CHAPTER 5 \Q

ANALYSIS OF MILK FROM DIFFERENT SOURCES BASEm;EHT

PROPAGATION AND RANDOM LASER PROPEI?

This chapter analyses the light propagation in various t}ﬁ milk based on

spectrometry and theoretical analysis. The absorbance and nc of light for each
milk samples were analysed and compared. Meanw ara o"\ﬁbased on
propagation of light in different types of milk was led using li t'p &@aﬂon
theory. The results gained from this research be ed asfa referénce tcm'evelop a

random laser based on milk to compare the ount of fas co\nt in éxs. milk in the

market.
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This chapter is used to achieve h Je t odel ra@om laser based on light

)

propagation in various types (3
S

Results in Chapter 5 h( ¢ be ubmltid urn, otonics’ (ISSN: 2304-6732).
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5.1 Introduction

Milk is a valuable contributor to a healthy diet as it contains @d
components such as fats, proteins, carbohydrates, calcium, phosphorous g?amins.
This chapter aims to differentiate milk from animal, plant and human source§ based on
light propagation and random laser properties. Experimental, stat'stiCXn.d theoretical

analysis were used. Light propagation in different types of mi as almond milk,

oat milk, soy milk, fresh milk, goat milk and human brea was 'measured using

spectrometry method. Near IR and visible light transmissiém thrgugh lutet{zmilk

. . . LS
samples were compared. Soy milk and fresh m ve the highe T e and

4
fluorescence of light, respectively due to high ¢ of fat,% ifl, and éar%;hydrate.

@ experimental

Principal component analysis was used t

results. The research method is compreN

NS
350nm to 1650nm of wavelength nd nons siye Qﬁ: it does not affect the
@(\ 5

@
sample. Meanwhile, analysis \ was als
such as multiple emission?s andllasi reshold: Higher fat content in milk

N
produces lower rando hresh? J‘.ﬂlegl ults show that milk from animal,

plant and human Nanablse\g lig sorption, fluorescence, and random

o done ﬁas@m random laser properties
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lasers. The resENn thod mi uszg@r future study on milk contaminants that
change the preperties of mil (_/
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5.1.1 Theoretical Analysis

The theoretical analysis for this study was done based on light prop?m
theory. The modeling of random laser was designed to investigate on la51%xhold
reduction and linewidth narrowing through various particle densities, d entration
and pump energies. The modeling was done for almond milk, fresh Wat milk and
soy milk by calculating milk fat content for each milk. The y g technique was

completed based on light scattering theory using various s '

Step 1: Setting up the modeling parameters .\do

\
.3
The initial pump wavelength was set at 5 3 The sc;tt er nSltYle of each

\’
milk was calculated through the Weight of fat lobul ﬁ% shown in
Equation (5.1) and (5.2). g‘
-\ (5.1)
Volu T '
=y §
g Q-
ass
Scatter sity,n <</ (5.2)

olu
S% cros’ sec 01|1 2 (5.3)
Scatterin \" (40 ! 54)
8 f reelb ng X @tterlng cross section
(.z
ch

where dia 930 nm (Abeg eét/al 2016).
3% 5/
he"scatt

erer density Wac)VJ'.led according to the fat globules presence in each
t: mllk and the concent?‘uon of dye was tested for each milk for 0.1,0.01 and
1

M by increasing the pump intensities from 10mJ to 100mJ. The scattering cross

ction was determined based on (Abegad et al., 2016) as in Equation (5.5) and (5.6).

80



Scattering Cross Section, o, = mr? (5.5

The reference spectrum (fluorescence of Rhodamine 6G%Certed into the

system. Yv
Step 3: Photon loop \d
X

& N
The photon loop starts by determining thegdirection of travelywh h-'é'f)icked
4
1ans: oton

randomly from a uniform distribution over 41IW' he sv'\'&}. travel at

Diameter (D)
2

radius,r =

Step 2: Inserting reference spectra

distance / before being scattered. The dist Ms calg‘llat asezlé‘aiquation 5.7)
(Wood et al., 2001). \) O

S E -
where, ¥ is a uniform vam%n). Aj %\SQ
o i

The scattering n free path d,asége average distance the light scatters

in the medium b@wo SClittel‘l\ eventsévas calculated based on Equation (5.8)

&
(Luan et al., 2&

A
’l f_)(.z

¢
s =ﬁfsds (5-8)
v $

hQresents scatterer d@ whereas oy is the scattering cross section of the

AN

Qp 4: Designing multiple light scattering technique
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The scattering for the simulation is assumed in isotropic condition as in Equation
(5.9) with the azimuthal angles @ are uniformly distributed over the range of w

radians in Equation (5.10). %\

Isotropic scattering =1 —2 X rand

Azimuthal Angle, ® = 2m X rand N (5.10)

The scattering of light was detected and calculated % Herey-Greenstein

scattering function as in Equation (5.11) (Binzoni 006 (W & Alim,
®

2019). s J’.\C}Y
_ 2 4 b
) 1-g G
P(6) = (1+g2 - %‘3/2 \ g

where g =< cosf >, the mean cosine Ofiscattering angl O
\ é
Step 5: Light amplification within t;: logp C-}
4 &

The photon launcha%&gampji when t@e was excited by the pump

source. The gain Value% ined fr‘ at'io@ 12) and (5.13), assuming all dye

molecules were exci l

Stimulﬁ mis io;l c sf{ecfiq@Cemi =E(,2) X57 % (5.12)

Q, ain xlﬁd)ideyexL) (5.13)
4

ﬁ&l .
where, Naye 1S the concentration‘%{g:e dye whereas L is the path length.
N

ntensity detection

0 The amplified photon from the scattering loop was detected and calculated for

each type of milk.
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5.1.2 Flow Chart of Theoretical Analysis

The figure 5.1 shows the flow chart of the theoretical analysis.

&N

Setting Up The Inserting
Modeling [—> Reference  |—| Photon Loop
Parameters Spectra
\4
\ v
Designing Light
Multiple Light | Amplification | Intensity
Scattering Within Photon Detection
Technique Loop A
- Ve ¢
Figure 5.1: The Flow Chart of T@ Analygis. ) | _\b}
s b 3
\ Y
5.2 Methodology W ?Y.

The study was done based \% parts, C me@(@xperiments and
theoretical analysis. The spectrom experg e conducted using VIS-NIR
re the results of th@%}periment were shown in

spectrometer and NIR spectrometer

(7

&

ysis. For the theoretical part,

Ocean View Software and analySed usi 1ate

.

random lasing emiss@' fozvarious mil seim% was modeled based on light
:
propagation theoryL% are (fj/

\PE 5 | &0
5.2.1 Flow C% xperim a]'Ala is

ow@f of experimental analysis in which study on

i .1 shows t
SO
Variwe of milk was ﬁrstl&;@ ducted before determining the samples of milk to
lseg X

for the experiments. Seven types of milk selected for the spectrometry
riments were then carefully prepared and diluted to prevent spectrometer saturation
discussed in Chapter 4 in Section 4.3.2.3 of sample preparations. Then, the
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experiment was later performed using Ocean Optic Visible-Near-Infrared (VIS-NIR)

and Near-Infrared (NIR) spectrometer. T
AN

( START )

\ 4

Doing research on types of milk to be used for the experiments.

\ 4

Preparing various types of milk for the spectrometry experiments.

v

Diluting milk samples to be used for the spectrometry experiments.

A 4

Conducting the experiments using Visible-Near Infra-Red (VIS-NIR)
and Near Infra-Red (NIR) spectrometers.

Recording all data obtained through the experiments

A\ 4

NEW MILK
SAMPLES

Repeating the experiments for each type of milk samples

FINISH

Doing analysis and discussion through the data obtained from the
experiments

A 4

END

. P
Qg-? ';é.eﬂfih (jsigned For Experimental Analysis.
A L9

S

N
\Cf)
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5.2.2 Flow chart of Modeling Approach

The modeling of random laser was conducted based on light propagation
and repeated for almond milk, fresh milk, oat milk and soy milk which h%\erent

amount of fat contents. Figure 5.2 shows the flowchart designed fi modeling

approach. Y.
N

[ Studying light properties in milk ]

v

[ Determining the modeling parameters ]

v

[ Constructing a model of a random laser based on light propagation theory ]«

v

Running the code using MATLAB Software ]

|

NO

L Obtaining the modeling output \|

TYPE

NEW MILK

|
YES 13
[ Repeating the modeling for other types of milk ]

FINISH

[ Analysing the output ]

" 4 il ,\}

Figure 5.3: The FTb(;v)chaﬂ Designed For Modeling Approach.

g
N
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5.2.3 Experimental Approach
The investigation of light propagation in milk was conducted using
VIS-NIR spectrometers to observe the absorbance and fluorescence of ligh@n the
respective wavelength. The techniques of spectrometry experiment invﬂk
A. Preparing the samples for each type of milk accordingly. Y.
B. Assembling the experimental set up. V

C. Running the test of absorbance and fluorescence fi hzype 'Jf milk and was

repeated for both types of spectrometers. .\d
®

| | | g
D. Experiments were done in the lab in normal r emperatur ' _{')
P 4

The spectrometry experiments were do?ﬂg V&Q s of m&' to study
I nten%he amount of

protein, carbohydrates and fat in milk aetors which uen@e absorbance and

‘&
5.2.3.1. Milk Samples \ l Aj '\A
The study of li% gatim}i bnj }rilézgzstigated using animal-based and
plant-based milk.& pes 1f HN

the characteristics of light propagation in w;ed 0

TIL, Milk O

[ oy Milk
O. Goat Milk
VI.  Breast Milk (Sample 1)

VII.  Breast Milk (Sample 2)
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The almond milk, fresh milk, oat milk and soy milk used in the experiments
were obtained from the same production brand, Farm Fresh. Meanwhile, the gow,
breast milk sample 1 and breast milk sample 2 were obtained from the SOL% hich
the milk was pure without any alteration and modification. The typ ilk which
were used in the spectrometry experiments are shown in fig .3 and the
ake

characteristics of each milk are explained in table 5.1 based on yes.
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Table 5.1: The Characteristics Of Milk Samples Used In The Spectrometry
Experiments Evaluated By Naked Eyes.

\/

Picture

Name of the Milk Characteristics

The milk is dark
Almond Milk beige in colour.

The milk is white in
Fresh Milk colour.

The colour of the
Oat Milk milk is slig
brownish.
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The sample is in
Breast Milk light white colour.
(Sample 2) The milk shows less
dense and more
transparent compared
to other samples.

The milk is white in
colour.
Goat Milk

Figure 5.5: From Left: Almond Milk, Fresh Milk, Soy Milk And Oat Milk (Farm
Fresh) Are Used In Spectrometry Experiments.
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Table 5.2: The Nutrition Facts Of Almond Milk Per 200ml (Price: RM 3.70)

Average Composition Per Serving 200ml
Energy 106 Kcal i
Protein 2.6g c $
Fat 6.2g 4
Calcium 261.2mg * N
Carbohydrate 10g

Sucrose 7.8g Y '
Sodium 33.6
Total Sugar 7.8%

Table 5.3: The Nutrition Facts Of Fresh Milk Per 20 ric‘e:'RM 2.50)
Average Composition Pe ving 20
Energy 130 Ke¢al
Protein 6.8
Fat 6
Calcium 244 N
Carbohydrate

Total Sugar (Lactose) i

Table 5.4: The Nutrition Facts Of Milk Per 1( Q RM 3.70)
Py X

Average Compositi Per Sel r@ng 200ml
Energy
Protein

Per Serving 200ml

Energy \c')y 116 Kcal

\ Protein 7.8g
Fat 3.6g

Calcium 193mg
Carbohydrate 13.2¢g
Sucrose 9.8g

Sodium 30.2mg
Total Sugar 9.8g
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5.2.3.2 Sample Preparation

The samples used for the spectrometry were diluted with distilled wat
samples were diluted to allow a significant amount of light to pass throug@tion
and can be measured by the spectrometer. The opaque and concentrat&ions such
as milk prevent the light to pass through the solutions. The milk samples were diluted
with ratio of 1:100, milk to water. After that, the diluted sam em placed into the
cuvette (diameter ~1 cm) and shaken lightly before being k't

h' cuvette holder.

Then, the light from the samples was collected by VI an trometers,

oo g
accordingly. The important precaution step that shoul onsidered i li'n@g the
t thﬁ\&pagation

of light where the light can be diffracted one.it hits th@Tir Dvkbles (‘@K 2011). The

diluted samples of each milk are show\%e 5.5. é

existence of air bubbles inside the cuvette. Thegai bl%

\ 5.6: The Milk Samples After Being Diluted With Water, From Left: Breast

Qq?iilk Sample 2, Breast Milk Sample 1, Goat Milk, Oat Milk, Fresh Milk, Soy Milk

And Almond Milk.
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5.2.3.3 Experimental Set-Up and Analysis Software

The experimental set-up used for this research is similar with Chapter 4 w

4.3.2.1 of Experimental Set-Up). %\
5.3 Results and Discussion ?
W

Study on milk contents was done by investigating thg C eristics of light
esh mi

propagation in different types of milk such as almond milk]} , oat milk, soy

milk, goat milk and breast milk. The study was performedybased nwental and

were use b@the
to_com e milk contents.
Jrgele

ri cipab\com nent @sis (PCA) to
analyse and evaluate the validity Kbxperimen esu, eanwhile, light

propagation theory was used to m ndom M f:’\r%ﬂt types of milk. The
ﬁy N

features such as threshold redu%d 1in9w1dt mo(ugs‘g) were analysed based on
\ pu’n T@tput from both experimental
n

milk density, dye concentm?
and modeling approacl% alysed and cds@ystematically in this chapter.

theoretical analysis. NIR and VIS-NIR spectrom

absorbance and fluorescence of different type

The statistical analysis was carried out usi

NI -NIR spec n‘f;te@an measure emission spectra of milk samples
from 9‘%'1 650 35(%;%;}\ to 1000 nm respectively. The absorbance and
ﬂun&ce spectra of diff@twes of milk were observed using Ocean View
Sox. Almond milk, fresh milk, oat milk, goat milk and breast milk were the

les used in the spectrometry experiments. Figure 5.6 and figure 5.7 show the

bsorbance spectra of various types of milk measured by both NIR and VIS-NIR

spectrometers.
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Figure 5.7: The Absorbance Spectra Of @Ty Of Milk Sa@fes Through
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Qi;ure 5.8: The Absorbance Spectra Of Various Types Of Milk Samples Through
VIS-NIR Spectrometers.
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Figure 5.6 and figure 5.7 show the absorbance spectra of various milk samples
used in the experiments captured by NIR and VIS-NIR spectrometers, respecti?ﬂt
is clearly shown that soy milk has the highest absorbance spectra comp@})ther
samples. It is attributed to the high amount of protein, fat and carboh ontained
in the soy milk, as shown in table 5.7. The soybean seed itself consists 0f lots of proteins
and carbohydrates compared to raw cow's milk (YIGIT, 201 .Mmilk shows the
second highest absorbance due to high amount of fat, prot 9Ya:b(]hydrate as well.
The thicker consistency of the soy milk than fresh millgis one o Stors that
affecting the absorption of light in the soy milk. F% shows§ th sﬁ@vp;ak

SO

of fresh milk (750 nm) is slightly different wi (%\Jn of SQY/YI.'Iﬂk (700

ce sp s the sample

nm). Meanwhile, breast milk (sample 2) ha lowest

is quite transparent and less dense c@to others. in %y of absorbance
spectra only reaches 4500 and %thrm@i&?an ,@S-NIR spectrometers
respectively. The results clea%v hn he C \ts can affect the light
propagation. \

Many recent st% e bee}lLeve ng ﬁb‘tudy the properties of milk such

as developing a ha %ld suscle i 1 %ﬁwmilk fat sensor using U-bent plastic
conte&(

optical fiber (P to'study ' milk (Gowri et al., 2019b), developing
@
a ﬂuoresceﬁi%ed techniq £ (t-l} time-based milk degradation at room

tempera% pH of ilk ( .;ihary et al., 2019b), and developing ultra-high
per ce liquid chromato@ mass spectrometry to quantify micronutrients (B-

% ) from milk samples (Shetty et al., 2020). All methods are complicated and
onsum

e time, money and energy. Furthermore, the methods are done based on

trusive approach where the samples can be affected result in less reliability of the data.
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Figure 5.8 shows the fluorescence spectra of various types of milk using NIR
spectrometers. The fluorescence spectra show that the fresh milk has the Wt
emission intensity compared to other milk samples. This is because the ﬁg}ence
emission can be affected by the amount of fat content and fresh milk co e highest
milk fat content compared to other milk (Shaikh & O’Donnell, 2017). Bhe fluorescence
peaks for all samples are from 1000 to 1100 nm, depicting tlaaMilk might have
ingredient that can emit light within the wavelength ranges. ore' comprehensive
characterization studies should be done to identify the milk con: nw can emit

X
light. Besides that, the light source can be changed to instead o g’;te_&ch}logen
light that is currently used in the experimental 4 \Y

2 NN W

A

60 -
= Almond Milk
Soy Milk
50 + Fresh Milk
Oat Milk
w Goat Milk
E 401 Breast Milk Sample 1
8 Breast Milk Sample 2
> 304
[0
3
t 20 4
10
0

L] l L] l L) I L) l L) l L] l L) l L] I L)
1000 1100 1200 1300 1400 1500 1600 1700
Wavelength (nm)

NIR Spectrometers.
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5.3.2 Multivariate Data Analysis

Principal component analysis (PCA) is a flexible tool used in multivariw
analysis in order to extract the important information from the data and t@s the
information as a set of summary indices (Groth et al., 2013). The dalf&ned from

the experiments have then been analysed using the principal comp&ent analysis to

collectively observe the pattern and consistency of the data reqiinf m both NIR and
VIS-NIR spectrometers. Figure 5.9 and figure 5.10 show 1Smalization of the data
(10 readings) gained from NIR spectrometer and VIS-

principal component analysis. ' _\"}
- ’ b

2000
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1000

PC-2 (0%}

40000 20000 0 20000 40000 0000
PC-1 (100%)
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\ 2 § ’ g Q\
- The Prin palﬁom&hen‘t Analysis (PCA) For Absorbance Spectra of

Fig
K NIR Spectromet@M Is A Short Form For Breast Milk).
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I~ a

at th barice e&;o
NS

Figure 5.9 and figure 5.10 show t ) of various types of
milk, measured by both NIR an -NIR spect qmet re very consistent and
precise. From the analysis, we Belicve,t perinﬁﬁfal data for absorbance are

&,

=

N
reliable due to the cons@ precise data taken™\Meanwhile, the statistical analysis
'3
of fluorescence spec%: ei Mn{k th spectrometers are shown in figure 5.11 and
figure 5.12 respe&.
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Figure 5.11 shows that the fluorescence spectra measured by NIR spectrometer
are spread out which justify the inconsistency of the data. Meanwhile, the fluor
spectra measured by VIS-NIR spectrometer are precise and consistent (%\.12).
Thus, it shows that the fluorescence spectra from VIS-NIR spectromete e reliable
compared to the NIR spectrometer. We attribute that to the high variange where a set of

number are spread out from the average value (Smith, 2006) ((ilMa’ayan, 2011).

5.3.3. Theoretical Analysis Results .\d
X

Random lasers based on various types of mi ere mode b*e@ light
propagation theory. The results are presentY.‘
linewidth. The modeling used four types w nsi
oat milk and soy milk based on the miw ent provi
The modeling was designed to inv%e the ra\h% i @eshold reduction and

N
o v,

linewidth narrowing by va icles density d{éﬁeoncentration and pump
- D Ky
intensities. ‘é\
'S
2 ¢ &

5.3.3.1 Emission IK& =
The mo% sults in t%particles density, dye concentration and
¢ ? C,)

e shown«threugh ﬁr_gphical representation. The graphs generated

erm,{ i sion\&tra and

mond@k, fresh milk,
n ta@%Q until table 5.5.

wn

0|

pump intensities
N
from th ing We er aﬁli?sed to investigate the random lasing threshold

red!Aand linewidth narr@fg. Figure 5.13 to figure 5.16 depict the emission

@)f random lasers for below, at and above lasing threshold.
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he Variation Of Dye Concentrations, a) 102M, b) 10>M and c¢) 10“M. The Inset
Shows The Multiple Emission Peaks In The Closed-Up View.
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re 5.17: The Emission Intensity Of A Random Laser Based On Soy Milk With
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103



Figure 5.13 to Figure 5.16 show the emission spectra of modeled random lasers

for various types of milk. The emission intensity increases with the increase o

energy. There are no emission peaks observed for random lasers below lasi%Xhold.

By providing sufficient pump energy, multiple emission peaks appeﬁ&op of the

fluorescence spectrum that indicates the lasing threshold. The lasing ireshold occurs
when the optical gain exceeds the losses in the gain medi Nemission peaks

become significant above lasing threshold. Figure 5.13 sh the emission spectra of

random lasers with almond milk for different dye conc tiong. l!?sﬂdowest dye

@
f the fluor er#:e @trum

iss% nly Q&ér for the
e mo‘.@&n 10“*M to

QKE}S based on fresh milk
N

concentration, 10*M, no emission peaks appear on

when the pump energy was increased to ~50mJ:

highest pump energy. It is attributed to th

provide light amplification. \)

Figure 5.14 depicts the emission, spectra \cm
. @)

for different dye concentration ission peaks for theldye concentration of 10°M

is more significant compare% emI n poaks f@ concentration of 10°M and
10*M. Meanwhile, th i8s10n spectra of ndlo@ers based on oat milk shows the
4 $ &
15)

increment of the lasifig,thresho 3 emission peaks of the highest pump
energy (100mJ)for 1M 'centr t%ﬁ 1s more significant compared to the
emission peakS ofiithe gh‘est ulﬁp 6‘:?gy (100mJ) of both 10*M and 10°M dye
concentgatign. ‘©n thg'othewhand, t .e\mission spectra for random lasers based on soy
mil e 5.16) shows the n@iz.niﬁcant emission peaks with the dye concentration
0 \{ As many emission peaks appears at more concentrated dye, it is proven that
hetamount of dye is a factor that mainly influences the properties of random lasers. The

mount of particles is important to provide sufficient multiple light scattering but

adequate amount of dye is also needed for light amplification.
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5.3.3.2 Emission Linewidth

The emission linewidth is measured by measuring the width of the e
peaks for each pump densities. The pump energy was varied from 10mJ t@, and
the concentration of dye used is varied from 10* M to 10~ M. Figure %til figure
5.20 show the emission linewidth for almond milk, fresh milk, oat md soy milk

for various concentration. The blue line is used to determine m\h'g threshold. The

lasing threshold can be found when there is a nonlinear de ¢ of emission linewidth
with the increase of pump energy. The lasing threshold 1 rkedjusi circle.
®
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Figure 5.18: The Emission Linewidth Of Almond Milk With Various Dye
ncentrations, a) 102M, b) 10>M and ¢) 10“M. The Lasing Threshold Is ~50 mJ For
(a) And ~48 mJ For (b). No lasing Threshold For (c).
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Figure 5.17 shows that random lasers with almond milk has lasing threshold at
~50m]J for the highest dye concentration, 102M. The lasing threshold reduces towJ
when the dye concentration is reduced to 10°M. When the dye concentrati \rther
reduced to 10*M, no lasing threshold is observed. Figure 5.18 show esh milk

with 10 M dye concentration has the lasing threshold of ~60mlJ, and rther reduces

to ~58mlJ for 10M and ~50mJ for 10*M. However, the oat milk in“figure 5.19 shows
~ZmJ

the lasing threshold at ~60mJ for 102M of dye concentrati ior 10°M of dye

urthe WOm lasers
60

Y
with soy milk (figure 5.20) shows the lasing thresh ~ fo e’h@t dye

concentration of 102M, while it reduces to ~5 0'3% nc%gfion. The
lasing threshold occurs at ~60mlJ at the d (?K:aﬁi)n ofs10*M K.e 5.6 shows
the lasing threshold of random lasersw almond mulk, freéﬁilk, oat milk and
soy milk which are obtained from V% dye co\mgio

o S

Table 5.6: Lasing Threshol o&andom sers aged@%,)ifferent Types of Milk
with 10US entrat-i&ls.
>

Dye Concentra%: 102M ’ 1 sJ10°M | 10“M

¢ Kasing Threshold

Fresh I ~60mJ \:J ~58mJ ~50mJ
fat conte Ah@g 22

OatdMilk™y Som | ~60m] ~80mlJ
(fat 00%25@ ¢ %" T

ond ilk! ~50mJ ~50mJ No lasing

t~6.2 ) \'\;@9 threshold

Mil B/ 2 “=50mJ ~60mJ No lasing

zfa ntent~3.6 - 2 threshold
4
\

\?andom laser based on almond milk has lasing threshold at ~50mJ for the

& est dye concentration, 102M. The lasing threshold reduces to ~48mJ when the dye

concentration is reduced to 10°M. When the dye concentration is further reduced to 10°

concentration and ~80mJ for 10*M of dye concentratio

“M, no lasing threshold is observed. Meanwhile, random laser based on fresh milk in
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10 M of dye concentration has the lasing threshold of ~60mJ, and it further reduces to
~58mJ and ~50mJ for 10°M and 10*M of dye concentration. Random laser b?Uh
oat milk shows the lasing threshold at ~60mJ, ~50mJ and ~80mJ for 10'21\% and
10*M of dye concentration respectively. Furthermore, random laser b soy milk
shows the lasing threshold at ~50mJ for the highest dye concentration'@0~M), while it
increases to ~60mJ at 10°M of dye concentration. We did Nerve any lasing
threshold in random lasers based on soy milk in 10*M of d xrefion (Table 5.6).

From the modeling results, we found that milk fa ani aWnt sources

can be compared based on lasing threshold. Rando

®

ers need 'ta#i(&sp rces

ipl% terir&'cattering
T

rand@lasers can be
ea@c{% path are varied.

(pump energy), optical gain (gain medium) a:

mean free path) to work. The characteristies og ropeities

affected when the pump energy, gain %nd scatter

Scattering mean free path can be e%ed usin%&a?o (ﬁ{b’where it depends on

N
scatterer density and scatteriv\% sectgn. Inpthis r(i’océa?ch, we varied scatterer

density based on mass of fat of cach I andythe s ring cross section of the fat
particles were estimat ing to Abeg et aishbega() et al., 2016). We suppose
4 ’ &
M he li

tly, @t’scattering can affect the properties of

e

e fig@t fat content (7.6g) whereas soy milk has the

N
all %ples. Thus, random laser based on fresh milk

random lasers. Fresh milk has
least fatfCo. t& (3.(@)#
shoyﬁkowest lasing thresh@{ 10*M of dye concentration because the fat particles

c \vide adequate light scattering to complement the less concentration of dyes

Q le 5.6).
The modeling results also show that the concentration of dye affects the

properties of random lasers. The highest concentration of dye (102M) gives more light
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amplification, results in lower lasing threshold. Meanwhile, random laser based on soy

milk shows no lasing threshold in the lowest dye concentration because suffici

concentration is needed to compensate less amount of fat particles ins@ gain
medium (Table 5.6). A

5.4 Conclusion
In conclusion, this chapter discusses the light pro i; in 'rarious types of

milk based on theoretical, experimental and statistical, analyfsis. tudy was
conducted on several types of milk such as almond fresh milk, oat 1#11 Kspd SOy
milk through spectrometry experiments and t ichl simulati he s,&'trometry

experiments were performed using VIS-AJI:I .

met observe the
absorbance and fluorescence spectra ift'the milk samples

in @ﬁe and near infra-
red wavelength. The study clearly s%that the \Aﬂ{% A/ ig@nsist higher milk fat

N
content such as fresh milk and s%pro uce higher enzscian peak. Besides that, the
concentration of milk also %e pI a of @as the less concentrated milk
such as breast milk an% ilk give less l:‘s()rb&e and fluorescence spectra. The
4

experimental result walida‘e Mg PCA.andlysis and referred to model random

lasers based on milk. The parti nsity(éé concentration and pump intensities had

¢
been varied_in"thelsimulatio d ﬁ'lec-e}s Its obtained clearly shows that the particle
ck

N\
entrati Pye m&e main factors affecting the light propagation in

density % a

a rr& The modeling ca@‘zf;rther upgraded to be used in real random laser
eéxnt. Here, the proposed study uses non-intrusive and non-invasive methods, and
he'results can be used as a reference to study the main ingredient of milk such as fat,

Q)tein, and carbohydrates.
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