CHAPTER 1

INTRODUCTION s )

This chapter discusses the introduction and the problem statement, whigh contributes to

the idea and development of this research, objectives, and scogesN study.

1.1 Introduction '
This research aims to analyse milk based o t propaga

\zbm ing

n li tion a
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using experimental and theoretical methods. Th propagation i mi késtudied
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through the observation of absorbance, transWn, M ce and%ﬁorescence
spectra. This study is important to analys(NB‘ pr i milkg ed on milk fat

content and fermentation. Various tymil used

milk, skimmed milk, soy milk, almond ’]ﬂl% %m

o
conditions, such as newly 0& ilk and, fe ente@%k from different days of

storage, were compared to &?’!ﬁilk 1\Jalit othéciét\rimental setup and theoretical
‘ : (
analysis are designed to obt

the opfi r@e%h output. This research also aims to

model random la@dy thl: effecs of fat ent on random laser properties.

1S reQrch, such as fresh

1k. a%'g%nwhile, different milk

N
The dai ustgy is o }ﬂ thz%nbortant industries in food and beverages

und the W?’l 0 ¢ milk and dairy products to sustain a healthy
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and nugri diet as pawt of their ‘Q‘[ y life (Kubicova et al., 2019). The production of
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dai

sectors.

ct increases substaﬁ?lly from 482 million tons in 1982 to 831 million tons

(Borawski et al., 2020). Therefore, it is crucial for the consumers to know not

Oly the milk contents but also the milk quality to prevent food poisoning and to have

a healthy diet. Hence, the spectrometry method can be used to assess milk



properties. Through spectrometry experiments, the optical properties of milk in t?!f
absorbance, transmission, and reflectance can be observed and analysed @lts et

al., 2011). *

The whole research is divided into three parts. Each parts has 1§ own objective

and scope of study to emphasize the research results accordin,i!imﬁrst part of the
research focuses on analysing the milk fat from spectral a afice a?d transmittance
peak measured using various spectrometry experiments. Mo e.bsddg‘orithm is
| o | | PN
applied to distinguish the milk fat between skimmedgand whole 111. @ortant
ers

scattering factors such as internal coefﬁcienw ro%
power are being analysed. V

The second part of the research sa the ligh

kept in the room temperature for %days@,}
i ?l 0

compares the fermented mil e fresh klby@easuring the absorbance,

: .@Y forward
X
gat@% milk after being

29 </ %

g(é\?ned milk. This study

transmission and reﬂectanc?e\ga ols ed using -NIR and NIR spectrometer.
de

ling base 01{ @te Carlo is correlated with the

o ¢

experimental meth here @AZG, ﬁﬁbtion, and scattering efficiency are
N

computed usin% ory.
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Finally, hird part_in 1\£s Wy of light propagation theory in various types
N\
of milk% Imoid.mi ,;resh k, and oat milk. The absorbance and fluorescence

speQ observed using VI@K and NIR spectrometers. Besides that, random laser

\g based on light scattering in milk is also done using light propagation theory.

The output of Mie t



1.2 Problem Statements

e
Milk is a delicate fluid that can be easily spoiled during producing, processing,

packaging and storage process as it is rich with nutrients (Lu et af!,%). The

consumers can suffer from food poisoning, diarrhoea, abdominal pain and other

v

stomach diseases due to bacteria production in milk (Velézquez-Ordongz etal.,2019).

The healthy diet also can be affected with extra cons fat, protein, and

carbohydrates through milk (Lamarche et al., 2016). Furt C, thi adulteration of

milk becomes a common scenario in dairy industry nowa

. Inforder t;acﬁnore

(’ N
consumers, the milk will be adulterated by addin , Sugar, flavors/an nﬂ\&;ﬁlizers
P 4
(Ojha et al., 2018) to fit consumer’s preferencesY' \ \/VC
N 4

o

Study on milk quality is important to investigaté the durability of the milk to
v i :
be consumed to prevent any health issue whereas study on various types of milk is
PN N 2 AN
useful to understand the optical properties of various types of milk. Many studies have
&I 60 <

been done to investigate the milk ‘(’1uality and milk content such as developing the

QY

plastic optical fibre as a sensor for milk fat detection (Angrasari et al., 2019),

r X | 9.

developing a portable detector to detect the 131ain compositions of milk (Yang et al.,
a 4 X0 Y

2020), using an external cavity-quantum cascade laser spectrometry for milk protein
v L]

~ &
analysis (Mo Wo t al.
E 2
Yy

Ei) and developing a method through liquid
'

chromatog gh resolutio as@ctrometry to determine the free fatty acids in
N
milk (Koketou et al.,é : 'Gerbe{ method was also used to determine fat content in
AW

dairy products but it involved the certain risk of handling concentrated sulfuric acid
:)‘(?ong et al., 2016). Light propagation had been used to study the quality of foods
\and beverages for years (Askoura et al., 2016). Many light propagation techniques
such as fiber optics sensors (Gowri et al., 2019), ultrasound technique (Mohammadi

et al., 2014) and spectrometry experiments (Choudhary et al., 2019a) had been

3



developed to study and monitor the quality of milk. However, the studies conducted

are complex, intrusive and time consuming. Y.

Thus, this research aims to develop techniques to investigate fat content in
milk and differentiate milk quality from fermentation process based on light

E=——
propagation theory. The study comprises of experimental and theoretical analysis for

L N\

various types of milk which are valuable to be referred for future research.
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Experimental analysis comprises of spectrometry methods whereas' the theoretical
| y
analysis comprises of Monte Carlo algorithm, scattering probabili ‘z and light
« 1 .
propagation theory. Through spectrometry experiments, we monitor the milk quality

N i
by observing the absorbance, transmission, and fluorescence of milk. Meanwhlle the
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theoretical studies are used to model a random laser based on various types of milk to

~ L.
study on milk contents using propertles of random lasers such as emission intensity,

. N N ALY
linewidth, and lasing threshold. The technlques are 51mp1e and non-intrusive which
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may reduce the time consumlng, cost and milk contammatlon
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1.3 Research Objectives $ <</

The mam udy to an e m1lk based on light propagation and

random 1as1n ex riment etlcal methods. The following objectives
are apphe(%)mph thefresear al, which are:

1nvest1gate and "csg;pare light propagation in milk using various

\

\ spectrometers.
Qe To analyse milk quality after fermentation using spectrometry technique.

To model random laser based on light propagation in various types of milk.



1.4 Research Scopes
This research analyses the light propagation in milk to study milk qua
milk contents. The studies comprise of experimental and theoretical analy%\h are

divided into three parts as discussed below: A

\/Y'

A. Simulating the light propagation in milk and dist%ulshing the optical
properties, such as backscattered count and the u th@me Carlo
simulation in MATLAB. ‘ Y'

N
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B. Conducting the experiment of light propagation in I?ﬂ using thr@ypes of

YV N
spectrometers, which are: \ X

1. Ocean Optic Flame Ne@ (NI Qép ometer.
Se

ii.  Varian 3100 Excalibur S rien sﬂ&no Infra-Red (FTIR)
A
Spectrometer. Py c,}
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iii.  Perkin Elmer L& , 750 /NIR ctrometer and Varian 3100

N
Excalib SeR FourimlTra oi‘mﬁmRed (FTIR) Spectrometer.
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siti@d the scattering angular efficiency using
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propagation of milk and fermented milk covers

B
e intensity spectm&bf absorbance, transmission, and reflection. The

\?pectrometers used in the experiments are:

i.  Ocean Optic Near-Infrared (NIR) spectrometer.

ii.  Ocean Optic Visible-Infrared (VIS-NIR) spectrometer.



Part 3

A. Conducting experiment comprises of light propagation of different types ofmilk

based on absorbance, and fluorescence. The statistical analysis 1&% using

principal component analysis (PCA) to summarize the information ‘Content in
the large data. The spectrometers used in the experiment%

i.  Ocean Optic Near-Infrared (NIR) spectrometerY-
it.  Ocean Optic Visible-Infrared (VIS-NII%&:&L'
B. Modeling a random laser for different types of milk'base oMﬁpa\%ﬁon
theory using MATLAB software. é ' -{')
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