milk can be found in various
N I T
form and taste such as cheese, yoghurt, flavoured milk, formula milk, and ice cream
[* ~

(Goff & Griffiths, 2006). C}} ﬁ\j} {){\T
Y

Hence, it clearly shows that monitoring milk quality is crucial and highly

= - N [, \
beneficial for maintaining the best healthy diet. Throughout the years, many scholars
= 2y

Ny S
and researchers explored many methods to maintain and r‘nonitor milk quality. The

AOaN NJ

tests and experiments such as Bulk Milk Bacterial Count, Bulk Tank Somatic Cell

= W 1 X! =

Count, California Mastitis Test, and Milk Conductiyity Test had been performed for

T Il

the sole purpose of maintainin% the 31ality of milk (Kasikei et al., 2012). As the dairy

2.
industries have chains of workers for the whole production process of dairy products,

~ o TN
)

from the farm to the shelf of consumers, it is the source of nutritious food (Lore et al.,

[
2006).\& :%j', ‘i}&

Therefore, it is proven that milk quality is a vital element to be monitored and
~ N
maintained so that humans worldwide could benefit nutritiously and financially. Table

2.2 shows the summary of previous research on milk. Most of the research focus on

\cow’s milk and use one spectrometry technique only, thus, the study on milk in plant-

based milk other than cow’s milk is important. Comparison of optical properties of

15



milk based on various types of spectrometry techniques is also needed to have a

comprehensive study on characteristics of milk.

Ag

Researcher Study

Table 2.2: The Summary of Previous Research on Milk. 3

search Gap
1Imitation

(Gowri et al., 2019) (Fiber optic milk fat sensor)

Developed a hand-held, susceptible
fibre optic milk fat sensor usin U-

w research was
ucted only on one

e of milk and more

bent plastic optical fibre (PO complicated.
probes based on the refra h S dy as conducted
index (RI) of milk. al fibre only
ase n thé R\E@f milk.
(Choudhary et al., (Spectrometry tec e) ea’r -ﬂly covers
2019) Developed a fluorescen ased uore?ence-based
technique that is fast, trum
effortless, in oz earch was
to study the ed m con ted on one type of
degradatio a%l tempe m1lk and more
O complicated.
\
(Shuso Kawamura et (S etry tec )4 & The research is costly,
al., 2013) Develo ahgp ent model fors performed with only one
anti type of spectrometer and

three significant @'
t1 ents (fa ein, %

hec 0),
milk urga ni gen @ ( ) of
unho ogenised

also conducted only for
cow’s milk.

(Mohammadi et al
2014)

| varieties during
reparation. High-
Itrasound had been

r handling applications

tisation, homogenisation,
entation, and extraction.

hse
like

%
N

The research conducted
was more complicated,
high cost and focused on
the frequency-based
only.

The experiments were
also conducted only for
one type of milk.

(Spectrometry technique)
Used Fog figuring to deal with
information near the farm and infer
ranch experiences by trading
information between on-ranch
applications and moving some
information to the cloud.

~ (Vimalajeewa et al.,

Q' 2018)

The study focusses on
milk fat, lactose, protein,
and urea which is more
complicated and high
cost.

Using only one
spectrometer type for the

16



Mid-infrared spectroscopy (MIRS)

is utilised internationally to foresee

a few milk quality boundaries just

as determining numerous creature
level aggregates.

experiments and
conducting the research

only on the ccvﬂilk.

(Spectrometry techniques)
Distinguished cell types using the
principle of flow cytometry (FCM)
coupled with fluorescence
techniques. Immunised the well-
known contributor of numerous
microscopic organisms or mo
cells. For bacterial investigatio

(Gunasekera et al.,
2003)

required for physical
examinatio

(Toffanin et al., 2015)

inductively co
emanation N
and titration fo

g

calcium

only on the
frequency-based study
ncipal Flow

a
metry (FCM).

Cy
V-e research was

ensive, complicated,
nd only conducted for

oIe type of milk.
Y.

foreeast models only

base Q’r id-infrared
spectzoscopy (MIRS) and
research was more

t
]%nsive, complicated,
d only conducted for
one type of milk.

Fo
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2.3.1 Types of Milk

Various types of milk are consumed globally. Milk can be classified into -
based and plant-based milk (YIGIT, 2019). Animal-based milk is d@ﬂom
mammals’ consumable milk glands, while plant-based milk is pasteuﬂ&rom plant

sources. Table 2.3 below shows the example of animal-based and planttbased milk.

Animal Based

Cow Milk
Goat Milk
Sheep Milk
Goats Milk
Buffalos Milk
Donkey Milk

Milk has initially been secreteN)ammals such as c@, sheep, and goats
to be consumed for the past 1000 %(Silanik\ﬁ%&l. @ The luxurious taste
@

and nutritional elements in Na made it fagoréd cherished by millions of

consumers worldwide. ThiYw o the spi‘rgn of producing the alternative
!
milk that suits vegan ¢ and the'peo e‘yVEz)/ ffer from allergy from mammals’

n 1
t
milk, such as lac‘wlera@ikove %(a‘f., 2015). Plant-based milk is vegan-

friendly as it d ot Contain Pohy@es and cholesterol in the mammal’s milk

¢ C,)
(Mikinen ﬁ% 6). Blant=ba d’ m.g’gains popularity among consumers as it has a

creamy w

havi rgies (Sethi et al., Y

\?esides that, plant-based milk can be altered to match the taste, texture, and the
e

nutrients as animal-based milk (Sethi et al., 2016). Despite being the alternative

and Hixwsi rtw@ore environmentally friendly and less prone to

o healthier and eco-friendly milk choice, plant-based milk is still human-made. Plant-
based milk such as almond milk, oat milk, and soy milk are just almond, oat, and soy

18



processed with water, minerals, and vitamins (McCarthy et al., 2017)(Vanga &
Raghavan, 2018). The biggest downside of plant-based milk is to catch up Withs
milk flavour, texture, and taste. Thus, lots of sugar and additives are adde@hout
the process (Verduci et al., 2019). A

On the other hand, plant-based milk is much more expensiye compared to
animal-based milk as producing plant-based milk is made from scfatch and requires
much cost (Roberto et al., 2006). The gap in oat milk price me' is around twice

to thrice times the cow’s milk, causing people to find it to k epwmg plant-

'S
based milk as part of their daily diet. % ' _\C—}
4
<

2.3.2 Milk Ingredients / Contents Vz \ ?Y.
As animal-based milk and pla@nilk m sig@&anﬂy in terms of

their nutrients and contents after being process \&.@?d %to find the best milk

based on your own needs and cren€es in. maintai

q QS
composition of raw mammal’sN 1S Tab{&A.
Table 2.4: The Co"% of Re;'r Mil?‘fr lrn‘laferent Species of Mammals In
M

Fat

g a healthy diet. The

Lactose

3.7 4.9
6.4 4.7
4.0 5.1
3.4 4.7

Source: (YIGIT, 2019)

RN

w mammal milk ca@e easily imitated regardless of the texture, taste, and

n%x (YIGIT, 2019). Therefore, to achieve the desired standard of animal-based
1

Q , plant-based milk had been processed and altered thoroughly (Haas et al., 2019).
e

vertheless, animal-based milk also goes through many alterations and modifications

19



to enhance the flavors and the taste to be easier to consume while improving storage

Yv

Whole milk (3.25%), reduced-fat milk (2%), low-fat milk (1%), a%\)med

life (Harding, 1995).

milk (0%) are examples of milk altered with different values of fat co ut having
the exact value of protein (8g), respectively. Figure 2.4 shows the al differences
between altered cow’s milk fat content, while Table 2.5 shovxqi Mrition fact chart

for 240 ml of cow’s milk, almond milk, oat milk, and soy

L 2
e®e i ; [ c}‘r
'  TRUE DIFFERENCE SN
‘:’-' protein, calcum, vitamin D, vitamin A, phosphorus, vitamin BI2, niscin Y'
riboflavin & pantothenic acid \)

. N
1% N
milk

FAT PROTEIN

25g 8g

Ocal 200 cal

= I

200 cal

QO cal
e 111111111

2%
mMilk
c: 5g 8g

I 1111

~ WHOLE
milk

FAT PROTEIN

8g 8g

200 cal

Oca
T ]

%e: ht?s%n%nt{e.c rticles/nutrition/types-of-dairy-milk
& 2.4: The iffe:rer@Eetween Altered Cow’s Milk Fat Content.
ey

&

d
N



Table 2.5: Nutritional Composition of Cow’s Milk, Almond Milk, Oat Milk and Sow

as Per 240ml. \
Nutrition Cow’s Milk Almond Milk Oat Milk : %(Illk

Content
Product 2% with Califia Farms Pacific Silk
Vitamin A & D Original Original TOriginal
Energy (Kcal) 122 59 13 100
Protein (g) 8.05 1.00 8.0
Fat (total g) 4.83 4.01 4.01
Saturated (g) 3.067 0

Carbohydrate 11.71 6.00
(8
Fiber (g) 0 0.9
Sugars (g)
Calcium (mg)

Iron (mg)
Magnesium
(mg)
Potassium (mg)
Sodium (mg)
Riboflavin (mg)
Vitamin B12
(mg)
Vitamin A (IU)
Vitamin D (IU)
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2.3.3 Milk Fermentation

Milk fermentation occurs when milk undergoes the conversi
carbohydrates to alcohols (lactose to lactic acid), carbon dioxide or organio%\sing
yeasts, bacteria, or all of these combinations, which is under anaer&)nditions
(Svendsen et al., 2015). The bacteria in milk gains energy from lactose, producing more
bacteria, turning lactose into lactic acid (Weston, Kuchel, e N)). This makes
milk become curdle and tastes sour to indicate that th ‘Yn.l

a§' no longer be

consumed (Weston, Phan, et al., 2020). The fermenta of il ghurt can

®
generate productivity control and high product q%uranc , Whi ‘a@y be
. esﬁ et a@(')lS).

achieved by in-line monitoring in the fermentaY@
During the fermentation process, théunil s'aTto emi-s@i‘;edium like

yoghurt texture. Whenever the milk state turnéd into suc og@exture, the milk

3

particles will be aggregated durin coagula\(‘%o s,c'éxt al., 1990) (Hahn,

N\
Krzeminski, et al., 2012). Lacti%'ll b ‘ d Wh(@é;ae milk protein thickens,

and the bacteria causes the hde 1‘3 ecrease in pH level (Liu &

Smallwood, 2011). Sa , E. coli, and/Li ﬁbre examples of diseases caused
4 f &

by consuming sp&ﬁlk (P? et al. 0). Figure 2.5 shows the electron
microscopy imaﬂ cu ' afte(}% fermentation process occurs.
(0 ‘YPe .9

o
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{ L3 =39.91 nm

\
L2 =34.54 nm
\ 3

f 4

SEM HV: 5.0 kV WD: 5.3% mm | 1 1 | | I MIRA3 TESCAN

SEM MAG: 200 kx Det: InBeam SE 200 nm
View fieid: 1.04 pm Date(m/d/y): 09/02/17 RMRC

Sourcen(Shifani et al. ‘ﬁ) O\
Figure 2.5: The Electro%roscopy\agg Q@ed Milk.
5 o l’ "}

Therefore, it is crucia inguis

N
prevent stomachache, rth and Vo'ntm dllse S’eakdaman et al., 2020). In this

research, the quallty of mil efor and tation is compared where changes

in the partlcles S @inlon @ main factors of the milk quality. The
milk quality ({n b red t 1 absorbance reflectance and transmission
using spe experimentalme

:

en &A&k:d milk and fresh milk to
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2.4 Spectrometry

Spectrometry is a method used to measure the spectral power distribt?ﬂf
electromagnetic radiation and the interaction between light and matter (l\% t al.,
2020). Many types of spectrometers vary in terms of their specialisati physical
characteristics. Mass spectrometers, optical spectrometers, electron spgctrometers, and

magnetic spectrometers are examples of various types of spicMers invented to

measure the wavelength and frequency of light (McIntosh, : her' are many types

of spectrometers, with many possible variations anéy modi 10Mhich are
@

specialized in different applications. The region of th tromagneti e‘ve@trum

that had been usually used are X-ray, UV-VI io% iblé), IR, (Infra-Red),

. Sl'
and microwave. V 0\
The spectrometry method wasfist d;';overed b to@n he studied the

radiation of white light that split up %arious S %w i]::?g"oing through a crystal
N

(Bakar et al., 2016). From that.pei rwarﬁ, a fi anakgé’?ipplied the spectrometry

rule to portray various nat m el,‘i uding the s@btra of sun, stars, flares, and

sparks. Spectrometry as widely sell a%f 1852, when a Baugouer-Bee-
4
Lambert law was “develope Numeﬁé

measurement 1&& col
@
(Perkampus
&
ectrometryfechnidques are%ed in many experiments to detect light properties

sucILAabsorption, transm's@ﬁ, reflectance, and fluorescence at any desired

thh, frequency, and energy (Osborne, 2006). During the interaction between the

& and the samples, the incident light can be absorbed by, reflected off, or transmitted

rough a sample (Yaqoob et al., 2008). Thus, characteristics/optical properties of the

sample can be investigated through light intensity from the spectrometry experiments.
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Besides, a spectrometer can be used to measure particle composition and distribution
size for a sample (Zou et al., 2021). YV
Therefore, spectrometry is widely used to measure the optical @
samples based on light propagation, fluorescence, or colour spectromﬂks used to
obtain the information about the atoms and molecules (Aljaafreh, 2mlshammari
etal., 2020). The absorbance spectrometry (Alshammari et al., a technlque used
to measure amount of absorbed light (Nadareishvili et al., ith the determination
of solution concentration based on Beer’s Law (Bakar ¢ 2016) ctrometer

and VIS-NIR spectrometer with different ranges of ength are 'o @mine

the accuracy of the intensity spectrum in the s i 1sca§¥{ossel et
al., 2000). V
2.4.1 UV VIS and FTIR Spectro T n

UV-VIS and FTIR stuz% abso?ptlon @)the sample. UV (Ultra-

violet) spectrophotometers use visible hght to deterrmne the concentration of chemicals

P 3T &
in a mixture while FTIR (Fourler-Transform Infrared Spectroscopy) uses infrared light

I v

for the same purpose alentllf) rado, ) An UV-VIS spectrometer is very

similar with t ectr il m ~yﬁ%vays as both spectrometers study the
absorbance @m D‘? ng ¢ similar instrumentation. Fourier-transform
1nfrare copy/( nalg.él\s done to study the chemical compounds such as
C= O H in milk samle ough FTIR, the unsaturated fatty acid and water

in the samples were analyzed. In most cases, a sample used in spectrometric

sis must be pure to avoid confounding results.



2.4.2 Spectrometry Experiments in Milk

The spectrometry technique also had been applied to monitor food quali
authentication of raw milk from reconstituted milk has been done %\7 TIR
spectrometry (Du et al., 2019). The effectiveness of mid-infrared ?&ometer is
analysed and results show mineral compositions of bulk milk (Malac¥e~et al., 2018).
Many spectrometry analyses are done on milk samples inclu%\;gﬂ spectrometry

(Montemurro et al., 2019), Fiber-optic spectrometry (Kat tapet al', 2020), Micro-

X
spectrometers sensing (Amr et al., 2018) and R@ a'k@t al.,
2016) in order to characterize milk fat. T mﬂ iations Wased on

-Red ) to identify

the mineral drug substance (purified onitg) in a dru duccguhaddouch et al.,

2019) and to analyse the chemica%)erties \Vi%ti p:}iumbginifolia 7 as an

N\
important element in ethnomediei yaniQShan aﬂOl@able 2.6 summarises the

previous research on Variou%e\somi
milk and other materia%

'3

electromechanical systems (MEMS)-based Fourier sfo Wd (FTIR)
ectro4tw

spectrometry analysis such as the use of Fou% S

N O
Table 2.6: Sur@ Prexlious searc ing Various Types of Spectrometry
Xperi ts.
)
eetrometry)Technique Research Gap
Qz(_}udy /Limitation
(Ohtami etial. i -c@ spectrometry) The experiments are
% more expensive,
.\. Used ﬁbég%vtic probe and sensor to complicated, using
mea the milk fat content by only one type of
\ analysing 183 types of milk samples spectrometers and
with a specified temperature at the focusing only on
wavelength range of 400nm-1100nm. cow’s milk.
The results showed that the internal
reflectance ratio obtained with visible

light is suitable for measuring milk fat
content.
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(Russell, 2013) (MicroNIR1700 and MicroNIR2200 The research uses
spectrometer (870 — 1660 nm and only one type of

1130 — 2150 nm)) spectrometers
focuses only& ’s

Measured the composition of raw milk m:%
using online milk sensor. The original

MicroNIR spectrometers could not
predict fat and protein to International

Committee for Animal Recording i
(ICAR) precision limits for an online V
sensor. Thus, the light output should

be increased, and cooling was requirgd Y.
to reduce the operating temperatur |

(Brandao et al., (FTIR and NIR Spectromet

¢ research is
2010) mplex 1t focuses
Observed the optical characterization ly o w's ‘;?YE

composition and it was proven that \
that the wavelength 230 ldbe \‘/T
used to determine the fat ¢ i

of milk without ot

(Aljaafreh, 2015) (Near-Infra

onlystudies the
Measure nd of th\ﬁk &ﬁ)tical properties of
fermentationwia the tl& ormation of -~ milk based on NIR
% 1

actic acidg « <=~ spectrometry and
\ A(Q focusing only on
N cow’s milk.

(Malacarne et al., ( sp tr§m§ This research uses
2018) only mid-infrared
m 038:) MIRS) spectrometer and
YS use mineral  focuses only on cow’s
composit ovin . However, milk.

omposition of
1k ith/sufficient accuracy,
% e pecﬁ' 1:qgose minerals that are
%{; 5 esent atow concentrations.
(Zugh The research is

2020) flight & F) mass spectrometer) complicated and
using only one type of

\ Differentiated multiple (7) types of spectrometers.
0 nylon using direct analysis in real-time The research is

\ eM d tonotable to predict
the detai jfin

(DART) with the Orthogonal- conducted to
acceleration time-of-flight (0aTOF) investigate nylon
mass spectrometer analysis. composition instead

of milk.
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(W. Zhu et al., (Raman spectrometer). The research uses one
2020) type of spectrometers,
Developed a susceptible surface- and the resear?'

enhanced Raman spectroscopic SERS conductédyto
technique for the rapid quantification investiga%n
of creatinine levels in human urine. urine cOmposition
inst ilk.

(Y. Wang et al., (Micro near-infrared (NIR) Th ch uses
2021) spectrometer).

spectrometers, and the
Evaluated the quality of tea se is conducted
qualitatively and quantitatively. %nvestigate tea

mpgsition instead

2.5 Theoretical Analysis . \Y'
! _{;
In the theoretical analysis, the modeling techmiques ar%u dt analy&, e light

Y

Mo in\%tgme the light

et al.,22004) (Kuz’'min et

propagation in milk. Many modeling techniquesican b

propagation, such as Monte Carlo Simul@m
al., 2019), Whittle-Matérn (WM) chon cti?

A
Finite Element Modeling (FEM loden, “A, ombs, 20 and Finite Difference
é “« Q-
Transport (FDT) (Ramachan: al., Nm ﬁél{, 2006) investigated light
\

propagation models to ﬁteWLhe o}tica r?p@ of tissue. The authors selected

the Monte Carlo simulation’ as the#b oﬁ&l@jﬂmong four of the tested models.

Therefore, Mont@mu@s app -%n this research.
N

Theorgtic alysisfon '1} ls ﬁ%e{y used to investigate the milk quality for

monitorin&‘edicti gp es.¢Fhe model of milk coagulation process had been
4

demonstra y (Lynd aar({ et\a‘i’c 2012) to demonstrate the real-time coagulation

)

10&1, A, Combs, 2012),

prwand simulating the prchﬁction situation. Besides that, the theoretical modeling

ating the binding sites of citric acid and gallic acid on milk was done by

Onanphai & Tajmir-Riahi, 2020). Results showed that acid binds protein via ionic

contacts with gallic acid forming stronger protein conjugates. On the other hand,



(Gorbunova et al., 2020) proposed a model that was able to calculate the concentration
of enzymes of milk reductase sample with resazurin while (Mekmene et al., 201 w
a simulation model of ionic equilibra. The partition of salts between the @} and

micellar phases of milk from the estimated root-mean-square error ( d a slope

closed to a unit that were obtained. q
2.5.1 Monte Carlo Algorithm z '

According to Merriam Webster (Monte Carlo, n. M t.e\Ge,[dig initially

retrieved from the name of a city in Monaco famm@m for ¢asi a1‘d _@Bling.
For the simulation context, the Monte CarloY& syno rando&ess, like
ion

9
gambling randomness. Thus, Monte Carl w i ined @’fe simulations
&@ | &

evolving randomly (Kenton, 2020) an dom@uncertain possible

outcomes for an event. (Rorger Ec%t, 1987).\%$l e@rlo method was first
ﬁy N
0
invented during World War 11%46) by Johw' von @mgj ann and Stan Ulam to

A

improve decision-making certli conditions..Stan Ulam was recovering from

an illness and playin%1 es wl}e he 3tl (tzblrﬂ inspiration to calculate the

probability of wit ing @}d solitai ith 52 cards in the deck (Rorger
Eckhardt, 1987)\ (S"

¢ ' CO
Mo arlo Simulati alf' be@ed in many different situations to estimate the

estimate a

o

N~
outcomelwith @high #in. ?ty le\’&n the results. The examples of application of the
Mo&lo method are elec@ransport (Kawrakow, 2000), risk and uncertainties

A \lanaging projects (Kwak & Ingall, 2007) (Arnold & Yildiz, 2015), and
&1 tivity analysis (Pham et al., 2019). However, a few rules should be followed to
nsure the effectiveness of the method (Vatsal, 2021), which are:
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I.  The dependent and independent variables will be identified and defined as per

their domain of possible inputs. Y‘

II.  The probability distribution is determined before generating inp@r the

domain randomly. A

II.  The output for the problem will be calculated based on the ran%miy generated
inputs. V

IV.  Repeat the experiment for N number of times and a Ze thci results.

Thus, Monte Carlo simulation was chosen for this reSearch bécauSe.itfcan estimate

"X
the outcome for the random media. ' _\b}
Light propagation in milk samples ¢ odeled on @\'te Carlo

at ana@ss. the random

icte@.‘ Prahl & Keijzer,
1989). Monte Carlo algorithm off%randoml tistic mpling to solve the
S

complex structure in milk co ion besides b used to study biological

materials such as human ti@ere‘t’

2
2.5.2 Mie Scatte;% \|§ %(J
Scatteriwl e dl. idcdi Eo elaéi.’écQ and inelastic scattering (Bednyakov &
Naumov, 2 hastic sc V’:?g’oc(l;? when the direction of light propagation is
S

N\~
phét crgy isﬁlserved. In contrast, inelastic scattering changes

technique. Monte Carlo method applies th chastic

probability distribution or pattern whiChyis not'precisely

modifi

the digection of light and the @)n energy (Kozak, 2018). Elastic scattering can be
@d using Rayleigh, Mie, and Geometrics optics modeling. These three types of
@) eling depend on the size of nanoparticles. Rayleigh scattering model is used for
lastic light scattering when the particle diameter is much smaller than the wavelength

of the scattered light (Cox et al., 2002). Meanwhile, the Mie scattering model is used to
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analyse the particles for spherical nanoparticles with the size being almost the same as
the light wavelength. Moreover, Geometrics optics studied the particles Wlthw
larger radius than the light wavelength (Cox et al., 2002). \

In this research, the Mie Scattering theory is used to investiga@&bsorptlon
coefficient, scattering coefficient, and scattering angle of the milk samples (J. Wang et

al., 2020). As Mie scattering is solely dependent upon the pa icle siz€ (Moosmiiller &

Sorensen, 2018) and the wavelength of light, this research 1e eory to suit the
conditions needed to investigate and monitor the milk s 1) shows
the equation for scattering cross-section based on Mi ry (C ! 4)0

Y-v

2 Y
o= () . (2n+1)(| 2+| Ev
The an and bn are the scatterlmwnts fo in (CQt al., 2002) while

AN
kpy = 2nn,, /A \&
o ‘—)

Mie scattering theory 0 com the @Sfptlon coefficient (u«a), the

2.1)

scattering coefficient (w5), a the pha e fu t1?n @ where 6 is the scattering angle

(Kienle et al., 1996)%3 0 c te the spectral dependence for the
extinction cross n of th le ensions (Ramanenka et al., 2020). The

B
pump source@ can pas r‘m!lgl‘f-\%e/ turbid media depending on the optical

O

properti % edla uchjas @ﬂctlve index, scattering, anisotropic factor, and

the ab of the laser hgh (Ansari & Mohajerani, 2011). The optical properties of

ased on backscattering intensity can be used to study fat and protein

centrations (Ansari & Mohajerani, 2011). The complex fluid of milk is made up of
Ony components such as water, lipids, lactose, and protein (Montemurro et al., 2019)

(Jensen et al., 1991)(Ransmark et al., 2019).



2.5.3 Random Lasers
Laser is an optical device used in our daily lives, such as laser surgery, b?&
scanners, laser range finding and laser material processing. A regular lascaxres a
cavity for the feedback mechanism (Meystre & Sargent, 1990). Q- d mode-
locking laser based on absorber mirror and double Q-switched lasting mixed
crystals are the examples of various types of lasers. Those y developed and
]VT e random laser

improvised to improve the laser properties (Ismail et a

depends on multiple light scattering and optical gain to prowide the eWechanism

@
and light amplification respectively (Burin et al., 200 ith the fantastic ﬁr(‘)@les of
emission possessed by the random laser that is werful t regulap laser and

almost the same as a lightbulb, its demand th@je days (Wie Y:& Cavalieri,

2001). \(ﬂ CS«

Random lasers consist of t es: inco %n cp@rent feedback (Ismail
N
et al., 2014). Incoherent rando rk when eahgth rns to the gain medium

&

by multiple light scattering %;hmal AThe @n density rapidly grows with
the pumping rate incr ere a narrowed lerhission peak is formed on the broad
4 ¢ &
the g

fluorescence baclﬁat thelc {nJSpectrum during threshold (Ismail et
al., 2014). Meanwhile; edb random laser occurs when the scattered

emission li %JCGS e:% ‘ooe-g ths (Kedia & Sinha, 2017) due to repetitive

hght scaftenin ence of narrow spectral peaks above the emission
ba d when the lasing th%{hold occurs (Wiersma, 2008) (Consoli & Lopez,
2

Random lasers have unique characteristics such as low fabrication costs, a
ecific wavelength of operation, flexible shape, and substrate compatibility made them

easily adapted to many fields (Van Hoang et al., 2010). This laser is the future of laser
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technology as the development creates more advanced applications and provide more
job opportunities worldwide (Y. Zhu et al., 2020). Bioimaging, tumour detection w
quality test, and contrast-to-noise ratio (CNR) tests are examples of apphc(%\mere
random lasers appear to be in high demand due to their promismg‘&es which
enhance the technology (Van Hoang et al., 2010). Random lasers are ctiicially useful in
biosensing and medical applications since the lasers can s-produced and
convenient to set up and handle at a low cost (Wan Ismai % . Thus, random
lasers can develop many new and sophisticated applica to emearketmg
needs due to their unique characteristics. ' _\"}

A random laser is one of the alternative ec% the&ormance
of a regular laser by operating on multlple ts tterm\g ptlcaJ@bn instead of a

cavity (Lee et al., 2019). The multiple waerlng an cal @(ﬁ)rovide feedback

and the light amplification respectl here pa ca 'f% light and the light is

confined and amplified by stim 1351on (Istrail et 019) The characteristics

of random lasers can be o Mthr g t@old, emission linewidth and

emission spectra. The 1%1 shold 1';:321}:3‘& w‘l@'the energy transition is saturated

where the emlssm&b&fvidth Ie onhn with the increase of pump energy.
rea i

When the syste

shold(.}% multiple emission peaks appear on top

@
of the ﬂuorifc%bac roun Tén ﬁt-}a ., 2019)(Wan Ismail et al., 2020) (Choubey

etal.,&% ’TJ‘)" 'é\\

random laser has @’ benefits such as simple set up and low cost leading

tablhty to be used in biosensing and imaging applications (Wan Ismail et al.,
Q )(Chen et al., 2021) . Research on random lasers include the usage of biological
embranes (Chen et al., 2021), fibers (Popov et al., 2020) (Wan Ismail et al., 2020),
polymers (Gummaluri et al., 2020) and dyes (Kedia & Sinha, 2017b) (Ismail et al.,
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2019). Random lasing in er-doped rayleigh fiber was recently achieved by using a weak
fiber Bragg grating (FBGs) that uniformly distributed over the fiber length. Mea A
(Chen et al., 2021) had developed a facile method to improve the perfo@ of a
biological photonic crystal random lasers for speckle-free imaging. ides that,

random laser modeling based on light scattering in milk is also déne using light

propagation theory. . V
2.6 Conclusion .\d
X
In conclusion, the brief reviews on lig@ﬂgatio 1 d.laif-y} milk
contents, Mie theory, Monte Carlo algorith nd% re g{.’xﬁ in this
ing s trom@vo: others are

reviewed. Further reviews and theorewaies are als Ovi@l Chapter 3 until
zéhe objectives can be

N\
achieved. Basically, the milk q milk conténtsicande-investigated through light

propagation theory using e htal I\ @oach. The difference amount
of contents in milk sa Zribute the di

4
reflectance spectra, Wes t@mac ics of fresh milk and fermented milk

can easily be distinguished 'hi which indirectly help on studying and
¢
il

monitoring quality of
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