CHAPTER 4 %\Y-

INVESTIGATING QUALITY OF MILK USING SPECTRON@( AND

SCATTERING THEORY Y'

This chapter analyses the study of milk quality using spectryq experiments and
scattering theory. The whole study was carried @Aﬂ 'theor tical and
experimental approaches. The theoretical part involved a comput ionkodng\ ie
efficiency and its angular scattering using MAT oftware. On t OtJCPQId, the

J Y
experimental approach was conducted using OWptic isib ear-@/ared (VIS-

NIR) and Near-Infrared (NIR) spectron@mal ;a th, ectlzl‘ﬁf reflectance,
sted.\ O
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This chapter is used to achieve th&ssccond) obje tiqe; t(&ﬁlyse milk quality after
fermentation using spectromem ni u%j \SQ
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4.1 Introduction

Milk is a dairy product that contains dissolved proteins, carbohydrat ,Wd
many minerals. However, milk can turn bad after being kept at room te re for
several days. The endurance of milk could depend on its fat and protein composition.
In this chapter, the comparison for the quality of milk after being, kept at room
temperature for several days had been investigated using metry technique.
Modeling based on scattering theory is also provided to co the I'ght propagation

in milk, water, and air. A VIS-NIR spectrometer was“ased fo ob JhWbt
absorption, transmission, and reflectance wherea%mg appro w!ls 1ed to
study the scattering, absorption, and extlnctlo i k sa‘rﬂ}m consist
of full cream milk kept at room temperatl%&da Vs, 1 , 14 d@ and 17 days.

The results show that milk without ferm tion has higher light @)rbance and lower

transmission compared to milk wi entat1 to c q@es in milk composition
@
after the fermentation process scatters_mor 1g‘f1t cp&ared to water and air due

to its fat globule and proté edle, utpu thls study can be used as a
l
reference for studies in% bacte or r isms in milk. It also can be used
to compare the qu lelk imt w1th ir exposure.
&
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h comp @ M1 iciencies, there are two input parameters which

4.2 Theor l

are Aplex refractive 1nde§;3n and the parameter size, x as shown in Equation

D

d (4.22) (Bakar et al., 2016).

0 m=m+ im”

(4.1)
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X = ka = —aQa (42)
where:

m’ = Real refractive index A :

im” = Imaginary refractive index

k = Wave number in ambient medium Y'
a = Sphere radius. .\d
‘X
tered

the ampli es‘of_{c}

ta% i€ efficiency using
orde\r an work@:zi-n the wider

The key parameters of Mie theory are to co
field. The coefficients of a,and b, are requi

Spherical Bessel function n (n= 1, 2,..) ft

range of size parameters, as shown in %a (4.3) to (4 (M:’a’@% 2002).
=\

S K

(4.3)

(4.4)

O\
o i)l DT i (0) [, (ma)] (4.5)

Q& et 5P )
<Q /s <>
(&

fficiency of extir&"gg: Qext and scattering, Qg., can be identified in

fi -scattering theorem and in the integration of the power scattered in all

tions. The absorption efficiency, Q45 can be identified with the equation of energy
n

servation (van der Molen, 2007) whereas the backscattering efficiency, Qj is

applicable to monostatic radar (Métzler, 2002).
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2 (o]
Qext = FZ(Zn + 1)Re(an2 + bnz)
n=1

7 % 4.7)
Quea = 25 ) 2+ D)(Janl? + byl?) .\

n=1

Qext = Qsca + Qubs NV

i(Zn + 1D (=1)"(a, — QS. "\d (4.9)
where é vj ’ _\:-)\Y'
? \,‘2‘

Xx=parameter size Nz \ SY.
n= Spherical Bessel function order n (\ ;2:’) 6

Y. N
‘ QpT' Qext‘4 SCQ?OFQb% (4'10)

1
Qb=x_2

of an elect%etic wave fi
’

for thefsca r far field(van

4.11)
§ S1(cos0) = z % (anmy + byTy)



o 2n+ 1 (4.12)
S,(cosB) = Z ——(a,t, + b,my,)

nn+1)
n=1

Wh _2n-1 n \13)

ere m,= Ecos@ M1 = T2 : .

7, =ncosf.m, — (n+ 1) m,_, T (4.14)
4.3 Research Methodology 2 '
The study was done using experimental and th: ical m h&d{#nalysis of

| 2

light absorption and scattering in milk were done baseéd,on Mie scatte g,the@gtf he
-
eri

efficighcies dre an@sed In a
\( Y
i ATL Y’I’he analysis

5

scattering, absorption, extinction, and backscatt

homogeneous dielectric sphere and its angular scacrin

was also repeated for water and air. \%

4.3.1 Theoretical Approach % @ q <§?

The theoretical part mse] 1ne$ characteristics of light in

disordered medium wi te Ca ﬁel L@% MATLAB software. The light

propagation efﬁcien\with the justi on g@é coefficient matrix was computed.

Additionally, ﬂ@r ionsfvere a@vcomputed to produce the Mie angular
e ot 5ot e e

efficiency. Fl%. shows thdflow cej of the theoretical approach based on theory

&
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432 Experimen@oa@ 5

The Ogean Optic Flame e eter and VIS-NIR spectrometer were used
|

to observ aracteristi

:
repeati%mes to eEure’the\EsEuracy of the output. Five samples of milk with
en

di

6%0

1 ropagation in milk. Every experiment was

ays of exposure We%,lsed where the sample turn to yogurt after 14 days of

sure. Figure 4.2 shows the flow chart of the experimental method.



G
¥

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

Preparing samples for the fermentation process

v
Preparing new and fermented samples to be used fo
spectrometry experiments
l ) .\d
. . . - ®
Conducting experiments using Visible-Neanflnfra-Red (VIS- \Y'
NIR) and Near Infra-Red (NIR) sp rs. ’ _{')

]
T N ’ J
Recording all data gained thrqugh t‘ expg{ms\\t“ ?Y.
|
3
Doing analysis and discussion through the 'data obtaine thiege;}eriments
oy
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4.3.2.1 Experimental Set-Up

Two spectrometers with different wavelength ranges were used to obs?ﬂé
light propagation in milk: Ocean Optic Flame Near-Infrared (NIR) spec@’ and
VIS-NIR spectrometer. The spectrometers are small and do not hav etachable

parts which contribute to easy handling, portable and compacR ih VIS-NIR

spectrometer can capture the wavelength of light from 350n nrn whereas the
NIR spectrometer can capture the wavelength from 950nm 5 m. he experlments
were repeated 10 to 15 times for each sample in orde 111ty and
reliability of the results. Table 4.1 shows the a @s needed Jpe&ﬁ-}netry
experiments.

N

ﬁé?"
periments.

Table 4.1: The Apparatus Us

NO Apparatus ion(" )
1. Tungsten Halogen Halogen i ngeTe'ngth range from
Light Source 360 til 240 A

HL-2000-HP-FHSA
2. Fiber Optic Cables
QP450-2-XSR

3. Cuvette
(Quartz and P%

aBles,Were used to connect the
ce tA e cuvette holder and the

trometer.
an 7 cuvette were used to place
the light absorbance and

sp%@tively.

Cuv IT ples placed inside the cuvette holder by
lem Cu% i cuveﬁe, diameter~1 cm)
and Cu ver \ i (\
Flam sﬁeqrometers which were used in the
& Elame-NIR perlrﬁ_ylts VIS-NIR spectrometer (wavelength
eter Onm-1000nm) and NIR spectrometer (from
’ 7;-/‘; 95 -1650nm)
6. cédn View 2.0 r used for analysing absorbance and
\ ftware fTuorescence of light intensity spectrum.

e Figure 4.3 shows the VIS-NIR and NIR spectrometers used in the spectrometry
periments whereas figure 4.4 shows the apparatus used in the spectrometry

experiments.
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Figure 4.4: The Apparatus Used for Spectrometry Experiments.
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Meanwhile, the whole experimental set-up for investigating the absorbance and

transmission spectrum is shown in figure 4.5. Y’

Figure 4.5: The Experimental S

On the other hand, the re ﬂ% 1ec
% setu

ect@r was used to observe the
reflectance intensity spectru?l’e savfples e sao. was placed on the stage RTL-

met@xperiments.

A

ru 1s different from the

absorbance and transmission

T. The reflectance spectrum of the sapt bg&rved by placing the fiber probe. The
probe transmits t 11g lheh\gen li nd then the probe was placed on the
stage RTL-T. h ectanc 'E}L'l’n ag_be observed using NIR spectrometer when
the light p s inside t dlué)r' igure 4.6 shows the experimental set-up for

the re spect{o ryi‘ T

&
N

S
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in figure 4.7.

-

//@/CeanView

Set up a Spectroscopy Application with our Spectroscopy Wizards

Absorbano_:e Transmission Reflectance
(Concentration)
ﬂ»""« Raman —IE Fluorescence @ Absolute Irradiance
Q L

‘ sy . . J., Photometry, Photons,
L@J Relative Irradiance W'Y Power and Energy Color

Help

Figure 4.7: Application Wizard In Ocean View Software.
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4.3.2.3 Sample Preparations

The milk samples were kept in room temperature for 8 days, 11 days, W,
and 17 days. The samples were diluted with a ratio of 1:100 for mil ater,
respectively. The prepared samples were placed in a cuvette of 10 d shaken
lightly. Each samples were placed into 10 mm plastic cuvette. The cuyette was placed
into the cuvette holder and was illuminated by a halogen lamp_as théight source. The
light from the cuvette was collected by VIS-NIR spectrom pgl:v\r in Figure 4.5).

The spectrum graph was displayed on the computer usin ean ieWre. Figure
®

_ . 9
s whilg figuze 4/9 @s the
d% il cloud§ but milk

B o
lagge milk pafticles erved.
S

4.8 shows the diluted milk samples used in the exper

cuvette in a cuvette holder. Milk samples for

samples after 14 days become transparent
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4.4 Results and Discussion

Previous works (Katsumata et al., 2020b) (Montemurro et al., 201%W
analysed fat and protein concentrations of milk through backscatte and
spectrometry. (Ransmark et al., 2019) studied the homogenization efﬁcﬁ&o control
the development of cream layer on fresh milk and Aljaafreh et al. (Weh, 2015a)
used NIR spectrometry to study yogurt fermentation auto Meanwhile, we
studied the quality of milk which were kept in the room r?tu're'using VIS and
NIR spectrometers. We did a simple modeling to com the igw%ation in
to comp thf eiﬁ;‘gr:cy
of scattering, absorption, extinction, backs i % pa ter and
radiation pressure whereas the experime Xﬁ SYOW e o Y1.n terms of
absorbance, transmission and reﬂe@he outputyffom @theoretical and

experimental studies were analysed%lscusse ?g ,(Q is section.
o S

‘&
4.4.1 Modeling based on ter,- heory $
The measurem% tterin ;J}l%n absorption efficiency based on

Mie theory were d sing MIA Soft / The important input parameters are

milk, water and air. The modeling analysis uses Mie

complex refract ete e, x (Renetal., 2017). The modeling was
done for m %r and a u{ese‘}'g and 4.11 summarize the modeling results,
where %4 3)'t%44) wer ed to plot graph in Figure 4.10. Figure 4.11 is
@ed on Equation (4. &@64 9). The extinction, forward scattering, absorption
scattermg efficiencies are represented by Qext, Qsca, Qabs and Qp respectively.
Flgure 4.10 shows clearly that milk has better scattering efficiency compared
o water and air. At parameter size 2, the scattering efficiency in milk (Figure 4.10(a))

reaches 0.6, while the scattering efficiency in water (Figure 4.10 (b)) and scattering
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efficiency in air (Figure 4.10(c)) are 0.7 and 5x107 respectively. It proves that the least

light scattering occurs in the air. Meanwhile, milk and water consist of pamcle

can scatter the light. We presume that the light scattering and absorption cted

by the size and concentration of the particles, the incident light waveleng&d sample

size (Dahm, 2013). Milk depicts the highest efficiency of light absorp compared to

water and air due to composition of fat globules and protein. .10 also shows
¥

that the forward scattering is more efficient compared t ] tterlng for all

é

samples due to larger particles size of the samples. Figute,4.11 §ho attering

angle of milk, water and air respectively. ; ' _{')
b

(a)

1.6

Efficiency

0.8

Parameter Size

G,
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(b)
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Figure 4.10 : The Efficiencies Based On Mie Theory For (a) Milk, (b) Water And (c)
Air.
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Figure 4.11: Angular Sca@ of (&g} aﬁ%nd (c) Air.
o S

ilk h lgri lue of angular scattering
compared to water and air. lear* sh that has higher scattering effect
compared to water anc%e attrib;teutllj;g:% 1lk contents which mostly consist
of fat and protein &Naﬁon‘;. d protéﬂl milk can act as the scatterers which
scatter the ligl%Niti expo

o’he&%ﬁzource (Andrews, 2019).
L,
KNS
S

From Figure 4.11, we e that

&
Y'
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4.4.2 Experimental Results

The spectra of reflectance, transmission and absorbance of the samlwﬂe
observed from the spectrometer. The samples involve fresh full cream mi%\h are
kept in room temperature for 8 days, 11 days, 14 days and 17 days. periment
studied using NIR Spectrometer and VIS-NIR Spectrometer with W&Wh ranges of
950 nm to 1650 nm and 350 nm to 1000 nm, respectively. Figuré¥4.12 depicts the
absorbance, transmission and reflectance spectra of variou 'ljtlp es.

Figure 4.12 (a) shows the absorbance spectrum ilk s mM different
®

i
sorbance ctla _@eshly

t has’b ept .'@JY;he room

rbanTe of'milk r@gs. the peak at
700 nm due to high attenuation coefﬁwach quick orb@glight around 700

nm. When milk samples are kept in %)m temp gt §a:n§>les undergo physical
}gy N

changes where the particles in %re ate andsereate y structures. The lumpy
structures affect the light ab@ (HI , Sramek, ‘eé ., 2012). The lumpy structures
'8 W%

are clearly observed in% which we }év@t it is due to particle aggregation.

Hence, the quality % froml to ﬁxnted milk is gradually decreasing as
the protein con &n de e to (f_}&( coagulation (Thomsen et al., 1990b).

numbers of days exposure. It is clearly shown that

opened full cream milk is higher than the

temperature for 17 days at room temperatufe, A
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(c)
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Figure 4.12: (a) Absorbance, (b) Tt ission A ) R@ance Of Milk Samples

K Days'Of Fe entg@

Figure 4.12 (b‘sho the tra'smls 011 a of newly opened milk and
s. The n

fermented milk sarri& | o ed ﬁ@?eam milk sample has lower light

transmission rat 1 than t ed m@sample. The transmission of light in
! .
fermented ml T 17 ays ishiglier cgﬂ)ared to the rest of samples as the particles

in milk Q} ¢ durj #0 gu@ (Hahn, Sramek, et al., 2012)(Thomsen et al.,
he pr:

1990b) otein thickens d&;" fermentation process which produces the lactic

et al., 2013b). The fermented milk experiences decay and the pH level

QEeases as the lactic acid bacteria grows to produce the acid (Fernandes, 2009).
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Figure 4.12 (c) indicates the reflectance spectra of milk. The reflectance of
newly opened milk bottle is higher than the fermented milk. The low reflectance
for fermented milk are recorded due to high water absorption (Aernouts a@l 1).
Hence, it is possiblethat the presence of fat globules and protein in milk
affecting the reflectance of source light. The reflectance intensity deéfeases over the
fermentation process due to the amount changes of protein a&fybules (Rity &

Peiponen, 1999). '

Figure 4.13 shows the spectra comparison of milkysamplés wr. Figure
®

9
the

4.13 (a) shows that water absorbs most of the souree*light at 600 fzh@

absorption peak of milk is 700 nm. Milk and ictsi\lfil smi s‘% peaks,
~ 650 nm (Figure 4.13 (b)). Water sample shews highe ission@gt.rum asitis
hi@‘greﬂectance than

water due to fat and protein comp%n in e@ shape of particles,
N

composition and concentratioé <§ affect the absorption,

\@/ iscarra Rossel et al., 2006).

transmission, and reﬂectan%sari‘
It is because the newl milk sample or{si@f various particle compositions
4 &
whereas the ferme wlk sa1]1 \h&ve exgmced the physical state changes.
K &
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(c)
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Figure 4.13: (a) Absorbance, l%‘smlssm c) %tance Of Newly
Opened Milk Sample A ilk S ple A%Er 17 Days.
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4.5 Conclusion

In conclusion, this research investigates the quality of milk for newly
sample and samples which are kept in room temperature for several da%\l on
spectrometry technique and scattering theory. The optical properties samples
are investigated using VIS and NIR spectrometers in order to study thty of milk.
Newly opened milk sample has higher light absorbance and lower t transmission
compared to the fermented milk. It is due to the aggregatio lx;l Ilrotein particles

in milk during fermentation process. Besides that, mode ase oran theory
®

is done to compare light propagation in milk, water a ir. The mo

milk scatters more light compared to water andw to tht;p e o@lobule,

o
2]
=

protein and minerals. The outcome of theé%stu

reduced when it is kept in the room t\%re for sev

naked eye observation and the sp%netry te\@m.
research is useful to support %i@s amtﬁ dairy product.

N
c,;(' \:’ bj%:}

dayé‘is proved by the

's%the outcome of the
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