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Both rice bran and parboiled rice bran can be used for rice bran oil production. Parboiled rice is more
desirable than rice bran due to its higher oil content and lower acid value compared to rice bran, hence higher
price. The difference in price of raw materials may motivate suppliers to mix raw rice bran in parboiled rice bran.
As a result, rice bran oil manufacturers frequently come across parboiled rice bran samples that have higher acid
value and lower oil content. Currently, Near Infrared Spectroscopy (NIR) is widely used in rice bran oil production
plant as a rapid and non-destructive method to analyze food components. At present, there are separate NIR
databases for rice bran and parboiled rice bran. None of these two database can be used to accurately read or
analyze the properties of mixed rice bran. Therefore, this research aimed to develop the NIR database of mixed
rice bran. The research recruited 10 lots of rice bran and parboiled rice bran from the mills in Chai Nat, Phichit,
Nakhon Sawan, Phitsanulok, Kamphaengphet and Nakhon Pathom. The mixed rice brans were prepared by mixing
rice bran and parboiled rice bran in the 0: 10 to 10: 0 ratio. The properties of mixed rice bran were determined by
using NIR spectroscopy, analyses of chemical composition and physical properties, e.g. the content of moisture,
protein, fat, crude fiber, phytic acid, acid value, bulk density (tapped), bulk density (untapped), and color
(whiteness index). The result showed that parboiled rice has higher protein and crude fiber content than rice bran,
whereas rice bran had higher moisture content, acid value, phytic acid, whiteness index, and bulk density (p
<0.05). Measurement of NIRS properties of the samples was carried out in the range of 12,500 cm™ - 3,600 cm™ in
diffuse reflection mode. The relationship between NIR spectrum and chemical - physical properties of the samples
were done by using Partial least square (PLS) regression, with the sample data for calibration, internal validation,
and external validation of 165, 55, and 60, respectively. The results showed that raw NIR spectral data could be
used to correlate with fat content and bulk density (tapped) with the coefficient of determination (R?) of 0.98 and
0.91, respectively, and root mean square error (RMSE) of 0.36 and 0.01, respectively. Moisture content, fiber, and
whiteness index were correlated well with the pretreated spectra using normalization method with an R? of 0.91,
0.91, and 0.91, and RMSE of 0.13, 0.36, and 0.48, respectively. Acid value and bulk density (untapped) were
correlated with the pretreated spectra using baseline method with an R? of 0.94 and 0.92, and RMSE of 1.53 and
0.01, respectively. Protein and phytic acid were correlated with the pretreated spectra using smoothing moving
average and smoothing median filter method, respectively, with an R? of 0.92 and 0.96, and RMSE of 0.20 and
0.15, respectively. Internal validation showed that moisture content, protein, fat, fiber, phytic acid, acid value, bulk
density (tapped), bulk density (untapped), and whiteness index could be predicted using NIRS readings with an R?
of 0.87 to 0.97, where the R? for bulk density (tapped) prediction was the lowest (0.87) and the R? for fat
prediction was the highest (0.97). Further confirmation using external validation samples showed that NIRS could
be used to predict the properties of mixed rice bran in the descending order for R?; fat content (0.97), phytic acid
(0.89), bulk density tapped (0.87), fiber content (0.86), whiteness index (0.80), protein content (0.78), and bulk
density untapped (0.75).
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CHAPTER |
INTRODUCTION

Both rice bran and parboiled rice bran can be used for rice bran oil
production. Parboiled rice bran is more desirable than rice bran due to its
higher oil content and lower acid value compared to rice bran, hence
higher price. The difference in price of raw materials may motivate
suppliers to mix raw rice bran in parboiled rice bran. As a result, rice bran
oil manufacturers frequently come across parboiled rice bran samples that
have higher acid value and lower oil content. Currently, Near Infrared
Spectroscopy (NIRS) is widely used in rice bran oil production plant as a
rapid and non-destructive method to analyze bran components. The
method can be used to investigate several parameters; both
quantitative and qualitative, within one scan. Application of NIRS in
the agro-industry includes determination of various properties, such as
total soluble solids and dry matter in mango fruit, soluble solids,
titratable acidity, and lycopene content of tomatoes, dissolve solid
and bulk density of pear, total amino acids in oilseeds, firmness and
sugar content of apples, fat, nitrogen and moisture of cocoa powder,
for examples. In rice grain, NIRS has been widely used to determine
rice quality, for instance quality of flour, starch and whole grains. In fat
or oil, NIRS has been used to determine oil content in plant such as
sunflower seeds, palm, Chinese faba bean, cocoa bean, Jatropha curcas
seed, peanut seed and rice bran. Form the literature reviewed,
determination of mixed rice bran and parboiled rice bran using NIR
spectroscopy is still scarce. At present, there are separate NIR databases
for rice bran and parboiled rice bran. None of these two databases can be
used to accurately read or analyze the properties of mixed rice bran.
Therefore, this research aimed to develop the NIRS database for the
assessment of chemical and physical properties of mixed rice bran and to
determine the proportion of mixed rice bran in parboiled rice bran, as
well as its properties.



CHAPTER Il
LITERATURE REVIEW

2.1 Rice bran

Rice bran used in the oil manufacturing process can be divided into
raw rice bran and parboiled rice bran.

2.1.1 Raw rice bran

Raw rice bran, also called rice bran, is derived from the
milling of raw rice paddy. It is a membrane, pericarp or arillus, necellus,
aleurone layer, and germ layer (Houston, 1972). The chemical
composition of rice bran depends on the part of rice bran, which is
divided into 2 types; the bran derived from polishing brown rice of grain
and the polish derived from whitening and polishing processes. The
chemical composition of both types of bran is slightly different. Bran
contains higher content of protein, fat, fibers, ash, minerals, and some
vitamins than polish. Therefore, it is commonly used in crude oil
extraction and protein extraction process (Luh, 1991).

2.1.2 Parboiled rice bran

Parboiled rice bran is derived from the milling of
hydrothermally treated paddy. In the parboiling process, paddy is soaked
in water until the seeds are saturated, then steamed until the grains are
partially cooked. The parboiled rice is then dried and milled. The
byproduct of this process is parboiled rice bran that has stable and strong
structure because lipase and oxidase enzymes are destroyed (Luh, 1991).
Parboiled rice bran usually yields more oil than rice bran in the oil
extraction process. The oil content of parboiled rice bran is approximately
24% whereas that of rice bran is approximately 15% (Mali, 2001).
Bhattacharya (2004) reported that the oil in rice grain diffuses from inside
to the outer layer during steaming causing higher oil content in the
parboiled rice bran. Parboiled rice bran also has darker color and higher
protein content than rice bran. Phytic acid and phytate are generally found
in the cotyledons of oil-producing plants (Shahidi, 1997). They can be
degraded by soaking and heating. During soaking, phytase is activated
and causes the hydrolysis of phytic acid (Lestienne et al., 2005). Vidal-
Valverde et al. (1994) reported that combined soaking and heating is
more effective than soaking alone in reducing the level of phytic acid.



2.2 Near infrared spectroscopy
2.2.1 Infrared radiation

Electromagnetic radiation in the Infrared region can be sub-
divided into 3 ranges; near infrared (Near IR or NIR), mid infrared (Mid
IR or MIR), and far infrared (Far IR) as shown in Table 2.1.

Table 2.1 Range of infrared radiation (Osborne et al., 1993)

Range Wavelength | Wave number | Interaction
(nm) (cm™)
Near infrared 600-2,500 14,000-4,000 Overtone,
(Near IR, NIR) Combination
Mid infrared | 2,500-50,000 4,000-200 Basic vibration
(Mid IR, MIR)
Far infrared 50,000- 200-10 Rotation
(Far IR) 1,000,000

Infrared light distribution can be divided into two types,
according to the energy level; short and long wavelength as shown in
Table 2.2.

Table 2.2 Classification of the near infrared spectroscopy range by type
of energy level (Barton I, 2002)

Wavelength Range Energy
(nm) (kJ/mol)
800-1,100 Short wavelength NIR, SWNIR, ~150-109
Herschel region
1,100-2,500 | Long wavelength NIR, LWNIR ~109-48

Short wavelength NIR (800-1,100 nm) has higher energy and
can penetrate into the mass well. In general, it can penetrate up to 1-2 cm.
Therefore, it is often used in the short-wave analysis of specimens, for
example shell fruit, especially fruits with thick shell (Barton 11, 2002).

Long wavelengths NIR (1,100-2,500 nm) that has lower
energy can penetrate up to 0.5-1 cm. Thus, it is suitable for common
samples in both liquid and solid forms. Analyses using long wavelength
NIR provide more chemical information than the short wavelength NIR
because the first overtones and combination appear in this range of
examination.



Table 2.3 shows classification of NIR according to band
types. NIR having the wavelength between 800-1,200 nm will interact
with the sample and cause second and third overtone and combination
vibration, while that having the wavelength between 1,200-1,800 nm will
interact with the sample and cause first overtones and combination
vibration. NIR having the wavelength between 1,800-2,500 nm will
interact with the sample and cause combination and second overtone
vibration.

Table 2.3 Classification of the near infrared spectroscopy range by type
of band (Chalmers, 2000)
Wavelength (nm) Band

800-1,200 second overtone and third overtone,
combination of XH (X=0, N, C)
1,200-1,800 first overtones, combination of XH
1,800-2,500 combination, second overtone of C=0

2.2.2. Principle of Near infrared spectrophotometer

Near infrared spectrophotometer consists of light source,
monochromator, detector, and read out. During the operation, the light
from light source is distributed and controlled by the monochromator to
the wavelength required and passed to the sample. Then, the detector
detects the amount of radiation that the sample transmits, reflects,
interacts, or transflects. The signal is converted into a read out with the
installed program in the form that the user can use (Figure 2.1). Finally,
the NIR spectra are matched with the chemical analysis result of the same
sample.
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Figure 2.1 Components of the NIR spectrophotometer (Osborne et al.,
1993)

2.2.3. The steps to analyze NIRS

The analysis of NIRS data consists of two steps; first
development of the calibration equation and second validation of the
generated equations, as shown in Figure 2.2.

NIR Analysis - Spectrum pretreatment

, = Spectrum (Mathematic method)
e \ Chemical - l
Analysis Calibration equation
Validation test

Figure 2.2 The steps to analyze NIRS

2.2.3.1 Development of the calibration equation

There are many steps to develop calibration equation.
First, chemical analyses and NIRS analysis is carried out using the same
set of samples. All analyses are performed at proximate time. Next, the
spectra are pretreated so as to reduce the error of predicted value from the
equation. Pretreatment methods can be one of the following: No
treatment, Moving Average Smoothing, Gaussian Filter Smoothing,



Median Filter Smoothing, Savitzky—Golay Smoothing, Normalization,
Gap Derivative, Gap Segment Derivative, S Golay 1% Derivative, S
Golay 2" Derivative, Baseline, and SNV. After that, the calibration
equation is developed from NIR spectra (x axis) and dependent variables
from standard values (y axis) together with appropriate regression in
order to get the proper equation to predict qualitative unknown features.

2.2.3.2 Validation of the generated equations

To get precisely predicted quality value, it is
necessary to validate the calibration equations in order to get an accurate
equation. The accuracy of the equation depends on sufficient good
sample quantity covering desired acceptable range of values, particularly
the chemical composition of the sample. Therefore, sampling is a critical
step in obtaining a good calibration equation to predict more accurate
resulting from decrement of the error experimental value (Hruschka,
2001). Moreover, chemical analysis should also be considered as the
standard method to get the right information because it has an effect on
the accuracy of the created equation (Kawano, 1995).

2.2.4 Absorption process of Near infrared spectroscopy

NIR radiation in the electromagnetic wavelength ranges from
780 to 2,500 nm. When NIR is passed through sample, the samples’
molecules will absorb the radiation. After that, bonds in the molecules
will be vibrated at high frequencies. Each functional group of the
molecules vibrates at different wavelength, resulting in excited vibration
level from ground state. The excited molecules, then, return to ground
vibration level due to released energy in the form of heat absorbance
based on the Beer-Lambert rule. The intensity of released light energy
from the sample molecules is proportional to the amount of chemical
composition in the sample (Osborne et al., 1993).

2.2.4.1 Vibration of bonding

Vibration of the functional groups in molecules can
be divided into 2 types; stretching and bending. Stretching of the bond is
a vibration that leads to change in the length between the bounded atoms.
It can be classified into two sub-types; symmetric and asymmetric.
Bending or deformation is a vibration that causes a change in the bonding
angle. There are four sub-types of bending; scissoring, rocking, wagging,



and twisting. All of these may occur in the same plane (in-plane) or in
different planes (out-of-plane) as shown in Figure 2.3.
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Q oRe

scissoring rocking
Figure 2.3 Changes in molecular bonds in various forms

The vibration of the bonding absorbs specific energy.
Because there are many bonds in one molecule and each bonding pattern
has many forms of vibration. As a result, the molecules will absorb NIR
light at multiple wavelengths simultaneously that show in band or peak.
Absorbance of NIR can be measured in two forms; transmittance and
reflectance. Light intensity at each wavelength is shown at the horizontal
axis and the vertical axis is the absorbance. The graph of the absorbance
of the sample is called the NIR spectrum. Each molecule can absorb light
at different wavelengths. Therefore, the spectrum is different. Organic
compounds have X-H functional groups that can interact with NIR
radiation and cause the molecules to vibrate from the ground vibration
stage to excited stage. Consequently, overtone band and combination
band are observed in the NIR spectra of organic compounds.

2.2.4.2 The absorbance process of NIRS

The absorbance process of NIRS involves the
interaction between NIR and molecule which composes of hydrogen
bonds (X-H), where X atom can be C, O, N, or S. In this interaction,
molecules absorb NIR radiation and cause vibration of bond. The level of
infrared absorption at different wavelengths will appear in the spectrum
and can be further processed for quantitative and qualitative analyses.

Absorbance peak or band that appears in the NIR
spectra is caused by absorption of energy. It results in the transition of



molecular energy from the ground vibration level to the excited vibration
level.

The transition from v =0 to v = 2 is called first overtone band.

The transition from v = 0 to v = 3 is called the second overtone
band.

The transition from v =0 to v =4 is called the third overtone band.

The overtone bands have low intensity or low absorption compared
to the peak. The first overtone band has higher intensity than the second
overtone band and the third overtone band, respectively. The higher
overtone bands cannot be observed because it has very low intensity
(Karlberg, 2006). Figure 2.4 shows first overtone, second overtone, and
third overtone in NIR spectrum. Table 2.4 shows positions of peak in the
NIR spectrum relative to various functional groups in the sample. Table
2.5 shows the peak position of important components in the sample and
Table 2.6 shows position of peak in the NIR spectrum that correlates with
the components in the product.
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Figure 2.4 Overtones in NIR spectrum (Karlberg, 2006)



Table 2.4 Positions of peak in the NIR spectrum relative to the various
functional groups in the sample (Osborne et al., 1993)

Functional group Band type Wavelength range
(nm)

H20 (water) Combination bands 1900-1950, 2250

H20 (water) 1st Overtone 1400-1450

H20 (water) 2nd and 3rd overtone 950-1000
R-NH2 (amino groups) Combination bands 2150-2200
R-NH2 (amino groups) 1st Overtone 1450-1550
CHO (aldehyde group) 2nd and 3rd overtone 760-840, 970-1000
~COOH (carboxyl group) Combination bands 2190-2220
—~OH (hydroxyl groups) Combination bands 1880-1910
—~OH (hydroxyl groups) Combination bands 2060-2090
—~OH (hydroxyl groups) 1st Overtone 1410-1480
RCOOR’ (ester groups) 2nd and 3rd overtone 920-945

Table 2.5 The peak position of important components in the sample
(Shenk et al., 2001)

Composition Wavelength (nm)
Water (Moisture content) 1,940
Carbohydrate 2,100
Protein 2,180
Fat 2,310
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Table 2.6 Position of peak in the NIR spectrum correlates with the
components in the product

Wavelength (nm) Bond vibration Structure
1143 C-H str. 2" overtone aromatic
1395 2XC-H str. + C-H def. combination CH,
1410 O-H str. + 1¥ overtone ROH, oil
1440 O-H str. 1* overtone sucrose, starch

C-H combination CH,
1450 O-H str. 1* overtone starch, H,O
1510 N-H str. 1% overtone protein
1520 O-H str. 1% overtone CONH,
N-H str. 1 overtone (intramol. H-bond) ROH
1528 O-H str. 1% overtone (intramol. H-bond) starch
1540 O-H str. 1% overtone (intramol. H-bond) starch
1580 O-H str. 1% overtone (intramol. H-bond) starch, glucose
1725 C-H str. 1% overtone CH,
1765 C-H str. 1% overtone CH,
1900 O-H str. + 2xC-O str. combination starch
1930 O-H str. + H-O-H def. combination starch, cellulose
1940 O-H bend 2nd overtone H,0
1960 O-H str. + O-H bend combination starch
1980 N-H asym. str. + amide I1* combination protein, CONH,
2000 2x O-H def + C-O def. combination starch
2050 N-H asym. str. + amide I1* combination protein
2055 N-H asym. str. + amide I* combination protein
2060 N-H bend 2" overtone protein
N-H bend + N-H str. combination protein
2070 O-H combination oil
. ROH, sucrose,
2080 O-H str. + O-H def. combination starch
2100 2X0-H str. + 2xC-O str. combination starch
C-0-0 asym. str. 3" overtone starch, cellulose
2132 N-H str. + C=0 str. combination amino acid
2140 C-H sym. def. oil, NC=CH
2180 N-H bend 2" overtone protein
C-H str. + C=0 str. combination protein
C=0 str. + amide I11* combination protein
2252 O-H str. + O-H def. combination starch
2276 O-H str. + C-C str. combination starch
2300 C-H bend 2" overtone protein
2310 C-H str. + C-H def. combination CH,
C-H bend 2" overtone oil
2323 C-H str. + C-H def. combination CH,, starch
2380 C-H str. + C-C str. combination oil
2461 C-H str. + C-C str. combination starch
2470 C-N-C sym. str. 1¥ overtone protein
2488 C-H str. + C-C str. combination starch, cellulose
2500 C-H str. + C-C str. combination starch

str. = stretch, def. = deformation sym, sym. =
asymmetric amide I: C=O stretch. amide II: N-H in-plane bend, C-N

stretch. amide I11: C-N

symmetric, asym. =

Source: Osborne et al. (1993); Shenk et al. (2001); Williamsand Norris

(2001)
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2.2.4.3 Patterns of interaction

There are four patterns of interaction, which are
transmittance, reflectance, transflectance, and interactance.

1. Transmittance

Radiation impacts on one side of the sample and
the detector measures the absorbance from the radiation passing through
the sample on the opposite side, as shown in Figure 2.5 (a).

2. Transflectance

NIR radiates through the sample and impacts on
non-absorbing object, such as ceramic, gold or aluminum sheets. The
object then reflects the radiation back to the detector, as shown in Figure
2.5 (b).

3. Reflectance

Radiation impacts on the surface of the sample and
may spread in a short time. Then, the detector measures the absorbance of
the reflected radiation by, as shown in Figure 2.5 (c).

4. Interactance

This interaction occurs in the case of an optical
fiber probe. The radiation comes from the outer ring of the probe and
impacts on the sample. The reflected radiation is sent to the central
detector of the optical fiber probe, as shown Figure 2.5 (d).

ok

Transmittance¥ Transflectance®
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Figure 2.5 Patterns of NIR interaction (a) transmittance, (b)
transflectance, (c) reflectance, and (d) interactance (Ozaki, 2006)
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2.2.5 Application of NIRS in food detection

The NIR spectroscopy technique can be used to analyze
the sample in both quantitative and qualitative ways in the
agricultural and food products (Cen and He, 2007; Haughey et al.,
2013; Osborne et al., 1993). A number of applications have been
demonstrated; e.g. determination of total soluble solid and dry matter
in mango fruit (Saranwong et al., 2004), sugar content of grapefruit
(Zude-Sasse et al., 2002), soluble solids content, titratable acidity, and
lycopene content of the tomatoes (Saad et al., 2016), total dissolve
solids and bulk density of pear (Liu et al., 2008), total amino acids in
oilseed leaves (Liu et al., 2011), firmness and sugar content of apples
(Lu et al., 2000), fat nitrogen and moisture of cocoa powder (Vesela
et al., 2007), total anthocyanin content of red grape (Janik et al.,
2007), Epigallocatechin gallate, Epigallocatechin, Epicatechin gallate,
Epicatechin of green tea (Chen et al., 2009), reducing sugar and
malvidin-3-glucoside of red wine (Fernandez-Novales et al., 2009),
total phenolic compounds flavonoids content of coffee grounds (Pascoa
et al., 2013), the milk fat fatty acid profile of goats (NUfiez-Sanchez et
al., 2016), and, lastly, dietary fibers extracted from lemon, orange and
grapefruit seeds (Karaman et al., 2017).

In rice grain, flour, starch and whole grains, NIRS had
been widely used for the determination of rice quality such as starch
and amylose content (Bao et al., 2001), milled rice grades (Chen and
Huang, 2010), amylose content in rice (Villareal et al., 1994), moisture
of paddy and brow rice (Kawamura et al., 2003), moisture of wheat flour
(Miralbes, 2004).

In fat or oil, NIRS had been widely used to determine oil
content in plant such as sunflower oil (Picouet et al., 2018), palm oil
(Basri et al., 2017), Chinese faba bean (Wang et al., 2014), cocoa bean
(Teye et al., 2015), Jatropha curcas seed (Vaknin et al., 2011), peanut
seed oil (Bansod et al., 2015) and rice bran (Bagchi et al., 2016).

Delwiche et al. (1995) studied the use of NIR spectroscopy
in reflectance mode in the wavelength range of 1,100-2,498 nm for
determination of the protein content of several rice varieties. They
showed that NIR spectra had good relationship with chemical values
giving an R* of 0.98 and SEP of 0.1%. Delwiche et al. (1996) their
subsequent study on the use of NIR spectroscopy in the wavelength range
of 400-2498 nm for analysis of whole grain milled rice quality from 196
U.S. Rice samples showed that partial least square (PLS) was the most
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suitable technique to determine amylose content in the range of 14 to
25% (R*= 0.89 and SEP = 1.3%) and protein (R* = 0.97 and SEP =
0.13%) in rice grain.

Himmelsbach et al. (2001) studied the use of fourier-
transform NIR Raman spectroscopy in the wave number range 175-3,600
cm™ for analysis of rice samples. They found that good relationship
between NIR spectra vs. amylose in the range of 0.41-24.90% and NIR
vs. protein in the range of 4.89-11.35% could be developed. The
correlation between NIR and amylose content yielded R?, SEP, and bias
of 0.985, 1.05%, and -0.006%, respectively, whereas the correlation
between NIR and protein content yielded R? SEP, and bias of 0.992,
0.138%, and -0.009%, respectively.

Williamsand Sobering (1993) studied the use of NIR in
transmittance and reflectance mode for determination of protein, oil,
moisture content, and other properties in the several seeds. It was found
that the use of both transmittance and reflectance NIRS technique could
detect chemical composition of several seeds. But NIRS in the reflectance
mode gave higher accuracy than the measurement in the transmittance
mode. This study was consistent with Norrisand Hart (1996) The
measurement of NIRS in reflectance mode was popular for moisture
analysis of grain and oil seed. Choosing the right measurement mode and
the range of spectrum leads to appropriate and accurate analysis of certain
data (Kawano, 1995).

Wang et al. (2006) used NIRS technique to determine fat
content in brown rice grain, brown rice flour, milled rice grain, and
milled rice flour. They found good relationship between NIR spectra vs.
fat content. The result showed that R? of the calibration models were
0.79, 0.84, 0.89, and 0.91, respectively, and RMSE were 0.16, 0.14, 0.09,
and 0.08%, respectively.

Bagchi et al. (2016) used NIR technique in the wavelength
range of 400-2,500 nm to determine amylose and protein contents in 173
brown rice samples. Modification of partial least square (mPLSs) was
used to develop calibration models. They found that using 173 brown rice
samples gave calibration model with higher R? of 0.859 and 0.918 for
amylose and protein contents, respectively. When using 86 rice bran
samples, calibration models with lower R* of 0.567, 0.929, 0.552, 0.653,
and 0.518 for protein, crude oil, moisture, ash, and fiber contents,
respectively, were obtained.
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Ferreira et al. (2013) studied the chemical composition of
ground soybean using NIR technique in the reflectance mode in the
wavenumber range of 4,000-10,000 cm™. Partial least square regression
(PLSR) was used to develop calibration models. They found that R* of the
calibration models for moisture, protein, fat, ash and carbohydrate content
was 0.80, 0.81, 0.71, 0.63, and 0.50, respectively. Root Mean Square
error of the prediction (RMSEP) for moisture, protein, fat, ash, and
carbohydrate content was 1.55, 1.61, 1.20, 0.38, and 3.71, respectively.
The following work of Ferreira et al. (2014) also studied the chemical
composition of ground soybean using NIRS and Mid-infrared
spectroscopy (MIRS) in the reflectance mode in the wavelength range of
1,250-2,500 nm and 2,500-25,000 nm, respectively. PLSR was used to
develop calibration models. The result showed that both NIRS and MIRS
could be used to predict the chemical composition of ground soybean.
However, the use of NIRS could predict the fat content more accurately.

Finally, from the study of Fernandez-Espinosa (2016), NIR
spectra in the wavelength range from 1,000 to 2,300 nm in reflectance
mode were selected to develop calibration models for moisture content,
fat content, and acid value of olive fruits. PLSR was used to develop
calibration models. The result showed that the R? of the calibration
models for moisture content, fat content, and acid value was 0.88, 0.76,
and 0.83, respectively. The RMSEP% of the calibration models for
moisture content, fat content, and acid value was 4.98, 20.0, and 38.8,
respectively.

Form the literature reviewed, determination of mixed rice
bran and parboiled rice bran using NIR spectroscopy is still scarce.
Therefore, as stated earlier, this research aimed to explore the possibility
of using NIRS to determine the properties of mixed rice bran.
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MATERIALS AND METHODS

3.1 Materials
3.1.1 Rice bran samples

Ten lots of freshly produced rice bran samples were collected
from different rice mills in Phitsanulok, Phichit, Nakhon Sawan,
Kamphaengphet, and Nakhon Pathom provinces. Table 3.1 shows the
name of the rice mills and the area for each rice bran sample.

Table 3.1 Rice mill area for rice bran samples

Name of rice mill Rice mill area
Phraya Phatthanarak Co., Ltd. Phitsanulok province
Phichit Si Kasat Rice Co., Ltd. Phichit province

Phichit Rom Charoen 2 Rice Co., Ltd. | Phichit province
Somthai Aree Chop Charoen Limited | Phichit province
Partnership.
Kaoliao Pechpon Limited Partnership. | Nakhon Sawan province

Banphot Phisai Pechpon Rice Mill. Nakhon Sawan province
Sawang Panit Rice Mill. Khampangphet province
Sai-ngam Charoen Chop Rice Mill. Nakhon Pathom province

3.1.2 Parboiled rice bran samples

Ten lots of freshly produced parboiled rice bran samples were
obtained from different rice mills in Phichit, Chainat, and Nakhon Sawan
provinces. Table 3.2 shows the name of the rice mills and the area for
each parboiled rice bran sample.
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Table 3.2 Rice mill area for parboiled rice bran samples

Name of rice mill Rice mill area
Pongpirod Rice Co., Ltd. Phichit province
Sai-ngam Rice New Rice Mill. Phichit province
Siam Tanyachat Co., Ltd. Chai Nat province

Rongsifi Kasat Khathai Limited Chai Nat province
Partnership.
Kaew Sawang Rice Mill. Chai Nat province

Kelyrti Khun Rice Mill. Limited | Nakhon Sawan province
Partnership.
Rongsifi Damrong Charoen Chap | Nakhon Sawan province
Limited Partnership
Sathit Sri Thong Rice Mill. Nakhon Pathom province

3.2 Methods
3.2.1 Sample preparation

In each lot, freshly produced rice bran and parboiled rice bran
were sieved through No. 20 mesh strainer (841 microns) to remove the
husk and broken rice. The sample was then vacuum-packed in laminated
aluminum foil bags (23 cm x 30 cm) and kept in a freezer until further
analyses. Just before the analyses, rice bran and parboiled rice bran
samples were mixed in 11 proportions ranging from 0: 10 to 10: O ratios
(rice bran: parboiled rice bran).

3.2.2 Chemical analysis

The mixed rice bran samples were analyzed for chemical
compositions as following:

3.2.2.1 Moisture content was determined following the
method in AOAC (2012). The method is elaborated in appendix A.1.

3.2.2.2 Protein content was conducted using Kjeldahl
method following the method in AOAC (2012). The method is elaborated
in appendix A.2.

3.2.2.3 Fat content was determined by following the method
in AOAC (2012). The method is elaborated in appendix A.3.
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3.2.2.4 Crude fiber content was determined following the
method in AOAC (2012). The method is elaborated in appendix A.4.

3.2.2.5 Acid value was determined following the method in
AOCS (2004). The method is elaborated in appendix A.5.

3.2.2.6 Phytic acid content was determined following the
method in K-PHYT (11/15, Megazyme, Ireland). The method is
elaborated in appendix A.6.

The analyses were conducted in two replications.

3.2.3 Physical properties analysis

The mixed rice bran samples were analyzed for physical
properties as following:

3.2.3.1 Color of the sample was measured using a Chroma
meter (model CR-300 series, Konica Minolta, Tokyo, Japan) Hunter
Color System (L*, a* and b*). The whiteness index (WI) was calculated
from L, a, and b using equation (1). The method is elaborated in appendix
AT.
Whiteness index = 100-[(100-L)*+ a*+ b*]*° 1)
Ten measurements were carried out per replicate.

3.2.3.2 Bulk density was determined following the method
modified from Caparino et al. (2012). The method is elaborated in
appendix A.8. Ten measurements were carried out per replicate.

The experiment was conducted in two replications.

3.2.4 FT-NIR analysis

The rice bran samples were analyzed using FT-NIR
spectrometer (FT-NIR MPA, Bruker, Germany) in the diffuse-reflectance
mode. Forty (40) g sample was filled in a quartz sample holder and
scanned at 25 °C. All spectra were collected in the wavenumber range of
12,500 to 3,600 cm™ (resolution: 16 cm™, number of sample scan: 32
scans). Six (6) spectra were collected on each sample. The spectra were
then averaged to produce a single spectrum for each sample.
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3.2.5 Chemometric analysis of FT-NIR data
3.2.5.1 Predictive model construction

The measured data and spectra were separated into 2
groups; the first group for calibration model (n=165) and the second
group for internal validation (n=55). The ratio of calibration samples to
validation samples was 3: 1, in which the minimum and maximum values
were in the calibration samples. It means that the range of values for the
validation set fell within the calibration set range for all parameters.
Spectra were pre-treated with 12 methods which are Raw spectrum,
Moving Average Smoothing, Gaussian Filter Smoothing, Median Filter
Smoothing, Savitzky—Golay Smoothing, Normalization, Gap Derivative,
Gap Segment Derivative, S Golay 1% Derivative, S Golay 2™ Derivative,
Baseline, and SNV. Partial least square regression (PLS) was used to
develop chemometric models using the Unscrambler-® X version 10.3
software package (CAMO, Norway) with full-spectrum analysis methods.
Model performance was reported as the coefficient of determination (R?)
and Root Mean Square Error of Calibration (RMSEC) with each term
calculated on the calibration set, Root Mean Square Error of Prediction
(RMSEP), and bias (the average difference between modeled and
reference values). The optimal model with lower RMSEC and higher R®
was used to predict the sample properties in the validation set.

3.2.5.2 External validation

The external samples; ten rice bran samples and ten
parboiled rice bran samples, were obtained from Thai Ruam Jai
Vegetable Oil Co., Ltd. Ten mixed rice bran samples were prepared from
rice bran and parboiled rice bran. All samples were subjected to NIRS
analysis as well as analyses of chemical composition and physical
properties as detailed in 3.2.2-3.2.4. All data from this set of samples
(n=60) was used to validate the -calibration model. The model
performance was evaluated using the ability to predict from R* and
RMSEP.

3.2.6 Statistical analysis

The data were analyzed by analysis of variance (ANOVA)
with significance at p < 0.05. Duncan's multiple range tests (DMRT) were
carried out for mean comparison. All statistical analyzes were performed
using SPSS software (version 17, SPSS Inc., Chicago, USA).



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Chemical composition and physical properties of mixed rice bran

Proximate compositions of 220 rice bran samples are shown in
table 4.1. It was found that the major component in rice bran is fat which
accounted for 19.2-31.8 % db, followed by protein content (14.7-18.4 %
db), fiber content (9.1-14.0 % db), and moisture content (8.5-10.9 % wb).
Rice bran also had the acid value and phytic acid in the 3.1-28.1 mg
KOH/g oil and 4.8-8.2 g/100g bran, respectively. All rice bran samples
had untapped bulk density in the 0.19-0.29 g/ml range, tapped bulk
density in the 0.29-0.41 g/ml range, and whiteness index of 47.3-55.0.

Table 4.1 Chemical compositions and physical properties of 220 rice
bran samples

Parameters Range Mean SD
Moisture content (% whb) 8.5-10.9 9.8 0.4
Protein content (% db) 14.7-18.4 16.1 0.7
Fat content (% db) 19.2-31.8 25.4 2.3
Fiber content (% db) 9.1-14.0 11.6 1.2
Acid value (mg KOH/g oil) 3.1-28.1 12.1 6.2
Phytic acid (g/100g bran) 4.8-8.2 6.7 0.7

Bulk density (tapped) (g/ml) 0.29-0.41 0.36 0.02

Bulk density (untapped) (g/ml)  0.19-0.29 0.23 0.02
Whiteness index 47.3-55.0 50.5 1.6

Note: SD = standard deviation

Tables 4.2 to 4.10 show the chemical compositions and physical
properties of 220 samples of rice bran samples.
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4.1.1 Fat content

Table 4.2 shows the results of fat analysis. It was found that,
from 10 lots of samples, rice bran had 22.4-25.5 % fat content whereas
parboiled rice bran had 19.3-31.5 % fat content. It was observed that 8
out of 10 lots of parboiled rice bran contained higher fat content than rice
bran. However, it excludes the parboiled rice bran sample in lot 4 and 5
which showed lower fat content than rice bran sample. This phenomenon
could be due to the production of parboiled rice bran which involves
soaking process before the steaming step. The long soaking process might
cause fat to diffuse to the rice bran (Bhattacharya, 2004) and resulted in
high fat content in the bran of parboiled rice. On the other hand, if
soaking time is short, fat could diffuse to the outside part lesser. Parboiled
rice bran from lot 4 and 5 could possibly come from the parboiling
process with short soaking time. When rice bran was mixed with
parboiled rice bran in various proportions, fat content decreased when
rice bran proportions increased. In the research of Orthoefer (1996), it
was illustrated that the fat content of parboiled rice bran increased 4-5 %
when compared to that of rice bran.

4.1.2 Acid value

Table 4.3 shows the acid value of mixed rice bran samples. It
was found that the samples in lot 1 to lot 10 had acid value in the 7.1-
28.1 mg KOHY/g oil range for rice bran and 3.1-5.4 mg KOH/g oil range
for parboiled rice bran. Acid value is one of the key factors used to
determine the quality of rice bran that is associated with its oil yield. In
rice bran, lipase; a fat hydrolyzing enzyme, is usually present. The factors
that affect lipase activity are storage temperature and time. Higher
temperature can accelerate the reaction of lipase enzyme (ltthisoponkul,
2000). According to previous studies, the acid value of rice bran oil was
higher than that of the oil from parboiled rice bran. Because the lipase
enzyme in rice bran that hydrolyzes fat in the bran, which creates free
fatty acids and glycerol, is destroyed during the parboiling process of
rice. However, the results showed that, the acid value of rice bran in lot 9
and 10 was lower than other lots. It could be due to very efficient and
timely management of the sample that did not facilitate the action of
lipase enzyme. Thus, lower acid value of rice bran in lot 9 and 10 was
observed. As expected, the acid value of mixed rice bran increased when
rice bran proportion increased in every lot of samples. In the research of
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Aizono (1973) who studied the characterization of lipase from rice bran
of Oryza sativa (Japonica), the optimum temperature and pH of lipase
were found to be 37°C and 7.5-8.0, respectively. The enzyme was
reported to be destroyed when heated at 60°C for 15 minutes.

4.1.3 Phytic acid

Table 4.4 shows the phytic acid content of mixed rice bran
samples. It was found that the samples in lot 1 to lot 10 had phytic acid in
the 6.6-8.1 g/100 g bran range for rice bran and 4.8-6.3 g/100 g bran
range for parboiled rice bran. Phytic acid is present in plants, especially in
grains and beans. When phytic acid is bound with minerals, it is called
phytate. Phytic acid and phytate can be degraded by heat. Thus, it can be
used as an indicator for heat treatment in bran (Reddy ef al., 1982). In the
research of Tanjor et al. (2016), it was stated that the phytate content was
significantly decreased. In this study, the heat treatment can further
reduce the amount of phytate by 28 percent. In the research of Lestienne
et al. (2005), it was stated that the phytate content of cereals also
decreased because phytase is activated and causes the hydrolysis of
phytic acid during soaking process. Vidal-Valverde ef al. (1994) reported
that combined soaking and heating of lentils is more effective than
soaking alone in reducing the level of phytic acid. In this study, the phytic
acid content of rice bran was slightly higher than that of parboiled rice
bran. When rice bran was mixed with parboiled rice bran in various
proportions, phytic acid increased with increasing rice bran proportion.
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4.1.4 Protein content

Table 4.5 shows protein content of mixed rice brans. It was
found that, from 10 lots of samples, rice bran had 14.7-15.2 % protein
content while parboiled rice bran had 16.2-18.3 % protein content. In the
steaming process of parboiled rice bran production, rice grains are
partially cooked. Subsequent drying of partially cooked rice grain causes
the grain to be stronger. As a result, the same degree of milling might
result in parboiled rice bran with lower carbohydrate content, which yield
parboiled rice bran with higher protein content. When rice bran was
mixed with parboiled rice bran in various proportions, protein content
decreased with increasing rice bran proportion.

4.1.5 Moisture content

Table 4.6 shows the results of moisture analysis. From 10
lots of samples, rice bran had 10.0-10.9 % moisture content whereas
parboiled rice bran had 8.6-9.8 % moisture content. The drying step after
the parboiling process caused parboiled rice bran to have lower moisture
content than rice bran (Luh, 1991). The moisture content of both rice bran
samples also varied in a narrow range. The moisture content of mixed
rice bran increased with increasing rice bran proportion in every lot of
samples, and still varied in a narrow range. This was beneficial to NIRS
analysis as moisture consistency is one important factor that needs to be
controlled (Ozaki, 2001).

4.1.6 Fiber content

Table 4.7 shows the fiber content of mixed rice bran
samples. The samples in lot 1 to lot 10 had fiber content in the 9.2-10.0 %
range for rice bran and 13.0-13.9 % ranges for parboiled rice bran.
Steaming process of parboiled rice bran production causes rice grain to be
stronger. Consequently, the same degree of milling might result in bran
with lower carbohydrate content, which yield parboiled rice bran with
higher fiber content. The fiber content of mixed rice bran decreased when
rice bran proportion increased in every lot of experiments.
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4.1.7 Color (whiteness index)

Table 4.8 shows color of the samples in term of whiteness
index. In lot 1 to lot 10, it was found that, the samples had whiteness
index in the 49.3-53.1 range for rice bran and 48.2-54.9 ranges for
parboiled rice bran. It was observed that 9 out of 10 lots of parboiled rice
bran had lower whiteness index; darker color, than rice bran. However, it
excludes the parboiled rice bran sample in lot 4 which showed higher
whiteness index than rice bran sample. Generally, parboiled rice bran has
darker color than rice bran. This is because the production of parboiled
rice bran involves soaking process in the steaming step. During soaking,
pigments in the layer of rice husk may spread to the layer of bran and
causes the color of the bran to be darker. Moreover, Maillard reaction can
occur in the heat treatment process leading to dark color development in
the bran (Luh, 1991; Pillaiyar, 1990; Refai et al., 1967). On the other
hand, if soaking time is short, the pigments of husk could diffuse to the
inside part lesser, resulting in lighter color. Parboiled rice bran from lot 4,
with lighter color, could possibly come from the parboiling process with
short soaking time. The result was consistent with the amount of fat
content of parboiled rice bran from the same lot. When rice bran was
mixed with parboiled rice bran in various proportions, whiteness index
increased when rice bran proportions increased.

4.1.8 Bulk density

Tables 4.9 and 4.10 show the tapped bulk density and
untapped bulk density of mixed rice bran samples. The result showed
that, from 10 lots of samples, the samples had bulk density (tapped) in the
0.34-0.41 g/ml range for rice bran and 0.29-0.37 g/ml range for parboiled
rice bran. The bulk density (untapped) of mixed rice bran samples was
slightly lower; 0.23-0.29 g/ml range for rice bran and 0.19-0.26 g/ml
range for parboiled rice bran. Lower bulk density, both tapped and
untapped, of parboiled rice bran was due to higher fat content. The result
was consistent with the amount of fat content in all samples. The bulk
density of mixed rice bran increased when rice bran proportion increased
in every lot of samples. Our result is consistent with that reported by
Barberand Benedito de Barber (1980) in that the bulk density of rice bran
was about 0.2-0.4 g/ml.
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4.2 Relationship between chemical composition, physical properties
and ratios of mix rice bran

Table 4.11 and Figure 4.1 show the results on physical properties
and chemical composition of mixed rice bran and parboiled rice bran. The
chemical composition and physical properties of mixed rice bran strongly
related with rice bran-to-parboiled rice bran ratio, except for moisture
content and whiteness index that varied in a narrow range, with R? in the
range of 0.98 to 0.99. Therefore, all properties can be used as predictors
for rice bran content in mixed bran. However, larger standard deviations
were observed for acid value followed by fat content. This was due
greatly to the variations in acid value and fat content of raw rice bran that
was affected by the condition of storage and transportation of the
samples. Raw rice bran contains active enzymes that continue to work
until the point of analyses. The enzyme’s activity depends on storage
temperature and time. Any discrepancy in both factors can cause the acid
value and fat content to change. The standard deviation of acid value and
fat content grew larger as the proportion of rice bran increased. On the
contrary, the standard deviation for phytic acid content, which is one
indicator for heat treatment of rice bran, was quite narrow. This is
because the insensitive nature of the substance with regard to time and
temperature of storage. With its strong dependency on rice bran-to-
parboiled rice bran ratio (R*= 0.9991), phytic acid content can be used as
a good predictor for rice bran content in mixed bran.
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Figure 4.1 Regression plot between chemical composition and physical
properties and ratios of mixed rice bran and parboiled rice bran (a)
moisture content, (b) protein content, (c) fiber content, (d) fat content, (e)
acid value, (f) phytic acid (g) bulk density (tapped), (h) bulk density
(untapped), and (i) whiteness index
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Figure 4.1 Regression plot between chemical composition and physical
properties and ratios of mixed rice bran and parboiled rice bran (a)
moisture content, (b) protein content, (c) fiber content, (d) fat content, (e)
acid value, (f) phytic acid (g) bulk density (tapped), (h) bulk density
(untapped), and (i) whiteness index (continued...)
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4.3 FT-NIR analysis of mixed rice bran
4.3.1 FT-NIR spectra

The FT-NIR analysis of mixed rice bran samples were
carried out for 220 rice bran samples. Sample spectra are presented in
Figure 4.2 in the 3,600 to 12,500 cm™ wavenumber region. The samples
from the mixing between rice bran and parboiled rice bran in 11
proportions from 0: 10 to 10: O ratio were analyzed using FT-NIR
spectrometer in the diffuse-reflectance mode.

2_

1.5 1

-
]

12v4EE~.TE- 11343 102254 8018323 78302 &711.6 5503 4851545

Figure 4.2 Raw FT-NIR spectra of mixed rice bran and parboiled rice
bran (wavenumber 12,500 - 3,600 cm™)

4.3.2 Chemometric analysis of FT-NIR data

Moisture content, protein content, fat content, crude fiber
content, acid value, phytic acid, bulk density (tapped), bulk density
(untapped), and color (whiteness index) were used to develop calibration
models. Only 9 parameters could be used to develop good calibration
models with R*> greater than 0.91 for calibration set and 0.88 for
validation set.

In the stage of model development, the samples were
classified as the calibration set and the validation set. Table 4.12 shows
the sample data range for the calibration set and the validation set. It is
noted that the range of values for the validation set was within the range
of the calibration set for all parameters. Small differences in range of
minimum and maximum, mean and standard deviation between the
calibration set and validation set indicated that both sets could represent
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the analysis of chemical compositions and physical properties of rice bran
samples.

For the modelling, the spectra were preprocessed by the
combination of several mathematic treatments. The spectra obtained from
FT-NIR and chemical analyses were pretreated by 12 mathematic
methods: Raw spectrum, Moving Average Smoothing, Gaussian Filter
Smoothing, Median Filter Smoothing, Savitzky—Golay Smoothing,
Normalization, Gap Derivative, Gap Segment Derivative, S Golay 1%
Derivative, S Golay 2™ Derivative, Baseline, and SNV. Calibration
models were produced using partial least square (PLS) regression. The
quality of the models was checked by calculation of the determination
coefficient (R?), root mean square error of calibration (RMSEC), root
mean square error of prediction (RMSEP). Values closer to one for R®
and low value for RMSEC indicate the good performance of the model
for the prediction of the quality parameters of rice bran samples. Table
4.13 shows comparison of statistics obtained from the modelling of
calibration and validation using different pretreatment methods. The
summary of calibration and validation statistics for all factors are shown
in Table 4.14. It was found that the treated FT-NIR spectra gave better
models; higher R? and lower RMSEP, when compared to raw spectra.

From the result, raw NIR spectra were optimal for
relationship development with fat and bulk density (tapped), whereas
Median filter smoothing pretreatment method was optimal for
relationship development with only phytic acid. Baseline method was
optimal for relationship development with acid value and bulk density
(untapped), while Moving Average Smoothing method was optimal for
relationship development with only protein. In addition, Normalization
method was optimal for that with moisture, crude fiber, and color
(whiteness index).

Scatter plots for comparison of measured and predicted
values for each parameter are shown in Figure 4.3-4.11. Good linearity
and high R? indicated that the calibration equation could provide good
prediction for fat, phytic acid, acid value, bulk density (untapped),
protein, bulk density (tapped), moisture, fiber, and color (whiteness
index). R? of calibration set was 0.98, 0.96, 0.94, 0.92, 0.92 0.91, 0.91,
0.91, and 0.91, respectively, and RMSEC was 0.36, 0.15, 1.53, 0.01, 0.20,
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0.01, 0.13, 0.36, and 0.48, respectively. Furthermore, R? of internal
validation set was 0.97, 0.97, 0.93, 0.91, 0.92, 0.87, 0.92, 0.88, and 0.88,
respectively, and RMSEP was 0.40, 0.13, 1.72, 0.01, 0.21, 0.01, 0.12,

0.41, and 0.56, respectively.

Table 4.12 Range of composition analysis in the sample used to develop

PLS models

Calibration set (n = 165) Internal validation set (n = 55)
Parameter Range Mean SD Range Mean SD
Moisture content (% whb) 8.5-10.9 9.8 0.4 8.9-10.9 9.8 0.4
Protein (% db) 14.7-18.4 16.1 0.7 14.7-18.2 16.1 0.7
Fat (% db) 19.2-31.8 25.3 2.3 20.5-31.6 254 2.3
Fiber (% db) 9.1-14.0 11.6 1.2 9.4-14.0 11.6 1.2
Acid value (mg KOH/g oil) 31-281 120 62  3.4-281 12.3 6.4
Phytic acid (9/100g bran) 4.8-8.2 6.7 0.7 5.1-8.1 6.7 0.7
Bulk density (tapped) (g/ml) 0.29-041 036 0.02 0.31-0.41 0.36 0.02
Bulk density (untapped) (g/ml)  0.19-0.29  0.23  0.02 0.19-0.29 0.23 0.02
Whiteness index 47.3-55.0  50.5 16  47.6-54.9 50.6 1.6

Note: n = number of samples, SD = standard deviation
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Figure 4.3 Relationship between predicted value and reference value of
fat for (a) calibration (n = 165) and (b) internal validation (n = 55)
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Figure 4.4 Relationship between predicted value and reference value of
phytic acid for (a) calibration (n = 165) and (b) internal validation
(n =55)
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Figure 4.5 Relationship between predicted value and reference value of
acid value for (a) calibration (n = 165) and (b) internal validation (n = 55)
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Figure 4.6 Relationship between predicted value and reference value of
protein for (a) calibration (n = 165) and (b) internal validation (n = 55)
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Figure 4.7 Relationship between predicted value and reference value of
bulk density (untapped) for (a) calibration (n = 165) and (b) internal

validation (n = 55)
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Figure 4.8 Relationship between predicted value and reference value of
bulk density (tapped) for (a) calibration (n = 165) and (b) internal

validation (n = 55)
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Figure 4.9 Relationship between predicted value and reference value of
moisture for (a) calibration (n = 165) and (b) internal validation (n = 55)
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Figure 4.10 Relationship between predicted value and reference value of
fiber for (a) calibration (n = 165) and (b) internal validation (n = 55)
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Figure 4.11 Relationship between predicted value and reference value of
color (whiteness index) for (a) calibration (n = 165) and (b) internal
validation (n = 55)



53

4.4 External validation

External rice bran samples from a different harvesting season were
obtained and analysed in order to validate the calibration model
developed earlier. Proximate compositions of 60 rice bran samples are
shown in Table 4.15. It was found that the major component in rice bran
Is fat which accounted for 15.6-30.8 % db, followed by protein content
(13.0-20.9 % db), crude fiber content (8.9-13.9 % db), and moisture
content (9.2-11.4 % wb). Rice bran also presented the acid value in the
4.3-123.1 mg KOH/g oil range, 5.3-8.1 g/100g bran phytic acid. All rice
bran samples had the untapped bulk density in the 0.18-0.26 g/ml range,
the tapped bulk density in the 0.26-0.37 g/ml range, and whiteness index
of 44.5-53.0.

Table 4.15 Chemical compositions and physical properties of 60 external
rice bran samples

Parameters Range Mean SD
Moisture content (% wb) 9.2-11.4 105 06
Protein content (% db) 13.0-20.9 156 20
Fat content (% db) 15.6-30.8 222 4.6
Fiber content (% db) 8.9-13.9 113 17
Acid value (mg KOH/g oil) 4.3-123.1 56.2  42.6
Phytic acid (g/100g bran) 53-8.1 7.0 0.8
Bulk density (tapped) 0.26-0.37 0.33 0.03
Bulk density (untapped) (g/ml) 0.18-0.26 0.23 0.02
Whiteness index 44.5-53.0 49.1 2.4

Note: SD = standard deviation

Tables 4.16 to 4.18 show the chemical compositions and physical
properties of 60 samples of rice bran samples. It was observed that the
external samples possessed chemical compositions and physical
properties in close proximity with the rice bran samples previously
acquired for NIR calibration model (Table 4.19), except for one rice bran
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sample which contained very high acid value. The same samples were
also subjected to FT-NIR analyses in the diffuse-reflectance mode.

The calibration and external validation statistics are shown in Table
4.20 It was found that the treated of best model could predict good
models that gave high R* and low RMSEP. Scatter plots for relationship
between predicted value and reference value of external validation for
each parameter are shown in Figure 4.12. Good linearity and high R?
indicated that the calibration equation could accurately be used for the
prediction of crude fat, phytic acid, bulk density (untapped), protein, bulk
density (tapped), crude fiber, and color (whiteness index). But high
RMSEP and not available R? for moisture content and acid value are
noted. This was because the range of moisture content and acid value of
the external samples fell outside the range of value for the calibration
model development. The model could still be successfully used to predict
crude fat (R?> = 0.9714) and phytic acid content (R* = 0.8941) of the
external samples.
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Table 4.19 Range of composition analysis for calibration set and the

external validation set
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Calibration set (n = 165)

External validation set (n =60 )

Parameter

Range Mean SD Range Mean SD
Moisture content (% whb) 8.5-10.9 9.8 0.4 9.2-114 10.5 0.6
Protein (% db) 14.7-18.4 16.1 0.7 13.0-20.9 15.6 2.0
Fat (% db) 19.2-31.8 25.3 2.3 15.6-30.8 22.2 4.6
Fiber (% db) 9.1-140 116 1.2  89-13.9 11.3 1.7
Acid value (mg KOHY/g oil) 3.1-28.1 12.0 6.2 4.3-123.1 56.2 42.6
Phytic acid (g/100g bran) 4.8-8.2 6.7 0.7 5.3-8.1 7.0 0.8
Bulk density (tapped) (g/ml) 0.29-041 036 0.02 0.26-037  0.33 0.03
Bulk density (untapped) (g/ml) 0.19-029 0.23  0.02 0.18-0.26 0.23 0.02
Whiteness index 47.3-55.0  50.5 1.6 44.5-53.0 49.1 24

Note: n = number of samples, SD = standard deviation
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CHAPTER V
CONCLUSIONS

In summary, in terms of the composition of rice bran and parboiled
rice bran, when parboiled rice bran was mixed with rice bran in various
proportions, fat, protein, and fiber content were increased when parboiled
rice bran proportion increased, whereas acid value, phytic acid, moisture
content, color (whiteness index), and bulk density decreased. In the study
of relationship between chemical compositions, physical properties and
ratios of mixed rice bran, good R? could be developed in the following
descending order: phytic acid, acid value, bulk density (tapped), protein
content, fiber content, moisture content, bulk density (untapped), fat
content, and color (whiteness index), respectively. All properties, except
for moisture content, bulk density, and whiteness index, showed strong
dependency on rice bran ratio. Therefore, they can be used as predictors
for ratios of rice bran content in mixed bran.

From FT-NIR analyses, good calibration model between FT-NIR
and properties could be developed in the following descending order: fat
content, phytic acid, acid value, protein content, bulk density, moisture,
crude fiber, and color (whiteness index), respectively. Therefore, FT-NIR
can be used as a rapid and non-destructive tool to determine those
properties of rice bran samples.

Lastly, the study revealed the accuracy of the calibration equations
with regard to prediction of external samples from different harvesting
season. The model could successfully predict fat content and phytic acid
content in the external samples.

Suggestions

To produce good results, both rice bran and parboiled rice bran
samples should be analyzed as soon as they are manufactured. The
samples also need to be stored in freezing temperatures and vacuum
packing environment. Finally, rice bran analysis by NIRS can be more
efficient and accurate when the number of collected samples for
calibration set increases. Variations of samples with regard to area of rice
cultivation, season, and storage condition should also be taken into
concerns.
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APPENDIX A
CHEMICAL ANALYSIS PROCEDURES

A.1 Moisture content (AOAC, 2012)

Apparatus
1. Aluminum pan
2. Hot air oven (Binder, model ED/FD, Germany)
3. Weighing machine (4 digits) (Sartorius, BSA224S, Germany)

4. Desiccator

Procedures

1. The empty aluminum pans was heated at 105 °C until weight
constant and cooled down in desiccator

2. Five gram of sample was weighed into pre-weighed aluminum
pan and dried at 105 °C for 8 hours in a hot air oven

3. The heated aluminum pan and sample was removed to desiccator
for cooling

4. The aluminum pan and sample was weighed after cooling
5. Drying is repeated until constant weight is achieved

6. Moisture content could calculate from equation A.1

W2-W3

Moisture content (% wet basis) = WIW1

x100 (A.1)

W/, Constant weight (g) of aluminum pan
W,: Weight (g) of sample with aluminum pan before drying

W3 Weight (3) of sample with aluminum pan after drying
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A.2 Protein content using Kjeldahl method (AOAC, 2012)

Apparatus
1. Filter paper (Whatman No.41)
2. Weighing machine (4 digits) (Sartorius, BSA224S, Germany)
3. Kjeldahl tube (Buchi, Switzerland)
4. Buchi digestion unit (Buchi, model K-424, Switzerland)
5. Buchi scrubber (Buchi, model B-414, Switzerland)

6. Distillation apparatus (Buchi, model B-324, Switzerland)

Reagent
1. Selenium mixture (Merck, Germany)
2. Sulphuric acid 98 % (QREC®, New Zealand)
3. Sodium hydroxide (QREC®, New Zealand)
4. Boric acid (Univar, Ajax Finechem, Australia)
5. Hydrochloric acid 37 % (QREC®, New Zealand)

6. Mixed indicator solution: methyl red-methylene blue

Procedures

1. Zero point five gram of sample was weighed into filter paper
(Whatman No.41) and moved to Kjeldahl tube

2. Add 5 gram of selenium mixture and 20 mL of sulphuric acid

3. Set a blank test following the method but used 1 mL of distilled
water for substitute the sample

4. Place the tube on the Buchi digestion unit with Buchi scrubber
and heat until to obtain clear red-brown solution

5. Cooled the sample to room temperature
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6. Add 50 mL of 4 % (w/v) boric acid solution into 250 mL flask,
add 2 drops of the indicator solution, mix and place flask under the
condenser of the distillation apparatus with the distillation mode
such as

- Distilled water: 50 mL
- 50% NaOH: 60 mL

- Distillation time: 5 min
- Steam: 100 %

7. Titrate the solution in the flask with 0.1 N HCI until obtained
claret solution

8. Record the volume of 0.1 N HCI

9. Protein content is calculated from equation A.2.1 and A.2.2,
respectively

(V-B)xNx1.4

Total nitrogen (% wet basis) = ™

(A.2.1)

V: Volume (mL) of 0.1 N HCI required for the sample titration

B: Volume (mL) of 0.1 N HCI required for the blank test

N: Normality factor of HCI solution

W: weight of sample (g)

Protein content (% wet basis) = Total nitrogen (%) x 6.25(A.2.2)

6.25: Multiply factor for used to obtain rice bran protein (%)

A.3 Lipid content (AOAC, 2012)

Apparatus

1. Filter paper (Whatman No.1)
2. Weighing machine (4 digits)

3. Extraction thimbles
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4. Soxhlet
5. Rotary evaporator
6. Hot air oven

7. Desiccator
Reagent
1. Hexane (QRec®, New Zealand)

Procedures

1. Dried flat bottom flask at 105 °C in hot air oven for 1 hour or
until constant weight and cooled down in desiccator

2. Weigh five gram of dried sample on filter paper and wrap

3. Move the filter paper (Whatman No.1) with sample into
extraction thimble

4. Place the extraction thimble in the Soxhlet extraction and
connected a weighed flat bottom flask containing 250 mL hexane

5. Connect the extractor to a reflux condenser
6. Extract fat for 4 hours at condensation rate of 5-6 drops/second
7. Evaporated the hexane by rotary evaporator

8. Dried flat bottom flask at 105 °C in hot air oven until constant
weight, cooled down in desiccator and weigh

9. Lipid content could calculate from equation A.3

W2-W3

Lipid content (% dry basis) = o

x100 (A.3)

W;,: Weight (g) of sample
W,: Weight (g) of flat bottom flask with lipid
W3: Weight (g) of flat bottom flask without lipid
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A.4 Crude fiber content (AOAC, 2012)

Apparatus
1. Bichner funnel
2. Crucible
3. Desiccator
4. Hot air oven
5. Muffle furnace
6. Weighing machine (4 digits)
7. Filter paper (Whatman No. 1 and 42)

Reagent
I. Sulphuric acid 98 % (QREC®, New Zealand)
2. Sodium hydroxide (QREC®, New Zealand)
3. Ethanol 95 %

Procedures

1. Weigh two gram of sample (without lipid) obtained from the
determination of lipid content (W) into 600 mL beaker

2. Add 200 mL of 1.25 % sulphuric acid in the beaker

3. Heat at Boiling point for 30 minute (control volume of solution
with boiling water)

4. Filter the content from point 3 through a Blichner funnel with a
filter paper (Whatman No. 1)

5. Wash with boiling water until acid-free

6. Remove the content from point 5 into the original beaker and
add 200 mL of 1.25 % Sodium hydroxide
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7. Heat at Boiling point for 30 minute (control volume of solution
with water)

8. Filter the content from point 3 through a Bulchner funnel with a
filter paper (Whatman No. 42)

9. Wash with boiling water until base-free
10. Wash twice with 25 mL of 95 % ethanol

11. Dried the filter paper with content (from 10.) at 105 °C until
constant weigh (W,)

12. Transfer the dried sample into crucible (pre-weigh)
13. Ashing in muffle furnace at 550 °C until obtain the white ash
14. Cool down the crucible in a desiccator and weight (Ws)

15. Crude fiber content could calculate from equation A.4

Crude fiber content (% dry basis) = o>

x 100 (A.4)
W;: Weight (g) of sample

W,: Weight (g) of insoluble matter

W;: Weight (g) of ash

A.5 Acid value (AOCS, 2003)

Apparatus

1. Weighing machine (4 digits) (Sartorius, BSA224S, Germany)

Reagent
1. Ethanol (QREC®, New Zealand)
2. Diethyl ether (QREC®, New Zealand)
3. Phenolphthalein

4. Potassium Hydroxide or Sodium Hydroxide 0.1 N
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Procedures

1. Weigh zero point five gram of sample (4 decimal places) put in
an Erlenmeyer flask

2. Mix solvent (Ethanol: Diethyl ether = 1: 1) and add 50 ml of the
solvent mixture to the sample

3. Phenolphthalein drops into the solution

4. Titrate the solution with 0.1 N KOH until obtained pink solution
for 30 seconds

5. Record the volume of 0.1 N KOH

6. Acid value is calculated from equation A.5
Acid value (mg KOH/g of sample) = % x 5.61 (A.5)

V: Volume (mL) of 0.1 N KOH required for the sample titration

W: weight of sample (g)

A.6 Phytic acid (K-PHYT,11/15, Megazyme, Ireland)

Apparatus
1. Vortex mixer
2. Heat water bath
3. Microfuge
4. Spectrophotometer

5. Weighing machine (4 digits) (Sartorius, BSA224S, Germany)

Reagent

1. Color reagent : Ascobic acid 10 w/v in Sulphuric acid 1 M mix
with Ammonium molybdate 5 w/v (1: 5)

2. Trichloroacetic acid 50 w/v
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3. Hydrochloric acid 0.66 M
4. Sodium hydroxide 0.75 M

Procedures

1. Weigh accurately 1 g of sample into a 75 mL glass beaker. Add
20 mL of hydrochloric acid (0.66 M), cover the beaker with foil
and stir vigorously for a minimum of 3 h at room temperature
(preferably overnight for convenience)

2. Transfer 1 mL of extract to a 1.5 mL microfuge tube and
centrifuge at 13,000 rpm for 10 minutes, then immediately transfer
0.5 mL of the resulting extract supernatant to a fresh 1.5 mL
microfuge tube and neutralise by addition of 0.5 mL of sodium
hydroxide solution (0.75 M). Use the neutralised sample extract in
the enzymatic dephosphorylation reaction

3. Separate (a) free phosphorus (b) total phosphorus. By (b) add
phytase enzyme and alkaline phosphatase enzymes for all phytic
acid hydrolyze and converted to inorganic phosphate, while (a) not
fill the enzyme

4. Incubate in a water bath set at 40 °C for 15 min. After 15 min,
stop the reaction by addition of: trichloroacetic acid (50 % w/v)
0.30 mL both (a) and (b)

5. Centrifuge the terminated reaction at 13,000 rpm for 10 min. Do
not mix the tube after centrifugation

6. Transfer 1 mL of solution to determined colorimetric
determination

7. Mix by vortex and incubate in a water bath set at 40 °C for 1 h.
After 1 h, mix by vortex and then transfer 1 mL to a semi-micro
cuvette and read the absorbance at 655 nm (A655) within 3 h

8. Apply the absorbance values between (a) and (b). To find the
total phosphorus content and the phytic acid from the standard
graph
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A.7 Color measurement (Whiteness index)

Apparatus

1. Chroma meter (model CR-300 series, Konica Minolta, Tokyo,
Japan)

2. Weighing machine (4 digits) (Sartorius, BSA224S, Germany)

Procedures
1. 1.5 gram of rice bran into the sample cup
2. Use the cover to prevent any external light
3. Color measurement by Hunter Color System L*, a*, and b*
4. Whiteness index could calculate from equation A.7

Whiteness index (WI) = 100 — [(100 - L)*+a* + b*]* (A7)

A.8 Bulk density measurement (Caparino et. al. 2012)

Apparatus
1. Cylinder
2. Weighing machine (4 digits) (Sartorius, BSA224S, Germany)

Procedures

1. Approximately 5 gram of rice bran sample was freely poured
into a 25 ml glass graduated cylinder (readable at 1 ml)

2. the samples were repeatedly tapped manually by lifting and
dropping the cylinder under its own weight at a vertical distance of
14 £ 2 mm high until negligible difference in volume, whereas
untapped will not lifting and dropping the cylinder

3. Observe given the mass M and the apparent (tapped) volume
Vof the powder and weigh of the sample in cylinder

4. Bulk density could calculate from equation A.8



Bulk density (kg/m?) =

W: weight of sample (g)

V: volume (mL) of cylinder

M

v

(A8)
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APPENDIX B
CHEMICAL - PHYSICAL ANALYSIS

B.1 Chemical — Physical analysis
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