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The aims of this research were to study the effect of germination, enzymatic hydrolysis, and foam-mat
drying temperature on physico-chemical properties and antioxidant activities of foam-mat dried rice bean protein
hydrolysate. Firstly, the effects of germination period and pretreatment with 1% (w v!) citric acid on chemical
composition and antioxidant activities were studied. Rice beans were soaked in water and 1% (w v') citric acid
solution for 6 h before germination for 0-24 h. Moisture content, total phenolic content (TPC) and the reducing
sugar content of beans from both treatments increased with increasing germination time (p<0.05). Pretreatment
showed strong impact on an increase in TPC. The 18 hour-germinated rice beans (GRB) of both treatments showed
the highest crude protein content. 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity and ferric
reducing antioxidant power (FRAP) of the water and ethanolic extracts obtained from both treatments increased as
germination period increased (p<0.05). Secondly, the GRB and non-germinated rice bean (NGRB) were then
hydrolysed using 5% (by dry weight of rice bean) Flavourzyme®. The reaction was conducted at 50°C for 24 h. The
results showed that free amino group, degree of hydrolysis, TPC, and antioxidant activities (DPPH radical
scavenging activity and FRAP) of hydrolysate of GRB significantly increased with increasing hydrolysis period
(p<0.05). All parameters tested from hydrolysate of GRB were higher than those of NGRB over 0-24 h of
hydrolysis. The hydrolysis period for 21 h was chosen for preparation of protein hydrolysates in this study. Thirdly,
drying kinetic and mathematical model of foam-mat dried protein hydrolysate were studied. Foamed protein
hydrolysate was dried at two different drying temperatures (60 and 70 °C). Drying rate of protein hydrolysate of
GRB was slightly lower than that of NGRB protein hydrolysate at both drying temperatures. Weibull distribution
and Midilli model could suitably describe the drying characteristic of both foam-mat dried rice bean protein
hydrolysate. The samples were dried until reaching a moisture content of about 8.5% (dry basis). Physico-chemical
properties of foam-mat dried protein hydrolysate were investigated. TPC and total flavonoid content of both GRB
and NGRB foam-mat dried at 60 °C were higher than those of 70 °C (p<0.05). Gallic acid, catechol and epicatechin
were major phenolic compounds in both foam-mat dried samples. DPPH radical scavenging activity and FRAP
significantly decreased with increasing drying temperatures (p<0.05). It was found that %DPPH radical scavenging
activity measured using electron spin resonance (ESR) was 1.20-1.32 times higher than using colorimetric method,
at the same concentration of protein hydrolysate. The higher TPC, total flavonoid content, and antioxidant activities
of foam-mat dried protein hydrolysate of GRB compared to NGRB were observed. The low molecular weight
peptide (lower than 3 kDa) showed the higher antioxidant activities than high molecular weight peptide (higher than
3 kDa). The main components responsible for the antioxidant activity of foam-mat dried rice bean protein
hydrolysates was phenolics.
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CHAPTER |
INTRODUCTION

Rice bean (Vigna umbellata) is one of the economically important agricultural
products of Thailand, and has been used for making pastry filling, rice bean sprouts and
traditional Thai desserts. Rice bean seeds are a good source of protein (14-26% on dry
basis). It also contains phenolic compounds which exhibit antioxidant activity. Legume
seed germination results in biochemical changes leading to increased levels of, for
example, amino acids, peptides and structural proteins and breakdown of seed storage
compounds. These processes affect nutritional value of legume seeds. Moreover,
germination causes an increase in beneficial bioactive compounds such as phenolics
and vitamins C and E.

Modification of proteins by enzymatic hydrolysis is an effective way to improve
the functional properties and leads to alternative uses of protein. To produce protein
hydrolysate, enzymatic hydrolysis is performed via utilising proteolytic enzyme to
hydrolyse peptide bond. This process modifies its physico-chemical, functional and
sensorial properties of the native protein. Some hydrolysed proteins have excellent
potential activity as antioxidant in food. Antioxidant activity of protein hydrolysate
mainly depends on amino acid residues within peptides.

The hydrolysate may be dried and stored in a dry form. Foam-mat drying is a
process in which a liquid or semisolid material is transformed into a stable foam by
incorporation of foaming agent into liquid foods with subsequent whipping to stiff
foam. The foam is then spread as a thin sheet and dried in a hot air oven. This drying
method can increase the drying rate by making more porous of material, thus allowing
rapid moisture movement within the material. The products can be dried rapidly and
without losing much of its nutritional and antioxidant activity.

The bean hydrolysate has been reported to show antioxidant activities.
However, there has been no reported study on foam-mat drying on antioxidant activity
of germinated bean hydrolysate. Therefore, the objectives of this thesis were as

follows:



1) To study the effect of acid pretreatment and germination period on chemical
composition and antioxidant activity of rice bean during germination.

2) To study the effect of hydrolysis period on degree of hydrolysis and
antioxidant activity of rice bean hydrolysate.

3) To study the influence of foam-mat drying temperature on phenolic
composition and antioxidant activity of foam-mat dried rice bean hydrolysate.

The knowledge on physico-chemical properties and antioxidant activities of
foam-mat dried rice bean hydrolysate obtained from this research would provide
meaningful information for a new opportunity to use foam-mat dried rice bean
hydrolysate as functional ingredients which improve the quality and health benefits of

food products.



CHAPTER II
LITERATURE REVIEW

2.1 Rice bean

Rice bean (Vigna umbellata) is in the same genus as mung bean (Vigna radiata),
azuki bean (Vigna angularis) and black bean (Vigna mungo). It is a small edible beans,
6-8 mm seed with a concave hilum, and varies in color from greenish-yellow to black.
However, the dominant color is red and yellow. It has been reported that rice bean is
resistant to pests and diseases during storage and shows higher percentage of seed
viability than mung bean and black bean (Mukherjee and Sarkar, 1991).

2.1.1 Rice bean in Thailand

Rice bean is grown in various tropical countries such as India, China, the
Philippines and Thailand. In Thailand, it is mainly cultivated in Eastern and North-
eastern regions. It is also used for mixed-cropping. The growing season in Thailand is
during May and August. Rice bean is one of economically important agricultural
produces in Thailand. In 2014, the export value for rice bean was 385 million baht for
the amount of 2,700-3,200 metric ton (Thailand Foreign Agricultural Trade Statistics,
2014). Rice bean seeds have been used for making pastry filling, and traditional Thai

desserts.

2.1.2 Chemical composition

The dry seed of rice bean is a good source of protein. The amino acid
composition of rice bean is well balanced for human consumption. Rice bean is
particularly rich in methionine compared to black bean and mung bean. The content of
lysine, tyrosine and valine is more or less equal to the content of comparable bean
species. Moreover, they are good source of minerals and vitamin B (Andersen, 2007;
Yao et al., 2012). Katoch (2013) reported the chemical composition of 16 rice bean
genotypes collected from India as follows: crude protein (23.17-25.57%), lipids (1.92-
3.42%), dietary fiber (4.11-5.56%), carbohydrate (52.23-55.65%), ascorbic acid
(15.14-29.19 mg 100 g*) and niacin (3.48-4.28 mg 100 g?). Rice bean also contains
phenolic compounds which exhibit an antioxidant activity. Yao et al. (2012) reported

that different varieties of rice bean from China had significant differences in total



phenolic and flavonoid contents with values ranging from 3.27-6.43 mg gallic acid
equivalents g** and 55.95-320.39 ug catechin equivalents g, respectively. Vitexin was

the dominant phenolic compound in all studied rice beans.

2.2 Germination
Germination in seed is defined as the sequential series of morphogenetic events

that result in the transformation of an embryo into a seedling (Berlyn, 1972).

2.2.1 Physico-chemical changes during germination

The germination of legume seed causes biochemical changes such as synthesis
of amino acids, peptides and structural proteins including breakdown of seed-storage
compounds. These processes affect nutritional value of legume seed. Ghavidel and
Prakash (2007) reported that 24-hour germination caused a significant increase in
protein and thiamin levels of all legume samples tested (Phaseolus aureus, Vigna
catjang, Lens culinaris and Cicer arietinum), while phytic acid and tannin were reduced
by 18-21% and 20-38%, respectively. Germination also causes an increase in
bioactive compounds such as phenolic compounds, vitamins C and E, considered
beneficial as antioxidants. Fernandez-Orozco et al. (2008) studied vitamins C and E,
and total phenolic content of 7-day germinated mung bean (Vigna radiata) and two
cultivars of soybean seeds (Glycine max cv. jutro and Glycine max cv. merit) after
germination at 4 and 6 days, respectively. The results showed that vitamin C of mung
bean seed increased (p<0.05) while no change was observed in sprouts of Glycine max
cv. jutro. Anincrease in vitamin C was observed after 5 days of germination in Glycine
max cv. merit. Phenolic compounds and vitamin E of mung bean and soybean
significantly increased after germination. Wongsiri, Ohshima and Duangmal (2015)
reported that during 24 hours of germination total phenolic content, crude protein
content and amino acid content of germinated mung bean significantly increased with
increasing germination period.

In natural environment, seed-sprouting survives during germination by
enhancing its defensive response through phenolic biosynthesis and phenolic
compounds considering beneficial as antioxidants (Randhir, Lin and Shetty, 2004).

Pajak et al. (2014) reported that total phenolics and total flavonoids content of 5-day



germinated mung bean were 10.7 and 2.3 times higher than those of non-germinated
mung bean seeds.

The process of seed germination is complex and can be affected by internal and
environmental factors. These factors are necessary for seed germination in plants. The
major internal factors are seed viability, genotype and seed maturation. The most
important environmental factors are moisture, gas, temperature and light. Moreover,
other factors such as chemicals can affect the germination of seed. Some chemical
substances (e.g. potassium nitrite, thiourea, etc.) and some hormones such as
gibberellins and cytokinins promote seed germination (Mayer and Poljakoff-Mayber,
1982)

2.2.2 Environmental stress on germination

The germination of seed under stress condition is different from normal
condition. Plants show many adaptive strategies in response to different stress such as
high osmotic pressure, water deficit, cold, heat and high salt, which ultimately affect
plant growth and productivity. The reactions of plants to environmental stresses are
complex and involve many kinds of physiological and biochemical responses (Dubey,
1999). Gill et al. (2002) studied germination of sorghum seed (Sorghum bicolor) on the
filter sheets moistened with osmotic solution (0.75 M mannitol solution, -1.86 MPa)
for 14 hours. The total sugar and reducing sugar content of germinated sorghum was
markedly increased after 14 hours of germination. The increase of soluble sugar seems
to play an important role in osmotic regulation of cell during germination of seed. Esen
et al. (2012) found that 10 days of germination of Gypsophila oblanceolata (salt-
tolerant plant) in distilled water containing 300 mM NacCl caused a significant increase
in activity of antioxidant enzymes (superoxide dismutase, catalase and peroxidase).
These enzymes may help plant cells to avoid oxidative damage during germination.

Pretreatment seed with acid can cause an acidic stress. The acidic stress is
defined as the adaptation of plant to growth in a low pH environment. Plants response
to acidic stress through different types of defense strategies (e.g. genetic adaptation,
enzymatic biosynthesis) in order to maintain the functions of cells. However, the
response to acidic stress of plant is depending on its species (Wilkinson, 1994). Acid
enhances the germination of seed. The acid-growth hypothesis postulates that the cell

wall loosening is induced by cell wall acidification as prerequisite of growth promotion,



resulting in a release of free phenolics from plant cells (Rayle and Cleland, 1992;
Obroucheva, 1999). Pretreatment with acid before germination affects physiological
and biochemical responses of seed during germination. McCue et al. (2000) reported
that pretreatment of green pea seeds (Pisum sativum) with acidified water (pH 3) for 24
hours before germination caused a 13.59% and 7.69% increase in total phenolic content
and protein content, respectively, compared to that of non-treated pea.

Citric acid is a weak organic acid commonly used in food, cosmetic and
pharmaceutical industries. The parent base of citric acid, citrate, is a component of the
Krebs cycle, and occurs naturally during metabolism in all living organisms
(Anastassiadis et al., 2008). Pretreatment with citric acid at low concentration has been
shown to enhance germination of seeds from various plant species such as arizona
cypress (Cupressus arizonica) (Goggans, Jones and Lynch, 1974), montezuma cypress
(Taxodium distichum) (Denny and Arnold, 2007), wild cherry (Prunus avium) (Esen,
Giines and Yildiz, 2009), bald-cypress (Taxodium distichum) (Popovic¢ et al., 2012) and
green dammer tree (Shorea tumbuggaia ROXB.) (Ankanna and Savithramma, 2012).
However, investigation concerning the effect of citric acid on acidic stress of bean has

not been reported in the literature.
2.3 Protein hydrolysate

2.3.1 Modification of protein using enzymatic hydrolysis

Rice bean is a potential source of protein as it contains 23.17-25.57% of protein
(Katoch, 2013). Opportunities to use proteins in their natural state form often limited
by native properties of the proteins. The modification of proteins is an effective way to
modify the functional properties, resulting in alternative uses of protein. Compared with
acid or alkali hydrolysis, enzymatic hydrolysis of protein using selective proteases
provides more moderate condition of the hydrolysis process and fewer or less
undesirable side reactions/products. Enzymatic hydrolysis is performed via utilizing
proteolytic enzyme to hydrolyse peptide bond. This process changes the conformation
and structure of native protein and consequently changes its physicochemical and
functional properties including antioxidant activity (Kristinsson and Rasco, 2000).

Proteolytic enzymes maybe classified into 2 groups: endo-proteases and exo-

proteases. Endo-proteases hydrolyse internal peptide bond in a polypeptide chain



producing a range of polypeptides, which differs in molecular weight, depending on the
extent of hydrolysis. Exoproteases remove amino acid from either the N-terminal or the
C-terminal of a peptide chain. A wide variety of commercial proteolytic enzymes are
useful in the preparation of protein hydolysates. Commercial sources of enzymes can
be obtained from plants, animal tissue, and microorganism. Among of three sources,
enzymes from microorganism are preferred because they are cheaper, more controllable
with less harmful component (e.g. endogenous enzyme inhibitor, phenolic, etc.)
(Araglou, 2009). Examples of commercial proteolytic enzyme commonly used in food
industries are Alcalase® from Bacillus licheniformis, Neutrase® from Bacillus
amyloliquefaciens and Flavourzyme® from Aspergillus oryzae (Nielsen, 2010).

Protein hydrolysates consist of complex mixtures of free amino acids and
peptides with different chain length. The degree which a protein has been hydrolysed
is a reflection of the number of peptide bonds broken. The number of peptide bonds
broken as a proportion of the total number of peptide bonds present is defined as the
degree of hydrolysis (DH). The DH is most commonly assigned to follow the reaction
kinetics of enzymatic hydrolysis and to describe the extent of the hydrolytic degradation
of food proteins. Several methods have been used for determining DH; the most
commonly used methods include the pH-stat, o-phthaldialdehyde (OPA), formol
titration and trinitrobenzenesulfonic acid (TNBS) method (Rutherfurd, 2010).

The application of modified protein with different DH in food product is
dependent on its functional properties and the objective of utilization. The properties
of modified protein can be monitored through degree of hydrolysis (DH). Limited
proteolysis, commonly at 1-10% DH, causes a change in conformation, molecular
weight distribution, stability, flexibility and interfacial properties of modified protein.
It has been reported that limited hydrolysis can improve some functional properties by
enhancing solubility and associated surface properties related to the feasibility of the
formation and stabilization of air-water and oil-water interfaces, which are important
properties in food product applications (Guan et al., 2007; Yust et al., 2012). Extensive
proteolysis, having higher DH, requires higher concentration of enzyme or longer
period of hydrolysis time. The obtained product contains a wide range of peptides with
different molecular weight and free amino acids compared to limited proteolysis. The
extensive hydrolysis provides nutritional and therapeutic properties are based on the



absorption of peptides. The bioactive peptide derived from protein hydrolysis have
shown various biological activities including antioxidant activity, antimicrobial,
immunomodulatory, antithrombotic and antihypertensive effects. The extensive
proteolysis also lead to a release of phenolic compounds from protein-phenolic
complexes, due to changing of hydrophobic behavior of protein, which can enhance the
antioxidant activities of product. Moreover, it can be used as function foods, additive
supplement with beneficial effect on human health (Hartmann and Meisel, 2007,
Malaguti et al., 2014).

2.3.2 Antioxidant activity of protein hydrolysate

In human, oxidative stress usually plays the role of a promoter of chronic
diseases. To prevent oxidative stress and its deleterious effects, synthetic and natural
antioxidants are commonly used in foods and medicine (Rice-Evans and Diplock,
1993). Enzymatically-modified proteins may serve as natural sources of antioxidants.
The extensive protein hydrolysate from bean consists of amino acids, peptides and
phenolics which are considered to have high antioxidant activity. The most reactive
amino acids tend to be those containing nucleophilic sulfur containing side chains
(cysteine, methionine) or aromatic side chains (tryptophan, tyrosine, and
phenylalanine) which its hydrogen atom is easy to be removed. Moreover, imidazole-
containing side chain of histidine is also oxidatively labile.

Peptides show antioxidant activity through different mechanisms, depending on
their amino acid composition and their amino acid sequences (Sarmadi and Ismail,
2010). The different antioxidant mechanism of peptide is shown in Figure 2.1

Phenolic compound (POH) acts as a free radical acceptor and a chain breaker
by rapid donating hydrogen and electrons to stabilise free radicals (R-). The phenoxy
radical intermediates (PO-) are stable due to resonance delocalization of unpaired
electrons around the aromatic ring (equation 2.1). These intermediates also act as the
terminator of propagation route by reacting with other free radicals (equation 2.2) (Dai
and Mumper, 2010).

R- + POH — RH + PO- (2.1)

PO- + R- — POR (2.2)



Oxidation in food is complex and involving different oxidative processes,
therefore, evaluating mechanism of an antioxidant requires a variety of analytical
techniques. The mechanism of the assay is based on two reactions: (1) hydrogen atom
transfer reaction (HAT) and (2) single electron transfer reaction (SET) (Prior, Wu and
Schaich, 2005).

© amino acid . o PN
L lipid o0
R protein side chain group )

Figure 2.1 Antioxidant mechanism of peptide. (1) metal chelation; (2) radical

scavenging; and (3) physical hindrance
Source: Xiong (2010)

The HAT-based assay includes oxygen radical absorbance capacity (ORAC)
and total radical-trapping antioxidant parameter (TRAP) assays. These assays measure
the capacity of an antioxidant (AH) to quench free radicals (R") by hydrogen atom
donation (equation 2.3) (Prior et al., 2005).

R-+AH - RH+A- (2.3)

SET-based assay includes trolox equivalent antioxidant capacity (TEAC) and
ferric ion reducing antioxidant power (FRAP). These assays measure the reducing
capacity of the antioxidant (AH) by provides an electron to the free radical (R") as
shown in equation 2.4 (Prior et al., 2005).

R-+AH — R+ AH" (2.4)
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However, some methods such as 1,1-diphenylpicrylhydrazyl (DPPH) radical
scavenging activity can exhibit both SET and HAT mechanisms because this indicator
radical may be neutralised either by direct reduction via electron transfers or by radical
quenching via hydrogen atom transfer (Prior et al., 2005).

In this study, colorimetric method (DPPH radical scavenging activity and
FRPP) and electron spin resonance (ESR) method are used for determining antioxidant

activity of protein hydrolysate.

DPPH is a stable free radical with one unpaired electron. Its deep violet color,
showing maximum absorbance at 515 nm, is used for monitoring the radical scavenging
activity of an antioxidant. The decolorization of DPPH radicals during the assay is an
indication of antioxidant ability to reduce DPPH radical (Brand-Williams, Cuvelier and
Berset, 1995).

FRAP measures the ability of antioxidant to reduce the ferric ion complex
[Fe(111)-(TPTZ)2]* to form blue color of ferrous complex [Fe(I1)-(TPTZ)2]** which

shows maximum absorbance at 593 nm (Benzie and Strain, 1996).

Electron spin resonance (ESR) spectroscopy has become a powerful and direct
method to detect free radicals. This method is based on the measurement of transitions
of unpaired electrons in a magnetic field, which can detect and identify molecules that
have unpaired electrons, such as free radicals. ESR is a technique with high sensitivity
and free of interferences from others components such as pigments. ESR allows for
detection of low concentration radicals (DPPH, superoxide and hydroxyl) in peptide
fractions obtaind from whey protein hydrolysate (Peng, Xiong and Kong, 2009).
Mendis, Rajapakse and Kim (2005) evaluated the superoxide, carbon-centered and
DPPH scavenging activities of fish skin gelatin hydrolysate using ESR. The results

showed a strong radical scavenging activity of extract by quenching all radicals.

2.4 Foam-mat drying

Drying of foods is one of common methods of preservation. Drying is a process
of evaporation of moisture from the surface of food materials into the surrounding air.
This process can reduce water activity and extend a shelf life of food product. In thermal

drying process, both of heat transfer (heat transfer from surrounding environment
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evaporates the surface moisture) and mass transfer (transfer of internal moisture to the
surface) occur simultaneously (Mujumdar, 2006). The liquid food can be dried in
several ways, for example, using a tray dryer, drum dryer and spray dryer. However,
these methods may result in some disadvantages such as denaturation of proteins and
low rehydration property. Even though freeze-drying yields in high quality product, the
high cost associated with investment and operation is its major limitation (Chandrasekar
etal., 2015).

2.4.1 Principle of foam-mat drying

Foam-mat drying is a process in which a liquid or semi-solid material is
transformed into a stable foam by incorporation of foaming agent into liquid food with
subsequent whipping to stiff foam. The foam is then spread as a thin sheet and dried in
an air stream. This drying method increases the drying rate by making more porous of
materials, thus allowing rapid moisture movement within the materials. The product
can be dried rapidly without losing much of its nutritional values (Rajkumar et al.,
2007). Kadam et al. (2012) studied foam-mat drying on quality of tomato powder
prepared from tomato juice. They observed that using carboxy methyl cellulose at 1%
(ww™?) and drying temperature at 85 °C gave the best optimum condition for foam-mat
drying tomato juice because a decline in ascorbic acid content and lycopene content
were lower than other conditions; no fungal and bacterial growth were detected in the
final product. Generally foam material can be dried faster than that of non-foamed ones.
Foam-mat drying is the method that showed high drying efficiency and low energy
consumption. Kudra and Ratti (2006) reported that drying efficiency of foamed apple
juice is almost 2 times higher than that of non-foamed juice, while the energy
consumption for dry foamed juice just is just 0.2 of that of non-foamed.

2.4.2 Drying kinetics

Drying is normally measured and expressed by moisture content or drying rate
over time. The drying kinetics of foam-mat can be described using an appropriate
drying model. Because of thin structure of foam, the temperature distribution is easily
assumed as uniform, thus thin-layer drying models are suitable for describing its drying
kinetics (Venkatachalam, John and Kuppuswamy, 2015). Thin-layer drying models
can be grouped into theoretical, semi-theoretical, and empirical models.
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Theoretical model is based on diffusion equation of heat or mass transfer which

accounts only the internal resistance of moisture movement to the surface. Theoretical
model is derived from Fick’s model second law of diffusion. The solution for an infinite

slab is presented in equation 2.5 (Crank, 1975).

M—Meqg _ 8 oo 1 (2i-1)2m2 Dot

MR= == X
Mg—Meq  m2 1—1(2i—1)2e ( 4 22)

(2.5)

where, M is the instantaneous moisture content (wb); Me is the equilibrium
moisture content (wb); Mo is the initial moisture content (wb); t is the time (min); MR

is the moisture ratio; Des is the effective diffusivity (mm? min™); z is thickness (mm).

Semi-theoretical models is generally classified according to their derivation.
These models can divided into two groups as the models that are derived by analogues
with Newton’s law of cooling, such as Newton and Page model, and the models that
are derived from Fick’s second law of diffusion. The models derived from Fick’s
second law of diffusion can be classified into three groups. The first group is single
term exponential model and its modified forms such as Henderson and Pabis,
logarithmic and Midilli model. The second group is two term exponential model and
its modified forms such as two-term model. The third group is three term exponential
model such as modified Henderson and Pabis model. The equation of these models are

shown in Table 2.1.

The empirical models tends to have similar characteristics to semi-theoretical
models. However, they use experimental data and fits them to different mathematical
equations. These models strongly depend on the experimental condition (Erbay and
Icier, 2010). The examples of empirical models are Wang and Singh, and Weibull
distribution. The equation of these models shown in Table 2.1

Wilson et al. (2012) studied foam-mat drying characteristics of mango
(Mangifera indica L.) pulp. They found that among seven thin layer drying equations
(Newton, Henderson and Pabis, logarithmic, two-term, two-term exponential, Wang
and Singh, and diffusion approach model), Wang and Singh model was found to be the
best fit with coefficient of determination (r?) higher than 0.99 at drying temperatures

of 65 and 85 °C. However, the suitable models for describe the drying at 75 °C were
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Logarithmic and diffusion approach model. Salahi, Mohebbi and Taghizadeh (2015)
reported that Weibull distribution model is the most suitable model to describe drying
characteristics of foam-mat dried cantoloupe (Cucumis melo) compared to other models
(Newton, Page, Henderson and Pabis, two-term, modified Henderson and Pabis,

logarithmic, Wang and Sing, approximation of diffusion and Midilli).

Table 2.1 Semi-theoretical and empirical models fitted to the moisture ratio (MR)

values

Model Model equation References

Semi-theoretical models

Derived by analogues with Newton’s law of cooling

Newton MR = exp(-kt) Lewis (1921)
Page MR = exp(-kt") Page (1949)

Derived from Fick’s second law of diffusion

Henderson and Pabis MR = aexp(-kt) Henderson and Pabis
(1961)

Logarithmic MR = aexp(-kt) + ¢ Chandra and Singh (1995)

Midilli MR = aexp(-kt") + bt  Midilli, Kucuk and Yapar
(2002)

Two-term MR = aexp(-bt) + Henderson (1974)

cexp(-dt)
Modified Henderson and MR = aexp(-kt) + Karathanos (1999)
Pabis bexp(-gt) + cexp(-ht)

Empirical models
Wang and Singh MR =1 + at + bt? Wang and Singh (1978)

Weibull distribution MR = a- bexp(-kt") Babalis et al. (2006)
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2.4.3 Quality of foam-mat dried product

Foam-mat drying process affect the physicochemical and microbial
characteristics of foam-mat dried product. The amount of foaming agent, whipping
time, foam thickness and drying temperature affected the quality of final dried product.
Kadam, Wilson and Kaur (2010) studied effect of drying temperature (65, 75 and 85
°C), using milk as foaming agent at different concentration (0%, 10%, 15%, 20% and
25%) on chemical properties of foam-mat dried mango (Mangifera indica L.) pulp. The
result showed that ascorbic acid and total carotenes tended to decrease with increasing
in drying air temperature and concentration of foaming agent. There was no microbial
load detected in all foam-mat dried mango. Heat involved during foam mat drying
process have some detrimental effect on quality of dried product (Venkatachalam et al.,
2015). However, higher drying rate with lesser drying time in foam mat drying
compared to normal air drying yielded in foam-mat dried products with high retention
of color, flavor, vitamins and sensory characteristics (Kadam and Balasubramanian,
2011).



CHAPTER Il
MATERIALS AND METHODS

3.1 Materials and Equipment
3.1.1 Raw materials

The same lot of rice bean seeds (Vigna umbellata) obtained from Choomsin
Food Industry Co., Ltd. (Bangkok, Thailand) in the harvest year of 2014, moisture

content of approximately 7% dry basis, was used.

3.1.2 Enzymes

a-Amylase (BAN® 240L), Food grade (Sigma, Milheim, Germany). The
specific activity of BAN® 240L is 529 kilo novo units (KNU) g, which KNU is defined
as the amount of enzyme that hydrolyses 5.26 g of starch per hour at Novo’s standard
method.

Protease (Flavourzyme® 500L), Food grade (Sigma, Miilheim, Germany). The
specific activity of Flavourzyme® is 1,160 leucine aminopeptidase units (LAPU) g,
which is defined as the amount of enzyme that hydrolyses 1 pmol of leucine-p-

nitroanilide per minute.

3.1.3 Chemicals

AccQ.fluor™ reagent kit  HPLC grade Water MA, USA

Acetic acid HPLC grade Sigma Milheim, Germany
Acetonitrile HPLC grade Sigma Milheim, Germany
Aluminium chloride A.R.grade Sigma Milheim, Germany
Amino acid hydrolysate HPLC grade Thermo MA, USA

standard scientific

Ammonium molybdate A.R.grade  Univar NSW, australia



2,2'-Azobis (2-

amidinopropane)

dihydrochloride (AAPH)

Bromocresol green

Caffeic acid
Calcium chloride
Catechin

Catechol
Trichloroacetic acid

trans-Cinnamic acid

Coomassie brilliant blue R-

250

Copper (I1) sulfate
pentahydrate

p-Courmaric acid
Epicatechin
Ferulic acid

Folin-Ciocalteu phenol
reagent

Formic acid
Gallic acid
D-Glucose
Glycerol
Glycine

Hydrochloric acid

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR

AR

AR.

AR.

grade

grade

grade
grade
grade
grade
grade
grade

grade

grade

grade
grade
grade

grade

grade

grade

. grade

. grade

grade

grade

Sigma

Carlo Erba

Sigma
Univar
Sigma
Sigma
Carlo Erba
Sigma

Panreac

Merck

Sigma
Sigma
Sigma

Carlo Erba

Sigma

Fluka Chemika

Univar
Univar
Vivantis

J.T. Baker

Milheim, Germany

Val de Reuil,

France

St. Louis, USA
NSW, Australia
St. Louis, USA
St. Louis, USA
Milan, Italy

St. Louis, USA

Barcelona, Spain

Darmstadt,

Germany

St. Louis, USA
St. Louis, USA
St. Louis, USA

Milan, Italy

St. Louis, USA
Buchs, Switzerland
NSW, Australia
NSW, Australia
CA JUSA

PA, USA



Hydrocinnamic acid
Hydrogen peroxide
4-Hydroxybenzoic acid

6-Hydroxy-2,5,7,8-
tetramethyl

chroman-2-carboxylic acid

(Trolox®)
Iron (111) chloride

Iron (11) chloride

tetrahydrate

Methanol

5,5-dimethyl-1-pyroline-N-

oxide (DMPO)

Tetramethylethylenediamin

e (TEMED)

Methyl red

Naringenin

2,4,6-
trinitrobenzenesulfonic

acid
Petroleum ether

2,2-diphenyl-1-
picrylhydrazyl

(DPPH)

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

grade
grade
grade

grade

grade

grade

grade

grade

grade

grade

grade

grade

grade

grade

Sigma
Sigma
ACROS

Sigma

Sigma

Merck

Quality Reagent

Chemical

Sigma

Carlo Erba

Merck

LKT Laboratories

Sigma

Carlo Erba

Sigma
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St. Louis, USA
Milheim, Germany
NJ, USA

Milheim, Germany

Milheim, Germany

Darmstadt,

Germany

Auckland, New
Zealand

Milheim, Germany

Milan, Italy

Darmstadt,

Germany
St. Paul, USA

Milheim, Germany

Milan, Italy

Milheim, Germany



a-(4-pirydryl-1-oxide)-N-

tert-butylnitrone (4-POBN)

Potassium hydrogen
phthalate

2,4,6-tripyridyl-s-triazine
(TPTZ)

Rutin

Selenium reagent mixture

Sodium acetate

Sodium carbonate

Sodium dihydrogen
orthophosphate

Sodium dodecyl sulfate
Sodium dodecyl sulphate

di-Sodium hydrogen
arsenate heptahydrate

Sodium hydrogen

carbonate

di-sodium hydrogen

orthophosphate

di-sodium hydrogen

phosphate
Sodium hydroxide

Sodium sulphate

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR

grade

grade

grade

grade

grade

grade

grade

grade

grade
grade

grade

grade

grade

grade

grade

. grade

Sigma

Carlo Erba

Sigma

ACROS

Merck

Univar

Univar

Univar

Vivantis, USA

Sigma

Fluka Chemika

Merck

Univar

Univar

Univar

Carlo Erba
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Milheim, Germany

Milan, Italy

Milheim, Germany

NJ, USA

Darmstadt,

Germany
NSW, Australia

NSW, Australia

NSW, Australia

CA JUSA
Milheim, Germany

Buchs, Switzerland

Darmstadt,

Germany

NSW, Australia

NSW, Australia

NSW, Australia

Val de Reuil,

France
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Sulphuric acid 98% AR.grade Quality Reagent Auckland, New
Chemical Zealand
Trisma™ base AR.grade Vivantis CA ,USA
L-tyrosine A.R.grade  Univar NSW, Australia
Quercetin A.R.grade Sigma St. Louis, USA
Vanillin A.R.grade Sigma St. Louis, USA

3.1.4 Equipment

Refrigerated centrifuge (Universal 32 centrifuge, DJB Labcare Ltd.,
Buckinghamshire, UK)

Electronic balance (2 digit) (Sartorius model BP 310s, Goéttingen, Germany)
Electronic balance (4 digit) (Sartorius model BSA 2245, Goéttingen, Germany)

Electron spin resonance spectrometer (JES-TE300 model, JEOL Ltd., Tokyo,
Japan)

High Performance Liquid Chromatography (HPLC) system for amino acid
analysis (Waters, MA, USA)

- Auto sampler (Waters model 717, MA, USA)

- Waters AccQ.Tag amino acid analysis column 5 pum, 3.9 mm x 150
mm (Waters, MA, USA)

- UV/VIS detector (Waters model 2487, MA, USA)
- Pump (Waters 515 HPLC pump, MA, USA)

High Performance Liquid Chromatography (HPLC) system for phenolics

analysis (Shimadzu, Kyoto, Japan)
- Auto sampler (SIL-20A, Shimadzu, Kyoto, Japan)

- A Gemini C18 column 5 pum, 4.6 mm x 250 mm (Phenomenex,
Macclesfield, Cheshire, UK)

- Photodiode array detector (SPD-20A, Shimadzu, Kyoto, Japan)
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- Pump (LC-20AD, Shimadzu, Kyoto, Japan)
Hot air oven (FD 240 Binder, Tuttlingen, Germany)
Liquid Chromatography-Mass Spectrometry (LC-MS)

- Luna C18 column (2.1 x 150 mm, 3 um) (Phenomenex, CA, USA)
- mass spectrometry (Bruker amaZon SL, IL, USA)

Magnetic stirrer (Steroma G, Steroglass, Perugia, Italy)
pH meter (Cyberscan 1000, Eutech, Singapore)
Protein and nitrogen analyser
- Digestion unit (BUCHI model K-424, Flawil, Switzerland)
- Scrubber unit (BUCHI model B-414, Flawil, Switzerland)
- Distillation unit (BUCHI model B-324, Flawil, Switzerland)
Scanning electron microscope (JEOL, JSM-5410LV, Tokyo, Japan)

Solid phase extraction column (Isolute® C18 end-capped (EC), Biotage,

Uppsala Sweden)

Spectrophotometer (Genesys 20 spectrophotometer 4001/4, Thermo Fisher
Scientific, MA, USA)

Ultrafiltration membrane 3 kDa molecular weight cutoff (PES) (Vivaflow 50

module, Sartorius AG, Goéttingen, Germany).
Vortex mixer (Vortex-Genie 2, Scientific Industries, NY, USA)
Water activity meter (AqualLab, model AquaLink 3.0, WA, USA)

Water bath (Gesellschaft flir modell GFL 1092, Burgwedel, Germany)
3.2 Experimental procedures

3.2.1 Effect of pretreatment and germination period on chemical composition of
germinated rice bean

Dried rice bean seeds were soaked in tap water (1:10, w:v) containing 1%

(w v1) citric acid, as a pretreatment, at room temperature (30+1 °C) for 6 h. After being
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drained for 5 min, seeds were allowed to germinate under a wet muslin cloth at room
temperature in the dark. Rice bean seeds soaked in tap water without citric acid and
germinated under the same condition were used as the control. Both of the pretreated
rice bean seed and the control were randomly selected at 0, 6, 12, 18 and 24 hours of
germination, and then steamed for 10 min to stop the germination process before

chemical analysis as follows:
3.2.1.1 Proximate analysis of germinated rice bean was conducted as follows:

- Moisture content of germinated rice bean was determined using the
oven-dry method, 5 g of ground sample was dried in an oven (Memmert model W350,
Schwabach, Germany) at 105 °C to a constant weight (AOAC, 2006).

- Crude protein of germinated rice bean was calculated from the content
of nitrogen determined by Kjeldahl method (AOAC, 2006) with a nitrogen-to-protein

conversion of 6.25.

- Crude fat of germinated rice bean was determined using Soxhlet
extraction method. Dried ground sample (2 g) was semi-continuously extracted with
petroleum ether using Soxhlet extraction apparatus for 6 h. The solvent was evaporated
by vacuum condenser. The extracted fat was then dried in an oven at 105 °C for 30
minutes and allowed to cool to room temperature in a desiccator. The dry weight of the

content was used to calculate percentage of fat in the sample (AOAC, 2006).

- Ash content of germinated rice bean was determined according to
(AOAC, 2006). Ground sample (2 g) was burned in the furnace (Carbolite, model
CWF1200, Sheffield, UK) at 550 °C for 12-18 h. When the residue turns to white, it is
then cooled to room temperature in a desiccator and weighed. If not turn to white, return
the residue to the furnace for further ashing.

- Carbohydrate content of germinated rice bean was determined by

subtracting the total percentage compositions of protein, fat, and ash contents from 100.
3.2.1.2 Total phenolic content

Germinated rice beans were ground using a Waring blender (Waring
Commercial, UK) at high speed for 3 min. The samples were extracted according to the
method of Saeed, Khan and Shabbir (2012) by using 95% methanol (1:10, w:v) at 30°C
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in a shaking water bath (Gesellschaft furmodel GFL 1092, Burgwedel, Germany) at
200 rpm for 2 h. After centrifugation at 10,000 x g for 10 min, the supernatant was
filtered through Whatman No.1 filter paper. The extract was subjected to total phenolic
content determination, expressed as mg of gallic acid equivalents per gram of rice bean
(dry basis, d.b.), using Folin-Ciocalteu reagent (Waterhouse, 2005) as stated in
Appendix A.1.

3.2.1.3 Reducing sugar content

The ground germinated rice bean was extracted with distilled water
(1:10, w:v) at 30 °C in a shaking water bath (Gesellschaft firmodel GFL 1092,
Burgwedel, Germany) at 200 rpm for 2 h. After centrifugation at 10,000 x g for 10 min,
the supernatant was filtered through Whatman No.1 filter paper. The extract was
subjected to reducing sugar content determination, expressed as mg glucose per gram
of rice bean (d.b.), according to the method described by Fournier (2005) as stated in
Appendix A.2.

3.2.1.4 Protein nitrogen and non-protein nitrogen content

Protein nitrogen (nitrogen from protein and polypeptide) content in all
samples was determined according to method of Wongsiri et al. (2015). The ground
sample (30 g) was solubilised in 180 ml of 0.1 M NaOH solution, stirred for 5 min
every 15 min for 2 h, and centrifuged at 12,000xg for 5 min. The precipitate was mixed
with 90 ml of 0.1 M NaOH solution and extracted again using the same procedure. This
supernatant was pooled with the first supernatant. The collected supernatant was added
by 72% (w v1) trichloroacetic acid (TCA) to give a final concentration of 10% (w v?)
TCA and left for 30 min at room temperature with occasional shaking prior to
centrifuge at 12,000xg for 20 min. The precipitate was washed with 5 ml ethyl ether
and dried for 1 h at 105 °C and weighted. Nitrogen content of the precipitate was then
determined using the Kjeldahl method (AOAC, 2006). The non-protein nitrogen (NPN,
nitrogen from oligopeptide and free amino acids) in all sample was estimated as the
difference between total nitrogen content and protein nitrogen content (Periago et al.,
1996).
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3.2.1.5 TCA-soluble peptide content

TCA-soluble peptide content of germinated rice bean was determined
according to the method of Kudre and Benjakul (2013). Ground germinated rice bean
(3 g) was mixed with 27 ml of cold 5% (w v!) TCA. The mixture was continuously
stirred for 2 min before being allowed to stand in ice for 1 h. After centrifugation at
10,000 x g for 10 min, the supernatant was then filtered through Whatman no.1 filter
paper. TCA soluble peptide content in the supernatant was measured according to the
Lowry method (Lowry et al., 1951) and expressed as g tyrosine per 100 g of rice bean
(d.b.).

3.2.1.6 Free amino acid content

Free amino acid content of germinated rice bean was analysed using
High Performance Liquid Chromatography (HPLC) according to AccQ.Tag method
(Astephen, 1993) modified by Wongsiri et al. (2015). The extraction of free amino
acid of germinated rice bean was measured using the same method as the extraction of
TCA-soluble peptide content in Section 3.2.1.5. After centrifugation at 10,000 x g for
10 min, the supernatant was adjusted to pH 2.0-3.0 with 1.0 N NaOH to optimize the
derivatization reaction. All samples were then filtered through 0.45um nylon filter and
derivatized at 55 °C with AccQ.Tag solution for 10 min. After derivatization, a 10 pl of
derivatized of each sample was injected to the Water AccQ.Tag amino acid analysis
column with 3.9 mm i.d. x 150 mm (Waters, MA, USA) equipped with Waters 2487
dual wavelength absorbance detector (Waters, MA, USA) set at 254 nm. The
temperature of the column was set at 37 °C. Mobile phase was the gradient of
AccQ.Tag Eluent A solution (AccQ.Tag Eluent A and Milli-Q water at the ratio of 1:10,
v:v) (mobile phase A) and 60% acetonitrile (mobile phase B) with the flow rate of 1.0
ml mint. The gradient condition were as follows; 0-2% B over first 0.5 min, 7% B at
15 min, 10% B at 19 min, 20% B at 28 min, 28% B at 30 min, 32% B at 35 min, 40%
B at 40 min, 100% B at 45 min and return to initial condition for 15 min for next
analysis. Identification and integration of peaks were performed using Empower
software (Water, MA, USA). A known mixture of different amino acids was applied as
external standards (Amino Acid Standard H, Thermo Scientific, MA, USA) ranging
from 10 to 200 pmol. Preparation of standard amino acids was stated in Appendix A.3.
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3.2.1.7 Protein pattern of germinated rice bean

Protein pattern of germinated rice bean was analysed using sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) as described by
Laemmli (1970). The sample was prepared according to the method of Duangmal and
Taluengphol (2010). Three g of ground sample was add to 27 ml of 5% (w v!) SDS
solution. The mixture was then homogenized with a Waring blender for 2 min. The
homogenate was incubated at 80°C in a shaking water bath (Gesellschaft firmodel GFL
1092, Burgwedel, Germany) for 1 h. The sample was then centrifuged at 12,000 x g for
30 min. The protein content in supernatant was determined using the Lowry method
modified by Peterson (1977). The rice bean protein was mixed at 1:1 (v:v) ratio with
the sample treatment buffer (0.5 M Tris-HCL buffer, pH 6.8, containing 4% (w v?)
SDS, 20% (w v1) glycerol, and 0.1% (w v't) bromophenol blue) and boiled for 2 min.
The molecular weight markers (S8445, Sigma, MO, USA) and samples (7 g protein)
were loaded onto the polyacrylamide gel consisting of a 10% (w v'!) separating gel and
4% (w vt stacking gel and subjected to electrophoresis at a content of 20 mA per gel
using a Hoefer mini VE gel electrophoresis unit (Amersham Pharmacia Biotech,
Uppsala, Sweden). After separation the proteins were exposed to Comassie Brilliant
Blue R-250 solution and destained with destaining solution, containing 25% (v v'!) of

ethanol and 10% (v v1) of glacial acetic acid.
3.2.1.8 Antioxidant activities of germinated rice bean

To study the effect of extraction solvents on antioxidant activity of
germinated rice bean, ground sample at different germination stages was extracted with
water or ethanol. The water extract was prepared by adding 100 ml of 0.1 M phosphate
buffer (pH 6.0) to 10 g of ground sample. The mixture was shaken incubated at 30 °C
in a shaking water bath (Gesellschaft firmodel GFL 1092, Burgwedel, Germany) at
200 rpm for 2 h. After being centrifuged at 10,000 x g for 10 min, the supernatant was
filtered through Whatman No.1 filter paper. For the ethanolic extract of germinated
rice bean, the same protocol was repeated with 80% (v v1) ethanol (Lou, Hsu and Ho,
2014). Both water and ethanolic extract were used to measure antioxidant activity as

follows:
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DPPH radical scavenging activity of both extracts was evaluated
according to method of Brand-Williams et al. (1995) as modified by Wongsiri et al.
(2015). A 1.5 ml of extracted sample was added to 1.5 ml of 0.15 mM DPPH in 80%
ethanol solution. The mixture was vigorously vortexed for 1 min and left to stand at
room temperature in the dark for 30 min. The absorbance value of resulting solution
was measured at 517 nm. The standard curve was prepared using Trolox® in the range
of 20-140 uM. The results were calculated and expressed as pmole Trolox® equivalent
per gram of rice bean (d.b.).

FRAP of both extract was determined as described by Benzie and Strain
(1996). The working FRAP reagent was prepared by mixing 25 ml of 300 mM acetate
buffer (pH 3.6) with 2.5 ml of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mM
hydrochloric acid solution and with 2.5 ml of 20 mM ferric chloride solution. A 1900
ul of the working FRAP reagent was incubated at 37°C for 30 min. Then 100 ul of the
extract was added to the FRAP reagent and kept in the dark at room temperature for 30
min. The absorbance was measured at 593 nm. The standard curve was prepared using
Trolox®in the range of 25-300 uM. The results were calculated and expressed as pmole

Trolox® equivalent per gram of rice bean (d.b.).
3.2.1.9 Phenolic composition of germinated rice bean

The water and ethanolic extracts obtaining from both pretreated and
non-pretreated rice bean at 0 and 18 h of germination from Section 3.2.1.8 were used
for determination of phenolic compounds in the germinated rice bean extracts. Phenolic
acid and flavonoid compositions were determined using Liquid Chromatography-Mass
Spectrometry (LC-MS) (Bruker amaZon SL, IL, USA) equipped with an electrospray
ionization (ESI) source. Separation was achieved on a Luna C18 column (2.1 x 150
mm, 3 um) with flow rate 0.3 ml min. The temperature of the column was maintain at
35°C and the injection volume was 10 pl. Mobile phase was the gradient of 1% acetic
acid (mobile phase A) and acetonitrile (mobile phase B). The gradient conditions were
as follows; the initial condition started with 10% B and was increased to 40% B at 15
min. The solvent gradient was held at 40% for additional 5 min, at 30 min gradient was
increased to 60% B and at 60 min gradient was increased to 100% B. It was maintained

at 100% B for an additional 10 min, and returning to the initial condition for 15 min for
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the next analysis. Identification of phenolic acid and flavonoid compositions were
carried out by comparing MS spectra of the unknown peaks with MS data of candidate

molecules registered in the MassBank database (http://www.massbank.jp/).

3.2.2 Effect of hydrolysis period on degree of hydrolysis and antioxidant activity

of germinated rice bean hydrolysate

The pretreated germinated rice bean at the germination period showing the
highest amount of crude protein content and extractable phenolic content from Section
3.2.1 was used as the raw material while non-germinated rice bean without citric acid
pretreatment was used as the control. The sample was blended with Waring blender
then mixed with 0.1 M phosphate buffer (pH 6.0) containing 0.5 g I* CaCl; at a ratio
of 1:2.5 (w:v). In order to prevent pasting of the slurry during heating, 1% (by dry
weight of germinated rice bean) BAN® 240L was added into slurry. The enzyme-added
slurry was heated at 70 °C in a water bath for 2 h., then, heating the slurry up to 85 °C
for 20 min to stop enzyme activity. After being cool down to 50 °C, 5% (by dry weight
of germinated rice bean) Flavourzyme® was added. The reaction was conducted at 50°C
for0, 2, 4,6, 8, 10, 12, 15, 18, 21 and 24 h. Then, the enzyme-added slurry was heated
at 85 °C for 10 min to inactivate enzyme activity. The sample was then cooled down
and centrifuged at 7,000 x g for 10 min. The supernatant was filtered through Whatman
No.1 filter paper then analysed as follows:

3.2.2.1 Free amino group and degree of hydrolysis determination

Free amino group calculated according to the method of Adler-Nissen
(1979). The 0.125 ml of rice bean hydrolysate solution was mixed with 2 ml of 0.2 M
phosphate buffer, pH 8.2, and 2 ml of 0.05% trinitrobenzensluphonic acid (TNBS). The
mixture was incubated at 50°C for 60 min. Then 4 ml of 0.1N hydrochloric acid was
added. After the solution was cooled down to room temperature, the absorbance was
measured at 420 nm. The amount of free amino group was calculated as shown in

equation 3.2.

Absorbance 420 nm X ml oftotal reactant solution

Free amino group = x 106 (3.2)

ex1lcmx gof proteinin the sample

Where &= molar extinction coefficient (20300 M cm™)


http://www.massbank.jp/
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Degree of hydrolysis (DH) of hydrolysate is based on the measurement
of free amino group generated from hydrolysis. The percentage of DH was calculated

as shown in equation 3.3.

0 — (Lt_LO) X
DH (%) TR 100 (3.3)
Where Lo = initial amount of free amino group in the solution
Lt = amount of free amino group in the solution at time t

Lmax = amount of free amino group in the solution after acid hydrolysis

3.2.2.2 Extractable phenolic content

Extractable phenolic content of rice bean hydrolysate was determined using

Folin-Ciocalteu reagent (Waterhouse, 2005) as stated in Section 3.2.1.2.
3.2.2.3 Antioxidant activities

DPPH radical scavenging activity and FRAP of rice bean hydrolysate

samples were analysed using the method as described in Section 3.2.1.8.

Two rice bean hydrolysate samples were chosen for further study. The first
sample was rice bean hydrolysate prepared from germinated rice bean (GRB) showing
the highest amount of total phenolic content and antioxidant activity. The second was
non-germinated rice bean hydrolysate without pretreatment (NGRB) subjected to the

same hydrolysis period, as a comparative study.

3.2.3 Effect of foam-mat drying temperature and germination on drying kinetics and
physico-chemical properties of foam-mat dried rice bean hydrolysate

Rice bean hydrolysate samples prepared from two conditions from Section
3.2.2 were selected for this study. The first sample was germinated rice bean
hydrolysate (GRB) showing the highest amount of extractable phenolic content and
antioxidant activity. For the second, non-germinated rice bean hydrolysate without
citric acid pretreatment (NGRB), as a comparative study.
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3.2.3.1 Effect of foam-mat drying temperature and germination on drying

kinetics of germinated rice bean hydrolysate

Rice bean hydrolysate foam was achieved using an electric whisk for 2
min with addition of 1% (w v!) carboxy methyl cellulose (CMC) to obtain a stable
foam. Foamed rice bean hydrolysate was spread uniformly with thickness of 1 cm on
a stainless steel tray and dried in hot air oven (FD 240 Binder, Tuttlingen, Germany) at
two different air temperatures (60 and 70 °C). The moisture content at the designated
intervals was determined until the weight of the sample is constant. The obtained data
was calculated for drying kinetics. Moisture content of foam during thin-layer drying

was expressed in term of moisture ratio (MR) using equation 3.4.

Mt_ Me

MR = —
Mi_Me

(3.4)

Where Mt = moisture content at a chosen time of drying
Mi = initial moisture content

Me = equilibrium moisture content

The drying rate of foam-mat dried hydrolysate was calculated from the
equation 3.5. The drying rate constant (k) value was determined from the slope values

obtained by plotting In (MR) versus drying time
Drying rate = k [exp(—kt)] X dry solid (3.5)
Where  k = drying constant (h)
t = drying time (h)

To select a suitable model for describing drying process of rice bean
hydrolysate, drying curves were fitted with 9 thin-layer drying mathematic models
which divided into 3 groups that were semi-theoretical model derived by analogues
with Newton’s law of cooling, semi-theoretical model derived from Fick’s second law
of diffusion and empirical model as shown in Table 2.1. The suitability of the fit of the

proposed models was evaluated based on the primary statistic criteria, namely the mean
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residual least square (MRS), root mean square error (RMSE) and correlation coefficient
(r). The model with lowest values of MRS and RMSE and highest values of r was
selected as the best model describing thin-layer drying characteristics of foam-mat dried
rice bean protein hydrolysate.

3.2.3.2 Effect of foam-mat drying temperature and germination on physico-

chemical properties of foam-mat dried rice bean hydrolysates

Rice bean hydrolysate of GRB prepared from Section 3.2.2 was
fractionated into two different fractions using 3 kDa molecular weight cut off
membrane ultrafiltration (Vivaflow 50 module, Sartorius AG, Gottingen, Germany).
The non-fractionated rice bean hydrolysate (RH), ultrafiltration permeate hydrolysate
(UFP) and ultrafiltration retentate hydrolysate (UFR) were then dried at different
temperature (60 and 70 °C) using foam-mat drying technique as described in Section
3.2.3.1. Rice bean hydrolysate of NGRB samples subjected to the same process were
used as a comparative study. All twelve foam-mat dried rice bean hydrolysate obtained

from two drying temperatures were analysed as follows:

(1) Moisture content was determined using the method described in
Section 3.2.1.1.

(2) Water activity was measured using a water activity meter (Aqual.ab,
model AquaLink 3.0, WA, USA).

(3) Microstructure of foam-mat dried rice bean hydrolysate (only foam-
mat dried RH) was studied using a scanning electron microscope (JEOL, JSM-5410LV,
Tokyo, Japan). The sample was covered with gold in a sputter coater (Balzers, model
SCD 040, Vaduz, Liechtenstein); then the sample surface was observed in a scanning
electron microscope at a voltage of 12 kV with 200x of magnification.

(4) Extractable phenolic content of foam-mat dried rice bean
hydrolysate, expressed as mg of gallic acid (GE) equivalents per gram dry weight of
rice bean, was analysed using Folin-Ciocalteu method (Waterhouse, 2005) as stated in
Appendix A.1.

(5) Total flavonoid content of foam-mat dried rice bean hydrolysate,

expressed as mg catechin equivalents (CE) per gram dry weight of rice bean, was
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measured based to aluminum chloride colorimetric assay (Zhishen, Mengcheng and

Jianming, 1999) as stated in Appendix A.4.

(6) Phenolic composition of foam-mat dried rice bean hydrolysate was
determined using High Performance Liquid Chromatography (HPLC) system
(Shimadzu, Kyoto, Japan) consisting of an auto-sampler (SIL-20A, Shimadzu, Kyoto,
Japan), photodiode array with multiple wavelength (SPD-20A) and solvent delivery
module (LC-20AD, Shimadzu, Kyoto, Japan). Separation was achieved on a Gemini
C18 column (4.6 mm x 250 mm, 5 pm) (Phenomenex, Cheshire, UK) at flow rate 0.8
ml min. The temperature of column was maintained at 35°C and the injection volume
was 10 pl. The photodiode array detector was set at wavelengths of 265, 275, 280, 320
and 360 nm. Two-phase gradient system consisting of 0.1% (v v!) formic acid (mobile
phase A) and 70% (v v'*) methanol. (mobile phase B). The gradient condition was as
follows: the initial condition started with 5% B and increased to 10% B at 10 min, 12%
B at 20 min, 30% B at 40 min, 100% at 60 min, held at 100% for 15 min, and return to
initial condition for 5 min before the next analysis. ldentification of phenolic
compounds in sample was done on comparison with standard phenolic compound

running under the same condition.

3.2.3.3 Antioxidant activities of foam-mat dried rice bean hydrolysate and its

membrane ultrafiltration fractions

Foam-mat dried rice bean hydrolysate samples prepared from RH, UFP

and UFR dried at 60 and 70 °C obtained from Section 3.2.3.2 were analysed as follows:
(1) Antioxidant activities measured using colorimetric method.

Antioxidant activities of foam-mat dried RH, UFP and UFR samples
were determined using DPPH radical scavenging activity and FRAP. The solution was
prepared from foam-mat dried rice bean hydrolysate at a concentration range of 0.125
to 2.5 mg dried hydrolysate per ml distilled water. The percentage of DPPH scavenging

activity was calculated according to equation 3.6.

DPPH radical scavenging activity (%) = % x100 (3.6)
0

where Ag = absorbance value of DPPH without sample

A = absorbance value of sample and DPPH
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The antioxidant activity of foam-mat dried rice bean expressed as the
ECso. The ECso of the hydrolysate defined as the concentration of sample that reduces
50% of initial DPPH radical, calculated from the linear regression of plots of percentage
of DPPH scavenging activity against the concentration of the samples. The DPPH
radical scavenging activity was also expressed as pmole Trolox® equivalent per gram
of rice bean (d.b.).

Ferric reducing antioxidant power (FRAP) of foam-mat dried
hydrolysates was measured using the method described in Section 3.2.1.8. The
measurement was performed using 1 mg dried hydrolysate per ml distilled water.

FRAP activity was expressed as umol Trolox® equivalent per gram sample (d.b.).

(2) Antioxidant activities measured using electron spin resonance

(ESR) method
Only foam-mat dried RH samples were used to determine
antioxidant activity using DPPH radical scavenging activity, hydroxyl radical

scavenging activity and carbon-center radical scavenging activity as described below:
(2.1) The DPPH radical scavenging activity

The DPPH radical scavenging activity of foam-mat dried
rice bean hydrolysate was measured following the method of Giri et al. (2011) with a
slight modification. Foam-mat dried rice bean hydrolysate was prepared at the
concentration of 1 mg mI™. A 50 pl of hydrolysate solution was added to 50 ul of DPPH
solution (0.15 mM in 80 %, v v'* ethanol), then mixed thoroughly using a vortex mixer.
The reaction mixture was stored at room temperature in the dark for 15 min, then
transferred into a 20 ul Pyrex® NMR capillary tube. The ESR spectra of DPPH radical
was measured using JES-TE300 electron spin resonance (ESR) spectrometer (JEOL
Ltd., Tokyo, Japan). The ESR spectrometry condition used for the DPPH radical
scavenging activity assay was as follows: microwave power, 1.2 mW; microwave
frequency, 9149.3 MHz; magnetic field, 325.5£25 mT; sweep time, 30 s. DPPH radical
scavenging activity was calculated according to equation 3.8 (Peng, Xiong and Kong,
2009)
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DPPH radical scavenging activity (%) = % x 100 (3.8)
0

where Ho = The height of the third resonance peak without hydrolysate
H = The height of the third resonance peak with hydrolysate

(2.2) The hydroxyl radical scavenging activity

Hydroxyl radicals were generated using the Fenton
reaction according to the method of Je, Kim and Kim (2005). Foam-mat dried rice bean
hydrolysate was prepared at the concentration of 1 mg ml*. A 20 pl of hydrolysate
solution was mixed with 20 pul of 0.3 M of 5,5-dimethyl-1-pyroline-N-oxide (DMPO)
and 20 pl of 10 mM FeSO4. 10 mM phosphate buffer (pH 7.4) was used as the control.
The reaction started with addition of 20 pl of 10 mM H2O; into the solution, then mixed
thoroughly using a vortex mixer, the reaction mixture was then transferred into 20 pl
Pyrex® NMR capillary tube. The ESR spectra of DMPO-OH adduct was measured after
2.5 min using JES-TE300 electron spin resonance (ESR) spectrometer (JEOL Ltd.,
Tokyo, Japan) with the same condition as DPPH radical scavenging activity. Hydroxyl

radical scavenging activity was calculated according to equation 3.9 (Peng et al., 2009).

Hydroxyl radical scavenging activity (%) = ? x 100 (3.9)

0

where Ho = The height of the second resonance peak of mixture without
hydrolysate
H = The height of the second resonance peak of mixture with

hydrolysate

(2.3) Carbon-centered radicals scavenging activity

Carbon-centered radicals scavenging activity of foam-mat
dried rice bean hydrolysate was evaluated. The carbon-centered radicals was generated
by 2, 2'-azobis (2-amidinopropane) dihydrochloride (AAPH) according to the method
of Giri et al. (2011). Foam-mat dried rice bean hydrolysate was prepared at the

concentration of 1 mg mlt. A 20 pl of 1 mg ml* foam-mat dried hydrolysate solution
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was mixed with 20 pl of 40 mM a-(4-pirydryl-1-oxide)-N-tert-butylnitrone (4-POBN)
and 20 ul of 40 mM AAPH. The reaction mixture was then incubated at 37 °C for 30
min, then transferred to a 20 pl PyrexNMR capillary tube. The spin adduct was
measured using JES-TE300 electron spin resonance (ESR) spectrometer (JEOL Ltd.,
Tokyo, Japan) with the same condition as DPPH radical scavenging activity. Carbon-
centered radicals scavenging activity was calculated according to equation 3.10 (Peng
et al., 2009).

Ho—H

Carbon-center radical scavenging activity (%) = x 100 (3.10)

where Ho = The height of the first resonance peak of mixture without
hydrolysate
H = The height of the first resonance peak of mixture with hydrolysate

3.2.3.4 Effect of peptides and phenolics on antioxidant activity of foam-mat
dried rice bean hydrolysate.

Phenolics and peptide of all twelve foam-mat dried rice bean
hydrolysate samples obtained from Section 3.2.3.2 were separated using solid phase
extraction (SPE) column (Isolute® C18 end-capped (EC), Biotage, Uppsala Sweden)
according to the method of Irakli et al. (2012). The sample solution was prepared from
foam-mat dried rice bean hydrolysate at concentration 10 mg dried rice bean
hydrolysate per ml acidified (1N HCI) deionized water (pH 2.0). The SPE column was
preconditioned with 3 ml of methanol and equilibrated with 3 ml of acidified (1N HCI)
deionized water (pH 2.0). Then 1 ml sample solution was poured into column. The

sample was separate into two fractions as follows:

(1) Unbound fraction (peptides) was eluted from SPE column with 3 ml
acidified (1N HCI) deionized water (pH 2.0). This phenolic fraction was subjected to
antioxidant determination. The DPPH radical scavenging activity and FRAP of peptide
fraction were measured using the method as described in Section 3.2.1.8.

(2) Bound fraction (phenolics) was eluted from SPE column with 3 ml

absolute methanol. This phenolic fraction was subjected to antioxidant determination.
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The DPPH radical scavenging activity and FRAP of phenolic fraction were measured

using the method as described in Section 3.

All experiments were done in triplicates. Analysis of variance (ANOVA) of
the experimental data was performed. Duncan’s New Multiple Range Test was used for

evaluate testing the difference between means at the 95% confidence interval.



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Effect of pretreatment and germination period on chemical composition of

germinated rice bean

4.1.1 Proximate analysis

Rice beans were pretreated with 1% (w v!) citric acid for 6 h prior to
germination in the dark at room temperature (30+1 °C) for 0, 6, 12, 18 and 24 h then
analysed for chemical composition. Non-pretreated rice bean, immersed in tap water
for 6 h without pretreatment, was used as a control. As shown in Table 4.1, the length
of germination period affected the changes in chemical composition of germinated rice
bean. The moisture content of both pretreated rice bean and the control significantly
increased during 24 h of germination period (p<0.05). This was due to water absorption
by seeds during the germination (Bewley and Black, 1983).

Crude protein content of pretreated rice bean and the control tended to increase
during 24 h of germination period. However, the content was not significantly different
(p>0.05). The highest crude protein content of both pretreated rice bean and the control
were observed after 18 h of germination. Kaur (2015) reported that crude protein
content of germinated rice bean (after soaking for 12 h) was increased from 25.65% to
26.60% and 26.81% after germination at 37+1 °C for 24 and 48 h, respectively.

Carbohydrate and ash content of both pretreated rice bean and the control were
not altered over the 24 h of germination period. However, reducing sugar content of
germinated rice bean increased with increasing germination period. Increasing reducing
sugar might be due to the degradation of starch into sugars which performed by
amylolytic enzymes during germination process (Mayer and Poljakoff-Mayber, 1982).
Goyoaga et al. (2011) found that reducing sugar content of two cultivars of faba bean,
Vicia faba cv. Alameda and Vicia faba cv. Brocal, increased during 9 days of the
germination process (p<0.05).

Crude fat content of both pretreated rice bean and the control significantly
increased at the first 6 h of germination period. This might result from lipid biosynthesis

during early stage of germination. In lipid biosynthesis pathway, sucrose is converted
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into hexose phosphates and then to fructose-1,6-bisphosphate which is cleaved into
triosphosphates. This triosphosphates is further reduced to glycerol-3-phosphate which
serves as the glycerol backbone for triacylglycerol. The accumulation of triacylglycerol
leads to an increase in plant lipids (Hildebrand, 2011). However, crude fat content
significantly decreased after 6 h of germination (p<0.05). Lipid is used as a source of
energy during germination of seed. The degradation of lipid involves lipases in seed
(Bewley and Black, 1983). Ghavidel and Prakash (2007) reported that germination for
24 h caused a significant (p<0.05) increase in crude fat content in green gram
(Phaseolus aureus), cowpea (Vigna catjang), lentil (Lens culinaris) and chickpea
(Cicer arietinum). Kim et al. (2013) also reported that lipid content of soybean (Glycine

max var.) decreased from 10.1+0.21 to 9.7+0.15 % (w w?) after germination for 24 h.

4.1.2 Total phenolic content

Germination periods strongly affected total phenolic content of germinated rice
bean with pretreated rice bean and the control. At 24 h of germination period,
extractable phenolic content of pretreated rice bean and control were 2.06 and 2.55
times higher, respectively, than that of 0 h-germinated rice bean, presumably due to
biosynthesis during germination (Randhir et al., 2004). Most plant phenolics are
derived from the Shikimate pathway. The biosynthesis of phenolics in this pathway is
a sequence of seven metabolic steps beginning with condensation of
phosphoenolpyruvate and D-erythrose-4-phosphate. The end product of Shikimate
pathway is chorismate, which is the precursor for the synthesis of several aromatic
secondary metabolites. Many enzymes involved in the Shikimate pathway and
expression of these enzymes are depends on the environment condition (Herrmann and
Weaver, 1999). Wongsiri et al. (2015) reported that phenolic content of germinated
mung bean increased with increasing germination time over 0 - 24 h (p<0.05), with
germination for 24 h resulted in a 3.48-fold increase in phenolic content. In germinated
green pea (Pisum sativum), lentil (Lens culinaris) and mung bean (Vigna radiata), a
significant increase of phenolic content was observed after 3 days of germination
(Swieca and Gawlik-Dziki, 2015).

Pretreatment with 1% (w v1) citric acid (pH 2-3) for 6 h before germination
resulted in an increase in total phenolic content of germinated rice bean. The increase

of total phenolic content of germinated rice bean might be due to adaptation of plant
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under acidic stress. Reactions of plants towards environmental stress involve various
types of physiological and biochemical responses depending on the genetic and
biochemical make-up of the species. One of the defense mechanisms in plants is
phenolic biosysthesis (Dubey, 1999; Mazid, Khan and Mohammad, 2011). According
to the acid growth theory, external acidification causes cell wall loosening which might
result in a release of free phenolics from plant cells during germination (Rayle and
Cleland, 1992). McCue et al. (2000) reported that total phenolic content of 48 h-
germinated pea seeds after pretreatment with 50 yuM salicylic acid for 24 h was 13.6%
higher than that without pretreatment. Hao et al. (2016) also found that pretreatment
buckwheat with acidified water, pH 5.83, could promote the accumulation of rutin
during 8 days of germination.

The phenolic content determination in plant food extracts might have a
shortcoming as the presence of reducing sugar, ascorbic acid, and some amino acid
which can react with Folin-Ciocalteu reagent such as cysteine, histidine and tyrosine.
It was reported that the sample containing 25 mg of invert sugar per ml of solution was
equivalent to an apparent phenol content of 0.005 mg gallic acid equivalent per ml of
solution (Waterhouse, 2005). In this experiment, the amount of reducing sugar in each
treatment was less than 3.08 mg g* dry bean (Table 4.1), while only 0.15-0.26 mg g
dry bean of ascorbic acid was found in 16 rice bean genotypes collected from India
(Katoch, 2013) and total amount of cysteine, histidine and tyrosine in this experiment
was lower than 0.2 mg g dry bean. These small amount of reducing sugar, ascorbic
acid and amino acids in rice bean should not contribute a significant interference on
total phenolic content analysis. Thus, the increase in total phenolic content during 24 h
of bean germination should be mainly from phenolic biosynthesis and/or release of

phenolics caused by cell wall loosening.

4.1.3 Total nitrogen, protein nitrogen and non-protein nitrogen content.

Table 4.2 shows that total nitrogen content of germinated beans from both
pretreated rice bean and the control tended to increase during 24 h of germination
period. There was a significant increase in protein nitrogen during 24 h of germination
but no significant change in the amount of non-protein nitrogen. Thus, an increase in
the total nitrogen content of both pretreated rice bean and the control might be mainly

depends on an increase in protein nitrogen content. Narsih, Yunianta and Harijono
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(2012) also found an increase in crude protein content in sorghum during 36 h of
germination period while no change in the content of non-protein nitrogen was
observed. From our results, pretreatment before germination affected the amount of
protein nitrogen in germinated rice bean. It was found that the 24 h-germinated rice
beans showed significantly higher protein nitrogen content compared to the control at

the same germination period (p<0.05).

Table 4.2 Effect of pretreatment and germination period on nitrogen content and

TCA-soluble peptide of germinated rice bean

Pretreatment Germination Total nitrogen Protein Non-protein  TCA-soluble Total free
period (h) (%, ww, nitrogen nitrogen™ peptide amino acid
db) (%, ww',db) (%, ww', db.) (gtyrosine 100 (g 100g", d.b.)
gl db)
0 3.46%0.17 2.21%£0.22 1.25+0.27 0.40£0.02 0.41"+0.03
6 3.65%+027 25144004 1.14+0.24 0.32°+0.01 0.33%+0.03
No
pretreatment 12 3.73%+0.16  2.54%4 1014  1.19+0.30 0.37°+0.02 0.47%+0.01
(water)

18 3.93"+0.15 2.62%440.23 1.31+0.10 0.24°+0.01 0.74°+0.02

24 384504012 24740 16 1.37+0.11 0.250.02 1.768+0.01

0 3694027  230%+0.26 1.38+0.07 0.40°+0.02  0.58%+0.03

6 3.58%+0.06 2.54%4+020  1.04+0.17 0.38%+0.01  0.72°£0.02

-1 .
1% (wv7) 12 37301023 25044018 1144032 0374001  0.80%40.06
citric acid

18 3.98%+0.23 2.83%40.26 1.15+0.18 0.30°+0.01 0.56%+0.04
24 3.90°+0.31 2.86%£0.04 1.04=0.28 0.31°+0.02 0.53%4+0.02

Mean values followed by different superscript letters in the same column are significantly
different (p < 0.05).

" Mean values not significantly different (p > 0.05) in the same column.

d.b., dry basis.

4.1.4 TCA-soluble peptide and free amino acid content

Peptides and amino acids are considered as the main constituents of non-protein
nitrogen in legume seeds (Delrot et al., 2001). In this study the total amount of
oligopeptide and free amino acid were determined as TCA-soluble peptide. For both
pretreated rice bean and the control, TCA-soluble peptides in beans with different
periods of germination, shown in Table 4.2, significantly decreased during 24 h of

germination period (p<0.05), whereas total free amino acid significantly increase with
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increasing germination period (Figure 4.1). Since TCA-soluble peptides content is the
sum of oligopeptide and free amino acid, a decrease of TCA-soluble peptides content
in rice bean was most likely due to a decrease in oligopeptides. Decreasing of
oligopeptides during the first phase of germination, initial water uptake of seed, might
be because these oligopeptides were substrates for protein synthesis (Bewley, 1997).
Miintz et al. (2001) reported that increasing in free amino acid during seed germination
was mostly from hydrolysis of seed storage protein to free amino acid or biosynthesis
of amino acid. Luo et al. (2014) reported that after 72 h of germination period, free
amino acid content of green and white faba bean (Vicia faba L.) were 11.3 and 8.0 times
higher than that of 0 h-germinated faba bean, respectively. From our results,
pretreatment caused an increase in the amount of free amino acids such as alanine,
arginine, aspartic, glutamic, proline and serine including antioxidant amino acids
(cysteine, methionine, tyrosine, phenylalanine and histidine) during first 12 h of
germination (Figure 4.1). This might be due to stress-induced synthesis of amino acids
during seed germination. Other environmental stresses also reported to have an effect
on free amino acid composition in plant. Shen et al. (2015) reported that free amino
acid composition of 10 h-germinated rice (Oryza sativa L.) after oxygen-deficit stress
was higher than that of untreated germinated rice.

Although free amino acid is one of the constituent of TCA-soluble peptide, it
was surprising that the result of total free amino acid in this study was higher than that
of TCA-soluble peptide content. This might be due to the different principle of
determination technique. TCA-soluble peptide content was determined based on Lowry
assay. This assay involves two reactions. First, a protein-Cu?* complex is formed and
the change in protein conformation at high pH (pH 13) results in exposure of tyrosine
and tryptophan. The second one is a redox reaction with Folin-Ciocaltue, the reaction
results in a strong blue color which absorbs strongly at 750 nm. While free amino acid
in the sample was determined using HPLC. In this technique, free amino acid was
derivatized with AccQ+Tag™. The separation of amino acids was done in Waters
AccQ-Taqg amino acid analysis column. The total free amino acid was calculated from

sum of each free amino acid.
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4.1.5 Protein pattern

Figure 4.2 shows the SDS-PAGE patterns of protein extracted from germinated
rice beans with different periods of germination. The raw volume calculated from the
area of intensity peak of non-pretreat and pretreated germinated rice bean determined
using GeneTools software (Syngene, Frederick, MD) was shown in Appendix B.1. The
results showed that germination period did not significantly affect a change in protein
band pattern in non-pretreat germinated rice bean. However, the pretreatment before
germination led to a 12.48-30.67% and 7.71-82.28% decrease in the intensity of protein
band with MW of 51 and 76 kDa, respectively, in the samples with 12-24 h of
germination. A decrease in the intensity of protein band with a MW of 51 and 76 kDa
might be because an acidic stress from the citric acid pretreatment caused degradation
of storage protein during germination of rice bean. Chehregani and Kavianpour (2007)
reported that acidic stress from nitric acid pretreatment (pH 2.0) also resulted in a
decrease in the intensity of a protein band with MW of 83 kDa in kidney bean

(Phaseolus vulgaris L.).

Std. Oh 6h 12h 18h 24h Std. Std. Oh 6h 12h 18h 24h Std.

Figure 4.2 The SDS-PAGE patterns of protein extracted from germinated rice bean.
Std: standard molecular weight marker; (a) The germinated rice bean under no
pretreatment; and (b) The germinated rice bean with pretreatment

The storage proteins of legume are classified into four groups according to their
solubility (1) albumin, soluble in water, (2) globulins, soluble in salt solution but
insoluble in water, (3) prolamins, soluble in alcohol water mixture but insoluble in
water and salt solution, and (4) glutelin, soluble only soluble in dilute acid or alkaline
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solutions (Boulter and Derbyshire, 1976). Albumins (6.13-7.47%) and globulin (13.11-
15.56%) are the major portion of protein in rice bean proteins (Katoch, 2013). The
protein bands with MW of 20-24 kDa and 27-73 kDa are likely to be the basic subunit
and the acidic subunit of 11S globulin. The protein bands with MW of 50 and 76 kDa
are likely to be B-subunit and a-subunit of 7S globulin (Raut, Kharat and Mendhulkar,
2015).

4.1.6 Antioxidant activity

Table 4.3 presents antioxidant activities of germinated rice bean extracts
obtaining from two different extraction solvents. The results pointed that germination
period affected antioxidant activity of germinated rice bean extracts. DPPH radical
scavenging activity and FRAP of the extract from both treatments significantly
increased as germination period increased (p<0.05). This trend was found in both water
and ethanolic extracts. The effect of pretreatment resulted in a higher increase in
antioxidant activities of both extracts.

Table 4.3 Effect of extraction solvent on antioxidant activity of germinated rice bean
under no pretreatment and with pretreatment

Antioxidant activity

Germination DPPH assay FRAP assay
Pretreatment eriod (h) (umol Trolox g'! dry bean)  (umol Trolox g’ dry bean)
P Water Ethanol Water Ethanol
extract extract extract extract
0 6.65+035 9884028 2694018 3.99%40.07
6 9 68"+0 53 12.85°+042  4.08*+051 6.55+0.18
No Pretreatment 12 12.45400.74  17.53%40.82  4.50+0.14 6.55°+0.29
(water)
18 134994054 18.38%+046 4.68+024 6.67°+023
24 15.00°40.47  20.08=1.14  4.89°9+038 7.08°+0.27
0 6.57°:038 9324022 2654018 4.0140.19
6 11.44°60.56 14814071  4.64°:026 6.87%°+0.07
0 -1
1% (wv") 12 13354£0.84  19.01°4036  5.03%+£0.30 6.91%+0.32
citric acid
18 15.72¢+0.89  20.60+027 5329024 7.21°+0.18
24 15.47£0.24  20.62£025  5.34%0.18 7.22°40.16

Mean values followed by different superscript letters in the same column are significantly

different (p < 0.05).
d.b., dry basis.
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With increasing germination period, an increase in antioxidant activity of
extracts from both pretreated rice bean and the control could be explained through
increasing the amount of TPC (Table 4.1), serve as antioxidants due to their free radical
scavenging activity or metal chelating ability. Moreover, incresing antioxidant amino
acids (cysteine, methionine, tyrosine, phenylalanine and histidine) during germination
(Figure 4.1). Cysteine and methionine are sulfur-containing amino acids which
potentially oxidizable. Tyrosine and phenylalanine are containing aromatic side chains
which hydrogen is easily removed. Moreover, Histidine’s imidazole-containing side
chain is also oxidatively labile (Elias, Kellerby and Decker, 2008). The higher
antioxidant activities (DPPH radical scavenging activity and FRAP) and TPC of
germinated seeds compared to raw seeds were also exhibited in germinated seeds of
alfalfa (Medicago sativa L.), lentil (Lens sculenta L.), mung bean (Vigna radiate L.),
onion (Allium cepa L.), broccoli (Brassica oleraceae L.), red cabbage (Brassica
oleraceae capitata rubra L.) and radish (Raphanus sativus japonicum L., Raphanus
sativus rambo L., Raphanus sativus sinicum rosae L.) (Aguilera et al., 2015). Fouad
and Rehab (2015) also found that germination process caused a significant increase in
free amino acid which due to activity of proteolytic enzymes, increase of phenolic
which might be due to biosynthesis and bioaccumulation of phenolic compounds as a
defensive mechanism, and increase DPPH radical scavenging activity which might be
due to increase of polyphenol during germination.

The results demonstrated that the influence of extraction solvents on antioxidant
activities of rice bean extract was remarkable. DPPH radical scavenging activity and
FRAP of the ethanolic extract at each germination period from both pretreated rice bean
and the control were 1.2-1.6 and 1.4-1.6 times higher than those of the water extract,
respectively. Since each phenolics and flavonoids, as potential antioxidant, have a
different polarity. The different polarity of extraction solvents (water and 80% (v v?1)
ethanol) may affect the solubility of these compounds, and consequently affect the
antioxidant activities of each extract. The different assays resulted in different
antioxidant activity measured in both extracts. This can be explained by the involved
mechanism.

Antioxidants can reduce radicals by two main mechanisms. The first is single
electron transfer (SET). The SET-based methods detect the ability of an antioxidant to
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transfer one electron to reduce radicals. The second is hydrogen atom transfer (HAT).
HAT-based methods measure the ability of an antioxidant to quench free radicals by
hydrogen donation. DPPH radical scavenging activity is based on both SET and HAT
mechanism, while FRAP assay is based on only SET (Balogh, Hegediis and
Stefanovits-Banyai, 2010). Ye et al. (2015) also reported that DPPH radical scavenging
activity and FRAP of sunflower (Helianthus annuus L.) extracts obtained from 90% (v

v1) ethanol were significantly higher than those of water extract (p< 0.05).

4.1.7 Phenolic composition

Figure 4.3 shows the chromatograms of phenolic compounds in both water and
ethanolic extracts obtaining from both pretreated rice beans and the control at 0 and 18
h of germination period. For water extract, it was found that both pretreatment and
germination period did not affect the type of extractable phenolic compounds. Five
phenolic compounds were found in both pretreated and non-pretreated rice bean at both
germination periods. There were one phenolic acids (4-hydroxybenzoic acid) and four
flavonoids (robinin, rutin, astragalin and 7-methylquercetin). Pretreatment before
germination and germination period also did not affect the type of extractable phenolic
compounds in ethanolic extract. However, the number of phenolic compounds found
in ethanolic extract was higher than that of water extract. This was because different
types of phenolic acids and flavonoids was extracted depending on the polarity of
solvents. In the ethanolic extract, seven phenolic compounds were found. There were
two phenolic acids (4-hydroxybenzoic acid and sinapic acid) and five flavonoids (rutin,
astragalin, epicatechin, 7-methylquercetin and genistein). The results from both
extractions solvent showed that flavonoids are the main composition of phenolic
compound in germinated rice bean extract. Flavonoids in plant can be divided into
flavonoid aglycones (hydrophobic flavonoid or hydrophobic antioxidant) and flavonoid
glycosides (hydrophilic flavonoid and hydrophilic antioxidant), in which one or more

hydroxyl groups of the aglycones are bound to a sugar (Kumar and Pandey, 2013).
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In germinated rice bean extract, epicatechin, 7-methylquercetin and genistein
are hydrophobic antioxidant while, robinin, rutin, astragalin are hydrophilic
antioxidant. Water and ethanol are both polar solvents. However, ethanol has lower
polarity than water. Thus, using 80% (v v!) ethanol as extraction solvent would give
higher efficiency to extract hydrophobic phenolics (epicatechin, 7-methylquercetin and
genistein) than water. The different polarity of extraction solvent also affects phenolic
composition of Beijing propolis extract (Sun et al., 2015). Twenty-four phenolic
compounds, not only nonpolar compounds but also weak-polar and polar compounds,
were found in propolis extracts obtained using 75% (v v!) ethanol. By contrast, in water
extract, only fifteen phenolic compounds main polar phenolic acids were found. Some
of phenolic compounds found in our result were also similar to rice bean from china.
Yao et al. (2012) reported that three phenolic acids (p-coumaric acid, ferulic acid, and
sinapic acid) and five flavonoids (catechin, epicatechin, vitexin, isovitexin and
quercetin) were found in ethanolic extract of rice beans from China.

Since crude protein content, TPC and antioxidant activities of pretreated
germinated rice bean at 18 and 24 h of germination period were not significantly
different (p>0.05), the 18 h-germinated rice bean with pretreatment (GRB) was selected
as a source for protein hydrolysate for this study while non-germinated rice bean with

no pretreatment (NGRB) was used for comparative study.

4.2 Effect of hydrolysis period on degree of hydrolysis and antioxidant of germinated

rice bean protein hydrolysate

The GRB and NGRB were hydrolyzed using 5% (in dried weight of germinated
rice bean) Flavourzyme®. The reaction was conducted at 50°C and pH 6.0 for 0, 2, 4,
6, 8, 10, 12, 15, 18, 21 and 24 h as described in Section 3.2.2 The obtained germinated
rice bean protein hydrolysates were analysed for free amino group content and degree

of hydrolysis, TPC and antioxidant activities.

4.2.1 Free amino group content and degree of hydrolysis
Figure 4.4 showed that free amino group of protein hydrolysis of GRB and
NGRB significantly increased with increasing hydrolysis period (p<0.05). This was
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because Flavourzyme® broke down the peptide bonds and generates amino acid groups
during enzymatic hydrolysis.

Germination led to an increase in free amino group of hydrolysate. The amount
of free amino group of hydrolysate of GRB was 1.23 times higher than that of
hydrolysate of NGRB after hydrolysis for 24 h (Figure 4.4). This was due to activity of
natural proteolytic enzyme during germination (Muntz, 1996) and also to changes in

protein structure which facilitated enzyme access to the protein.
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Figure 4.4 Effect of hydrolysis period on free amino groups and degree of hydrolysis
of protein hydrolysate of germinated rice bean (GRB) and non-germinated rice bean
(NGRB)

Since DH was converted from the amount of free amino group using the
equation 3.2 in Section 3.2.2, the greater amount of free amino group, the higher DH of
hydrolysate obtained (Figure 4.4). (Monteros et al. (2011)) reported that DH of soybean
(Glycine max var. Crystalline) protein hydrolysate, obtained from sequential enzymatic
hydrolysis with pepsin and pancreatin for 1 and 2 h, respectively, increased from
79.13% to 82.04% after germination for 6 days. Luis et al. (2012) also reported that

DH of germinated lima bean (Phaseolus lunatus) protein hydrolysate hydrolysed with
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Alcalase® 2.4 L for 2 h was 7.66% higher than that of non-germinated lima bean protein

hydrolysate

4.2.2 Extractable phenolic content

As shown in Table 4.4, TPC of protein hydrolysate from both GRB and NGRB
significantly increased with increasing hydrolysis period (p<0.05). An increase of TPC
during enzymatic hydrolysis was most likely due to changing of tertiary structure of
protein which affects the hydrophobic interaction between polyphenol and protein,
resulting in a release of polyphenol from protein-polyphenol complex. Dias et al.
(2010) reported that protein hydrolysates from common bean (Phaseolus vulgaris L.
var. Nanus) flour, hydrolysed with Trypsin 250 and protease from Bacillus sp. (UFLA
817CF) for 5 h, showed a significant increase in TPC compared to non-treated flour.
In pinto bean (Phaseolus vulgaris L. var. Pinto) protein hydrolysate, a significant
increase of TPC (p<0.05) was also observed after 2 h of enzymatic hydrolysis with
Alcalase® 2.4L and Savinase® (Garcia-Mora et al., 2015).

Germination before enzymatic hydrolysis strongly affected TPC of rice bean
protein hydrolysate. After 24 h of hydrolysis, TPC of GRB hydrolysate was 1.21 times
higher than that of NGRB hydrolysate (Table 4.4). The higher amount of TPC of
hydrolysate of GRB was presumably due to biosynthesis during germination (Randhir
et al., 2004) and effect of cell wall loosening, according to acid growth theory, leads to
release of phenolic compounds.

4.2.3 Antioxidant activities of protein hydrolysate

Table 4.4 shows that antioxidant activities of protein hydrolysate from both
GRB and NGRB significantly increased with increasing hydrolysis period (p<0.05).
Germination led to an increase in antioxidant activity of hydrolysate. The result showed
that after 24 h of hydrolysis, DPPH radical scavenging activity and FRAP of
hydrolysate of GRB were 1.51-2.00 and 1.93-2.49 times, respectively, higher than that
of hydrolysate of NGRB (Table 4.4). Increasing antioxidant activities of hydrolysate
of GRB compared to hydrolysate of NGRB can be explained through the increased
amount of TPC and free amino acids, play an important role in antioxidant activities,
which resulting from germination process (Table 4.1 and Figure 4.1). Sefatie et al.

(2013) reported that DPPH radical scavenging activity and hydroxyl radical-scavenging
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activity of 3-day germinated black soybean (Glycine max L. Merrill) protein
hydrolysate, prepared from protein isolate by sequential enzymatic hydrolysis using
pepsin for 2 h followed by pancreatin for 2 h, were significantly higher than those of
non-germinated black soybean. Rocha et al. (2015) also found that the germination of
common bean for 24-72 h considerably enhanced the oxygen radical absorbance
capacity of common bean protein hydrolysate prepared from protein concentrate using
Alcalase® 2.4L for 1 h.

Table 4.4 Effect of hydrolysis period on extractable phenolic content and antioxidant

activities of germinated rice bean (GRB) and non-germinated rice bean (NGRB)

hydrolysate
Antioxidant activities
Hydrolysis ?ﬁggﬁilﬁﬁ;ﬁl?;i?:g DPP‘H‘radical scavengigg FRAP .
. activity (umol Trolox {umol Trolox
period (h) gl dry bean) gl dry bean)
GRB! NGRB? GRB’ NGRB* GRB? NGRB*
0 2384006  1.3540.06 12.19%4042 6.10°+024 5204005 2.11%0.12
2 3.06°0.13 1624008 13.13°+029 6.62°+0.18 568021 2.39°+0.09
4 331°40.04  1.86°+0.02 13.48"+0.10 7.48+029  573"+029 2.60™+0.11
6 3.51%0.11  2.02°40.03 14704027 8.00°+0.16  6.67°+0.31 2.69°+0.08
8 3.92°%0.11  2.35%40.06 15.75%:040 8.08'£0.13  7.019t0.13 2.81°:033
10 4.187£0.08 2564007  16.30°£0.03  9.02°:022  7.14%:0.15 3.229:0.11
12 4355004  2.66%£0.09 16.47°=031 9.14%:026 7.19%x0.18 3.28%£0.08
15 4375001 2.728£0.07  16.565:040 9467030  7.47°40.14 3.26%:0.16
18 45486012 2.85"£0.10 17.00%+£023 10.588£0.20 7.39%:029 3.47°:0.12
21 4.84'+0.05  295M:0.10 17.46%0.14 11.54"£025 7.75%+£0.08 3.83°:0.01
24 4864002 2994008 17.502£035 11.62"+023 7.842005 3.84°0.04

Mean values followed by different superscript letters in the same column are significantly different (p <0.05)
! Moisture content of GRB was 60.91%

2 Moisture content of NGRB was 46.94%

3100 ml of GRB hydrolysate equivalent to 32.96 g dry bean

4100 ml of NGRB hydrolysate equivalent to 44.79 g dry bean
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Table 4.4 shows the highest TPC, DPPH radical scavenging activity, and FRAP
of both rice bean protein hydrolysate were observed after 24 h of hydrolysis. However,
the values were not significantly different from those of 21 h of hydrolysis (p>0.05).
To study on the effect of foam-mat drying on properties of rice bean protein hydrolysate
in the next step. GRB hydrolyzed for 21 h was chosen for further study while NGRB

subjected to the same hydrolysis period was used as comparative study.

4.3 Effect of foam-mat drying temperature on drying kinetics and physico-chemical

properties of foam-mat dried rice bean hydrolysate

GRB and NGRB hydrolyzed using 5% (in dried weight of germinated rice bean)
Flavourzyme®. The obtained hydrolysate of GRB and NGRB (total soluble solids of
16.2+0.35 and 14.93+0.31% (w w?), respectively) were then foamed using 1% (w vt)
CMC. Foamed hydrolysate of GRB and NGRB were dried at two different air drying
temperature. The moisture content during drying process was determined for
calculation of drying kinetics and physico-chemical properties of foam-mat dried

samples were determined.

4.3.1 Drying kinetics

Figure 4.5 presents drying curve and drying rate of foam-mat dried rice bean
hydrolysate at drying temperatures of 60 and 70 °C. Foam-mat drying of rice bean
hydrolysate took about 420 and 300 min to reach moisture equilibrium at 60 and 70 °C,
respectively (Figure 4.5a). The results showed that the drying temperature had a
significant effect on foam-mat drying time. Increasing drying temperature resulted in
decreasing drying time. This is because high temperature caused an increase in mobility
of the water molecule which leads to reduce internal resistance to moisture transport
and increase the water pressure in foods (Michailidis, 2014). The obtained results were
generally in agreement with many literature studies on foam-mat drying of various
food, for example, banana (Sankat and Castaigne, 2004), mandarin (Kadam et al.,
2011), tomato (Kadam et al., 2012), cherry (Abbasi and Azizpour, 2016), and shrimp
(Azizpour, Mohebbi and Khodaparast, 2016).
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The drying rate of both hydrolysate samples is presented in Figure 4.5 b. The
drying rate decreased with a decrease in moisture ratio. At the same MR drying rate at
drying temperature 70 °C was higher than 60 °C. The falling rate periods can be
observed in the whole of drying rate curves according to the change in the drying rate
curves. The free water in the sample moves toward the surface during drying and it
evaporated at the surface. The falling rate period continues as long as the free water is
present in the sample (Okos and Narsimhan, 1992).

It can be seen that drying rate of hydrolysate of GRB was slightly lower than
that of hydrolysate of NGRB at both drying temperatures. It is possible that water-
soluble compounds in rice bean hydrolysate influence the drying rate of foam-mat
drying. Higher amount of total soluble solids in protein hydrolysate of GRB
(16.20+0.35 %, w w') compared to that in hydrolysate of NGRB (14.93+0.31 %,
w wl) resulted in more bound water in hydrolysate of GRB, which would then retard
the rate and amount of moisture loss during drying.

To develop a mathematic model for predicting the foam-mat drying kinetic at
different drying temperatures and different treatment of samples. Thin layer drying
equations were used to estimate the drying curve for foam-mat dried rice bean protein
hydrolysate. The experimental data of the foam-mat drying of rice bean protein
hydrolysate were fit into nine mathematical models, divided into three groups according
to their derivation, as listed in Table 2.1 in Section 2.4.2. The first group of models
derived from Newton’s law of cooling which based on heat transfer. The second group
of models derived from Fick’s second law of diffusion which based on mass transfer.
The third group of models is grouped as empirical models which derived based on the
experimental data. As shown in Table 4.5, the results showed that all three groups of
models have a high potential for describing the drying process of foam-mat drying of
rice bean hydrolysate as indicated by MRS, RMSE and r. As the porous structure of
foam and the thin layer of the sample (1 cm thickness), the heat and mass transfer occur
simultaneously during foam-mat drying process. Thus, foam-mat drying characteristic
of rice bean hydrolysate can be predicted using models derived from either Newton’s

law of cooling or Fick’s second law of diffusion.
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Weibull distribution model is the best model for predict foam-mat drying
kinetics of protein hydrolysate of GRB dried at 60 °C, and protein hydrolysate of NGRB
dried at 60 and 70 °C, while Midilli model was the best fit for foam-mat drying of
protein hydrolysate of GRB dried at 70 °C. MRS and RMSE of these two models were
very low which in range of 7.02x10°-2.07x10“ and 8.16x10*-1.40x10?, respectively.
Moreover, the r value was in range of 0.9992-0.9997. These above criteria indicated
that Weibull distribution and Midilli model were much more suitable to describe the
drying characteristics of rice bean protein hydrolysate foam. The obtained models can
be used to predicting moisture ratio, drying rate or drying time of foam-mat drying of
both protein hydrolysate of GRB and NGRB

4.3.2 Physico-chemical properties

The hydrolysate of GRB and NGRB were fractionated using 3 kDa molecular
weight cut off membrane ultrafiltration. Fractionates were named as non-fractionated
rice bean hydrolysate (RH), ultrafiltration permeate rice bean hydrolysate (UFP) and
ultrafiltration retentate rice bean hydrolysate (UFR). All three fractions prepared from
both of GRB and NGRB hydrolysate were then foam-mat dried, with the aid of 1% (w
v1) CMC, at 60 and 70 °C until the moisture content was in the range of 8.0-8.5 %. All
twelve foam-mat dried samples were used subjected to extractable phenolic content,

total flavonoid content, phenolic composition and antioxidant activity analysis.

4.3.2.1 Moisture content and water activity

Table 4.6 shows some properties of foam-mat dried rice bean hydrolysate prepared
from both GRB and NGRB hydrolysate and their peptide fractions. The final moisture
content of all foam-mat dried rice bean hydrolysate samples obtained from both drying
temperatures were in the range of 8.0-8.5 % (d.b.). All samples showed the same range
of aw (0.406-0.412), indicating that the amount of free water remaining in all samples
was the same. The results showed that foam-mat drying method is an effective method
to reduce the moisture content and aw of foamed rice bean hydrolysate to lower value
with short drying time.  Rajkumar et al. (2007) reported that the moisture content of
foamed alphonso mango pulp (Mangifera indica L.), using 10% (w v) egg albumen
with 0.5% (w v?!) CMC as foaming agent, was reduced from 79.75+0.05% to
5.56+0.03% (w.b.) after foam-mat drying at 60 °C for 35 minutes.
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Table 4.6 Properties of foam-mat dried germinated rice bean (GRB) and non-
germinated rice bean (NGRB) hydrolysate and its fraction

Properties

Moisture Water Extractable Extractable
Sample content™ activity™  phenolic content flavonoid content

(% d.b.) (mgGAE gt (mgCEgtdry

dry bean) bean)

Rice bean hydrolysate
GRB, 60 °C 8.51+0.22 0.410+0.005 4.149+0.04 0.22%+0.01
GRB, 70 °C 8.27+0.28 0.408+0.006 3.83"+0.05 0.19°4+0.00
NGRB, 60 °C 8.54+0.45 0.409+0.009 2.84°+0.07 0.22%+0.00
NGRB, 70 °C 8.32+0.32 0.409+0.010 2.63%+0.14 0.189+0.00
Permeate fraction (<3kDa)
GRB, 60 °C 8.54+0.23 0.408+0.005 3.9779+0.04 0.17°+0.00
GRB, 70 °C 8.26+0.26 0.407+0.005 3.857+0.19 0.16°¢0.00
NGRB, 60 °C 8.53+0.24 0.410+0.011 2.68%+0.05 0.16°+0.01
NGRB, 70 °C 8.08+0.77 0.406+0.007 2.39°40.20 0.16°+0.00
Retentate fraction (>3kDa)
GRB, 60 °C 8.58+0.11 0.409+ 0.006 1.77°+0.09 0.08°+0.00
GRB, 70 °C 8.27+0.05 0.412+ 0.010 1.15%+0.12 0.08°+0.00
NGRB, 60 °C 8.48+0.13 0.411+0.013 1.75°+0.11 0.072+0.00
NGRB, 70 °C 8.11+0.68 0.408+0.016 0.972+£0.04 0.072+£0.01

Mean values followed by different superscript letters in the same column are significantly
different (p < 0.05).

" Mean values not significantly different (p > 0.05) in the same column.

1 g of foam-mat dried GRB hydrolysate equivalent to 14.10 ml of hydrolysate, which 100 ml
of GRB hydrolysate equivalent to 32.96 g dry bean.

1 g of foam-mat dried NGRB hydrolysate equivalent to 14.12 ml hydrolysate, which 100 ml of
NGRB hydrolysate equivalent to 44.79 g dry bean
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Kaushal, Sharma and Sharma (2013) found that the final moisture
content of foam-mat dried seabuckthorn pulp (Hippophae salicifolia), using 2% (w v1)
CMC as foaming agent, after drying at 55 °C for 4 h was 12.9 % (w.b.). Krasaekoopt
and Bhatia (2012) reported that aw of foam-mat dried yogurt after drying at 50, 60 and
70 °C was 0.355, 0.348 and 0.323, respectively.

4.3.2.2 Microstructure

Figure 4.6 shows microstructure of foam-mat dried rice bean
hydrolysate samples observed under a scanning electron microscope (SEM). It was
found that drying temperature affects the particle morphology of both foam-mat dried
rice bean hydrolysate prepared from GRB and NGRB hydrolysate. The individual
irregular particles were observed in foam-mat dried samples after drying at 60 °C, while
fused particles were observed after drying at 70 °C (Figure 4.6 a, b, ¢, d). These might
be because the stability of foam during foam-mat drying process was affected by drying
time and drying temperature (Fernandes et al., 2012). It was found that the collapse of
the foam, at both drying temperature, increases with increasing the drying time.
However, increasing drying temperature led to increasing pressure in the air cells. The
air cells then erupted and collapsed. The surface of foam-mat dried rice bean
hydrolysate samples after drying at 60 °C observed at 500x magnification was slightly
different to that of drying at 70 °C (Figure 4.6 e, f, g, h). The difference might be due
to different formation of thin layer of collapsed foam covering at the surface of foam-
mat dried rice bean particle. Both particles from foam-mat dried rice bean hydrolysate
and foam-mat dried yacon (Smallanthus sonchifolius) juice after drying at 60 °C
(Franco et al., 2016) showed irregular structure. They had similar particle size, about
1.0-1.5 pm.

4.3.2.3 Extractable phenolic content and extractable total flavonoid

content

The average concentration of extractable phenolics in rice bean
hydrolysate prepared from GRB and NGRB was decreased 14.46% and 3.73%,
respectively after drying at 60 °C , while extractable phenolics of GRB and NGRB was
decreased 20.87% and 10.85%, respectively after drying at 70 °C (Table 4.4 and 4.6).
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As shown in Table 4.6, extractable phenolics and extractable flavonoid
content of foam-mat dried RH decreased with increasing air drying temperature
(p<0.05). A decrease of extractable phenolics and extractable flavonoid content at
higher drying temperature could be due to the binding of phenolic compounds with
other components (such as, proteins and peptides) or the changes in the chemical
structure of phenolic compounds which cannot be extracted nor determined by
photometric methods (Julkunen-Tiitto, 1985). Moreover, Asami et al. (2003) reported
that drying at temperature higher than 60 °C might cause oxidative condensation or
degradation of heat sensitive compound such as (+)-catechin in air dried marionberry,
strawberry, and corn. A significant decrease of extractable phenolics and extractable
flavonoid content in foam-mat dried product resulting from increasing of drying
temperature was also found in foam-mat dried mixed vegetable (bitter gourd, tomato
and cucumber) juice (Chandrasekar et al., 2015).

Table 4.6 shows that extractable phenolic in foam-mat dried RH
prepared from GRB was significantly higher than that prepared from NGRB (p<0.05).
Even though extractable flavonoid content of RH prepared from GRB was higher than
that prepared from NGRB. The values were not significantly different (p>0.05). This
could be due to the fact that extractable phenolic of RH prepared from GRB after
enzymatic hydrolysis for 21 h was 1.64 times higher than that of PH prepared from
NGRB (Table 4.4), resulting in higher amount of extractable phenolic content and
extractable flavonoid content in corresponding foam-mat dried samples.

As shown in Table 4.6, extractable phenolic content and extractable
flavonoid content in the peptide fraction collected from UFP were significantly higher
than those of UFR (p<0.05). This result indicated that foam-mat dried rice bean
hydrolysate contained higher amount of low molecular weight phenolic compounds
with molecular weight less than 3 kDa compared to those with molecular weight higher
than 3 kDa. The samples of low molecular weight phenolic compounds identified in
beans are phenolic acids and flavonoids. The highly polymerized polyphenols such as
tannin (molecular weights ranging from 500-5000 Da) are commonly found in cell wall.
However, extractable phenolic content is depends on the amount of each individual
phenolic compound. Therefore, identification and quantification of phenolic

compounds in each fraction were carried out in this study. However, it was surprising
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that sum of extractable phenolic content in UFP and UFR was higher than extractable
phenolic content in RH. This might be due to the higher molecular weight fraction
contained some phenolics with molecular weight less than the cut off values of the
membrane as result of fouling of membrane ultrafiltration, or due to the fact that some
small phenolic compounds may have affinity for some of the large peptide. These

results in overestimated levels of extractable phenolic content in UFR fraction.

4.3.2.4 Phenolic composition

Figure 4.7 and Table 4.7 show a HPLC chromatogram of phenolic
compound and the contents of individual phenolic compound in foam-mat dried RH.
The chromatogram in Figure 4.7 shows twelve phenolic compounds (gallic acid,
catechol, 4-hydroxybenzoic acid, (+)-catechin, vanillin, epicatechin, p-coumaric acid,
ferulic acid, rutin, trans-cinnamic acid, naringenin and quercetin) which were found in
foam-mat dried PH.

Table 4.7 shows that gallic acid, catechol, epicatechin and rutin were the
major compounds present in foam-mat dried RH. Drying temperature did not affect the
type of phenolic compounds found in foam-mat dried samples. However, it affected the
amount of each phenolic compound in the foam-mat dried samples. The amount of
each phenolic compound in foam-mat dried RH tended to decrease with increasing
drying temperature (Table 4.7). The decrease in phenolic compound content might be
due to chemically converted or decomposition of some phenolic compound as described
above. Our results strongly supported the effect of drying temperature on a decrease in
TPC found in foam-mat dried rice bean protein hydrolysate (Table 4.6).

The content of most of phenolic compounds (vanillin, epicatechin, p-
courmaric acid, ferulic acid, rutin and trans-cinnamic) in foam-mat dried RH prepared
from GRB were significantly higher than those of prepared from NGRB (p<0.05)
(Table 4.7). This might be due to the higher initial phenolic content of hydrolysate
before drying of RH prepared from GRB compared to NGRB (Table 4.4).
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Table 4.7 Identification and quantification of phenolic compounds in foam-mat dried

non-fractionated rice bean hydrolysate (RH) prepared from germinated rice bean
(GRB) and non-germinated rice bean (NGRB) dried at 60 and 70 °C

Phenolic content

(mg g dry sample)

Peak Retention Banax
no. Compound time (min) (. GRBdried GRBdried NGRB NGRB
at 60 °C at70°C dried at dried at
60 °C 70°C
1 Gallic acid 147 275 2794024 204004 2.48°+0.06 1.94°=0.07
2 Catechol 215 275 191°%0.04 1.76":0.06 1.80"+0.08 1.55'+0.05
3 4-Hydroxybenzoic acid ~ 38.1 265  0.04°:0.00 0.03*+0.00 0.03%£0.00 0.03*+0.00
4 {(+)-Catechin 427 275  025%40.02 0234001 023®+0.01 0.21%+0.00
5 Vanillin 486 280  0.05%0.00 0.04%:0.00 0.03°:0.00 0.03+0.00
6  Epicatechin 50.7 275 1.40°%0.08 1.25%%0.10 1.21°°+0.10 1.07°:0.06
7  p-Coumaric acid 54.0 320 0.13°%0.00 0.10°:0.00 0.10™+0.01 0.08°=0.01
8  Ferulic acid 55.1 320 0.70%0.03 0.69%£0.02 0.64°+0.02 0.52°:0.04
9  Rutin 59.4 360 0.89°0.04 0.58°£0.05 0.73°£0.03 0.65°+0.04
10 trans-Cinnamic acid 62.8 275 021°0.01 0.21°0.01 0.18%0.01 0.17°0.00
11 Naringenin 64.1 280 0.63°t0.04 0.55+0.03 0.59"°+0.02 0.52°0.02
12 Quercelin 649 360 0.17°0.03 0.12%:0.01 0.12%:0.01 0.09°+0.00

Mean values followed by different superscript letters in the same row are significantly

different (p < 0.05)
GRB, germinated rice bean
NGRB, non-germinated rice bean
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Figure 4.8 and Table 4.8 show a HPLC chromatogram of phenolic
compound and the amount of individual phenolic compound in foam-mat dried UFP.
The chromatogram of foam-mat dried UFP was similar to that of prepared from RH
(Figure 4.7 and 4.8). This result indicated that most phenolic compounds in foam-mat
dried rice bean protein hydrolysate had a molecular weight less than 3 kDa. Gallic acid,
catechol, epicatechin and rutin were also the major phenolic compound compounds
found in foam-mat dried UFP (Table 4.8). The amount of gallic acid, catechol, p-
courmaric acid and naringenin in foam-mat dried UFP significantly decreased with an
increasing drying temperature (p<0.05) (Table 4.8). A decrease in the amount of these
phenolic compounds was in the same trend as foam-mat dried RH. The amount of
individual phenolic compound in foam-mat dried UFP prepared from GRB was higher
than that prepared from NGRB. However, most of these phenolic compounds in both
treatments were not significantly different (p>0.05) (Table 4.8). The effect of
germination before enzymatic hydrolysis on individual phenolic content after drying

was already described above.

Figure 4.9 and Table 4.9 show a HPLC chromatogram of phenolic
compound and the contents of individual phenolic compound in foam-mat dried UFR.
As shown in Figure 4.9, the chromatogram of foam-mat dried UFR was different from
other chromatograms shown earlier in Figure 4.7 and 4.8. It was found that much lower
intensity peaks was found in chromatogram of foam-mat dried UFR compared to
chromatogram of foam-mat dried RH and UFP. This result indicated that most of
phenolics can pass through ultrafiltration membrane with molecular weight cut-off 3
kDa.

Although all twelve phenolic compounds found in foam-mat dried rice
bean hydrolysate had molecular weight less than 3 kDa, some phenolic compounds for
example, gallic acid, catechol and ferulic acid were found in foam-mat dried UFR
(Table 4.9). This most likely due to incomplete separation of phenolic compounds from
rice bean hydrolysate by membrane ultrafiltration. As concentration of phenolic
compounds in foam-mat dried UFR were very low, the effect of drying temperature and
germination before enzymatic hydrolysis on content of each phenolic in foam-mat dried

UFR cannot be explained
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Table 4.8 Identification and quantification of phenolic compounds in foam-mat dried

ultrafiltration permeate hydrolysate (UFP) prepared from germinated rice bean (GRB)
and non-germinated rice bean (NGRB) dried at 60 and 70 °C

Phenolic content

Peak Retention  /ma (mg g™ dry sample)
no. Compoua time (min) (nm) ] ) ] ]
GRB dried GRBdried NGRB dried NGRB dried
at 60 °C at70°C at 60 °C at 70 °C
1 Gallic acid 147 275 254°:0.16 1.92°:0.09 230022 1.83%0.04
2 Catechol 215 275 1.82°%40.04 1.61%:0.10 1.79°:0.06  1.53°+0.02
3 4-Hydroxybenzoic acid®  38.1 265 0.03x0.00  0.03+0.00  0.02£0.02  0.02+0.00
4 (+)-Catechin 427 275 024°4001 0224001 0.21°:0.01  0.21°+0.01
5 Vanillin 486 280 0.03°:0.00  0.03°+0.00 0.02£0.00  0.02%£0.00
6  Epicatechin 507 275 1.30°40.06 1.09£0.08 1.14°:0.04  1.02"+0.03
7 p-Coumaric acid 540 320 0.12°£0.01 0.10°:0.00 0.09°+0.00  0.06*+0.01
8  Ferulic acid 551 320 0.43%0.01 0.39%+0.01 0.42"+0.01 0.40™+0.01
9  Rutin 594 360 0.60°:0.05 0.51°:0.04 0.70°:0.03  0.58"+£0.06
10 trans-Cinnamic acid 628 275 0.18°0.01 0.17°+0.00 0.18"+0.01  0.14°t0.00
11 Naringenin 641 280 0.59°+0.01 0.48%£0.01 0.58°:0.02  0.50°£0.01
12 Quercetin 649 360 0.12°0.01 0.10°+0.01 0.10°+0.01 0.09°+0.01

Mean values followed by different superscript letters in the same row are significantly

different (p <0.05)
GRB, germinated rice bean
NGRB, non-germinated rice bean
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Table 4.9 Identification and quantification of phenolic compounds in foam-mat dried
ultrafiltration retentate protein hydrolysate (UFR) prepared from germinated rice bean
(GRB) and non-germinated rice bean (NGRB) dried at 60 and 70 °C

Phenolic content

(mg g dry sample)

Peak Retention P
Compound . , - -
no. time (min) ..,y GRBdried GRBdried NGRB NGRB
at 60 °C at 70 °C dried at dried at
60 °C 70 °C
1 Gallic acid 14.7 275  0.52°+0.02 0.43'+0.03 0.49°+0.01 0.42°+0.02
2 Catechol 21.5 275  0.16°:0.00 0.12%+0.00 0.15°+0.01 0.11%0.00

3 4-Hydroxybenzoic acid™  38.1 265 0.01£0.00 0.01+0.00 0.01£0.00 0.00+0.00

4 (+)-Catechin™ 427 275 0.03£0.00 0.03£0.00 0.03£0.00 0.03£0.00
5 Vanillin™ 486 280 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00
6  Epicatechin 50.7 275 0.05°:0.00 0.03't0.00 0.04°0.00 0.04"+0.00
7 p-Coumaric acid™ 540 320 0.00£0.00 0.00:£0.00 0.00+0.00 0.00+0.00
8  Ferulic acid 55.1 320 0.21°%40.01 0.19"+0.00 0.20°+0.01 0.18"+0.01
9  Rutin 59.4 360 0.06°0.01 0.04't0.01 0.04°:0.00 0.03%+0.00
10 trans-Cinnamic acid™ 62.8 275 0.01x0.00 0.000.00 0.00+0.00 0.00£0.00
11 Naringenin 64.1 280 0.02°0.00 0.01°£0.00 0.02°+0.00 0.01%+0.00
12 Quercetin 649 360 0.01°:0.00 0.01°£0.00 0.01°£0.00 0.00°+0.00

Mean values followed by different superscript letters in the same row are significantly
different (p < 0.05)

GRB, germinated rice bean
NGRB, non-germinated rice bean
4.3.3 Antioxidant activities of foam-mat dried rice bean hydrolysate and its

membrane ultrafiltration fractions

Foam-mat dried RH, UFP and UFR, dried at 60 °C and 70 °C prepared from
GRB and NGRB were determined for antioxidant activities using colorimetric and

electron spin resonance (ESR) method.
4.3.3.1 Antioxidant activities measured using colorimetric method

Table 4.10 shows that ECso of foam-mat dried PH significantly

increased with increasing air-drying temperature (p<0.05). This trend can be observed
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in both foam-mat dried RH prepared from GRB and NGRB. In order to compare
antioxidant activities of these fractions with other standard antioxidant compounds,
ECso was converted to ascorbic acid equivalent antioxidant capacity (AEAC). From
Table 4.10, it can be seen that AEAC of foam-mat dried PH prepared from GRB and
NGRB were decrease from 2.52 to 2.25 and 2.43 to 2.22 mg ascorbic acid equivalent
per g foam-mat dried rice bean hydrolysate, respectively, after increase drying
temperature from 60 to 70 °C. The decrease of FRAP with increasing drying
temperature also found in foam-mat dried RH samples (Table 4.10). The reduction of
antioxidant activities of foam-mat dried samples in all fractions after increasing of
drying temperature was related with the decrease of extractable phenolic content and
extractable flavonoid content which exhibit antioxidant activity, as shown Table 4.6.
Auisakchaiyoung and Rojanakorn (2015) similarly showed that an increase in drying
temperature from 60 to 80 °C resulted in a significantly decrease in phenolic content
and antioxidant activities, ABTS and DPPH radical scavenging activity, of foam-mat
dried gac fruit (Momordica cochinchinensis). They therefore concluded that heat
treatment was the main reason for degradation of TPC, lycopene and [3-carotene which

affect antioxidant activity of dried product.

The germination before enzymatic hydrolysis was found to have a
positive effect on antioxidant activity of foam-mat dried rice bean hydrolysate. DPPH
radical scavenging activity and FRAP of foam-mat dried RH prepared from GRB was
slightly higher than those of foam-mat dried rice bean hydrolysate prepared from
NGRB. This might be because extractable phenolic content after 21 h enzymatic
hydrolysis of GRB was higher than that shown in NGRB (Table 4.4). The higher
amount of initial extractable phenolic content of protein hydrolysate of GRB may
contribute to higher extractable phenolic content and antioxidant activities of foam-mat

dried hydrolysate of GRB compared with foam-mat dried hydrolysate of NGRB.

DPPH radical scavenging activity and FRAP of foam-mat dried UFP
were significantly higher than those of foam-mat dried UFR (p<0.05). These results
indicated that both peptides size and amount of phenolics contribute to antioxidant
activity of foam-mat dried rice bean hydrolysate. The separation of peptides from

phenolics was further explained in Section 4.3.4. This was to investigate whether
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peptides or phenolics was the main contribution to antioxidant activity in foam-mat
dried RH.

Table 4.10 DPPH radical scavenging activity and FRAP of foam-mat dried germinated
rice bean (GRB) and non-germinated rice bean (NGRB) hydrolysate and its fraction

DPPH assay
ECso (mgml't) DPPH raglical FRAP (umol
Sample scavenging Trolox g dry
activity (umol bean)
Trolox® gt dry
bean)
Protein hydrolysate
GRB, 60 °C 1.54%+0.02 12.50%+0.55 3.54°+0.13
GRB, 70 °C 1.72°40.01 10.74°0.29 3.31%+0.12
NGRB, 60 °C 1.59%+0.03 8.24%+0.10 2.53%+0.16
NGRB, 70 °C 1.74°+0.03 7.93%+0.32 2.34%+0.11
Permeate fraction (<3kDa)
GRB, 60 °C 1.40%+0.05 12.51%+0.35 4.00™+0.11
GRB, 70 °C 1.56°+0.06 11.44%+0.41 3.87+0.08
NGRB, 60 °C 1.44%°+0.06 8.86"+0.06 2.84°+0.15
NGRB, 70 °C 1.61+0.03 8.22%+0.92 2.75"+0.16
Retentate fraction (>3kDa)
GRB, 60 °C 1.50°+0.09 12.62°+0.38 3.50°+0.04
GRB, 70 °C 1.629+0.05 11.66%+0.23 3.14940.39
NGRB, 60 °C 1.58%+0.09 8.67°+ 0.25 2.51%+0.09
NGRB, 70 °C 1.75%40.02 7.81%+0.10 2.31%+0.14

Mean values followed by different superscript letters in the same column are significantly
different (p < 0.05).

1 g of foam-mat dried GRB hydrolysate equivalent to 14.10 ml of hydrolysate, which 100 ml
of GRB hydrolysate equivalent to 32.96 g dry bean.

1 g of foam-mat dried NGRB hydrolysate equivalent to 14.12 ml hydrolysate, which 100 ml of
NGRB hydrolysate equivalent to 44.79 g dry bean.
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4.3.3.2 Antioxidant activities measured using ESR method

DPPH radical scavenging activity of foam-mat dried sample was
determined using both colorimetric and ESR method (Table 4.11). A sample of ESR
spectrum of DPPH radical was shown in Figure 4.10 a. The height of the third resonance
peak was evaluated. The results showed that DPPH radical scavenging activity of
hydrolysate of GRB and NGRB at the same concentration (1.5 mg ml™?) determined
using both colorimetric and ESR method tend to decrease as increasing drying
temperature. This might result from the reduction of extractable content which exhibit
antioxidant activity. There was a slight difference in value between the DPPH radical
scavenging activity obtained from colorimetric and ESR method. This difference was
probably because of its different measurement principle. Determination of DPPH
radical scavenging activity using colorimetric method is based on monitoring a decrease
in deep-violet color of DPPH radical at 517 nm. The absorbance of DPPH radical might
be interfered by other interferences. Teow et al. (2007) reported that anthocyanins in
the sample led to under-estimation of antioxidant activity using colorimetric method.
ESR method is based on the measurement the transition of unpaired electron under
magnetic field. ESR method investigates the fulfillment of the unpaired electron in
DPPH by measuring a decrease in signal intensity of the free radicals with no
interference from color pigment is observed. In this experiment the value obtained from
ESR method was 1.20-1.32 times higher than that of colorimetric method. Therefore, it
is important to consider that slight under-estimation of antioxidant activity might occur

when sample contains some interference.

Different mechanisms of foam-mat dried rice bean hydrolysate in
scavenging of free radical were studied via hydroxyl radicals and carbon-centered
radical. Since hydroxyl radical is powerful oxidation agent, hydroxyl radical is the
most reactive free radicals (Fontmorin et al., 2016). To scavenging hydroxyl radical,
foam-mat dried rice bean hydrolysate should have ability to be hydrogen donor to fulfill
the lone pair electron in hydroxyl radical and convert it to stable form.
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Table 4.11 Antioxidant activities of foam-mat dried rice bean protein hydrolysate
prepared from GRB and NGRB measured using colorimetric method and electron

spin resonance (ESR) method at concentration 1.5 mg mlt of protein hydrolysate

DPPH radical scavenging Hydroxyl (Sie?lrtt()e?gc-j
activity (%) radical .

Treatments — scavenging radical
colorimetric H

ESR method ity (O Scavenging
method activity (%) activity (%)

GRB, 60 °C  52.99°+2.83 63.77°+1.41 27.97°+0.39  70.60°+0.69
GRB, 70 °C  43.97%+1.48 58.19%+2.34 17.57%+1.06 67.23"+1.34
NGRB, 60 °C  46.36%+0.71 57.99%+2.06 27.81°+2.14  69.08°°+1.36
NGRB, 70 °C  44.23*+2.21 56.53%+1.48 16.74%+0.74 63.18%+1.75

Mean values followed by different superscript letters in the same column are significantly
different (p < 0.05).

GRB, germinated rice bean

NGRB, non-germinated rice bean

Carbon-centered radical is one of the major radical in food which can react
with molecular oxygen to give peroxyl radicals that stimulate lipid peroxidation,
converting lipid to lipid hydroperoxide (Wright, Shadnia and Chepelev, 2009). Foam-
mat dried rice bean hydrolysate can act as carbon-centered radical scavenger by transfer
hydrogen atom to this radical. This will convert carbon-centered radical into stable
compounds.

In this study both hydroxyl radical and carbon-centered radical in foam-
mat dried rice bean hydrolysate were investigated using ESR. To determine hydroxyl
and carbon-centered radical scavenging activity, the height of the second resonance
peak and the height of the of the first resonance peak were evaluated, respectively. The
samples of both ESR spectrum were shown in Figure 4.10 b and c. Table 4.11 shows
that hydroxyl radical scavenging activity and carbon-centered radical scavenging
activity significantly decreased with increasing drying temperature (p<0.05). This
might result from the reduction of extractable phenolic content due to increasing drying
temperature as described above. Foam-mat dried rice bean hydrolysate showed high
carbon-centered radical scavenging activity (63.18-70.60%), which displayed the

greatest capability to prevent lipid oxidation via peroxyl radical scavenging.
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(D) e

Control

Sample

Figure 4.10 ESR spectrum of (a) DPPH radical signal, (b) hydroxyl radical signal, and
(c) carbon-centered radical signal in the absence of protein hydrolysate (control) or with

protein hydrolysate (sample)
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The hydroxyl radical scavenging activity and carbon-centered radical
scavenging activity of foam-mat dried hydrolysate prepared from GRB was higher than
those from NGRB. These results shared similar trend with both DPPH radical

scavenging activity and FRAP determined using colorimetric method (Table 4.10).

4.3.4 Antioxidant activities of peptide and phenolic fraction separated from

foam-mat dried rice bean hydrolysate

Peptides and phenolics were separated from foam-mat dried RH, UFP and UFR
obtained from both GRB and NGRB using a solid phase extraction (SPE) column.
Figure 4.11-4.14 show chromatogram of phenolic compound which contained in
peptide and phenolic fraction from foam-mat dried GRB and NGRB at 60 and 70 °C. It
was found that most phenolics can be separated from foam-mat dried sample using C18
SPE column. However, gallic acid and catechol still remained in the peptide fraction.
This might be due to low hydrophobicity of gallic acid and catechol, which cannot be

separated using C18 SPE column.

The antioxidant activities of the obtained phenolics and peptides fraction were
shown in Table 4.12. The results showed that % DPPH radical scavenging activity and
FRAP of phenolic fraction obtained from foam-mat dried RH were 1.71-2.50 and 0.91-
1.49 times higher than those of peptide fraction. The results indicated that phenolics
were the main components responsible for the antioxidant activities of foam-mat dried
rice bean hydrolysate. Both lower molecular weight phenolic compounds, such as
phenolic acids and flavonoids, and the larger molecular weight phenolic compound,
such as lignin can act as antioxidant (Faustino et al., 2010). Over results showed that
antioxidant activity of phenolic compounds with molecular weight lower than 3 kDa
was significantly higher than that of phenolic compounds with higher molecular weight
(p<0.05) (Table 4.12).
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Table 4.12 DPPH radical scavenging activity and FRAP of peptide and phenolic
fraction of foam-mat dried germinate rice bean (GRB) and non-germinated rice bean
(NGRB) hydrolysate

DPPH scavenging activity FRAP

Sample (umol Trolox® gt dry bean)  (umol Trolox® g dry bean)
Peptide Phenolic Peptide Phenolic
fraction fraction fraction fraction

Protein hydrolysate

GRB, 60 °C 4.05°40.09  7.49+0.11 4.78+0.15  6.67%+0.11
GRB, 70 °C 3.92°40.15  7.29°+0.13 4.48°+0.17  6.01%+0.19
NGRB, 60 °C 2.67°+0.09  5.45°+0.10 2.83%+0.17 4.17%°+0.13
NGRB, 70 °C 2.61°40.12  5.20°+0.15 2.74"+0.05 4.029+0.24
Permeate fraction (<3kDa)

GRB, 60 °C 453+0.12  7.749+0.19 4.83'£0.23  6.999%+0.29
GRB, 70 °C 4.37+0.06  7.577+0.09 4.46°+0.17  6.20™+0.39
NGRB, 60 °C 2.97%40.07  5.62°+0.08 3.04%+0.14  4.38°+0.08
NGRB, 70 °C 2.91940.06  5.47°+0.07 3.029+0.11  4.49°+0.08
Retentate fraction (=3kDa)

GRB, 60 °C 2.37°+0.16  5.75%+0.11 2.617°+0.17  2.96°+0.27
GRB, 70 °C 2.27°+0.11  5.42°+0.08 2.50°+0.14  2.59°+0.18
NGRB, 60 °C 1.68%+0.06  4.18%+0.09 1.57%+0.12  1.52%+0.15
NGRB, 70 °C 1.61%+0.11  4.03%+0.09 1.50%+0.11  1.37%+0.13

Mean values followed by different superscript letters in the same column are significantly
different (p < 0.05).

1 g of foam-mat dried GRB hydrolysate equivalent to 14.10 ml of hydrolysate, which 100 ml
of GRB hydrolysate equivalent to 32.96 g dry bean.

1 g of foam-mat dried NGRB hydrolysate equivalent to 14.12 ml hydrolysate, which 100 ml of
NGRB hydrolysate equivalent to 44.79 g dry bean.
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The antioxidant activities of hydrolysate largely depend on peptide structure,
amino acid composition of the peptide and molecular weight of peptide (Tang et al.,
2009; Udenigwe and Aluko, 2011). It was found that the lower molecular weight
(<3kDa) showed significantly greater DPPH radical scavenging activity and FRAP than
the higher molecular weight fraction (Table 4.12). The reason was most likely due to
accessibility of small peptides and amino acids to the redox reaction system are greater
than large peptides and proteins (Chaléa et al., 2014). Ajibolaetal. (2011) also reported
that peptide with molecular weight lower than 1 kDa exhibited significantly higher
DPPH radical scavenging activity, FRAP and hydroxyl radical scavenging activities
compared to higher molecular weight peptide fraction (p<0.05). They suggest that the
high antioxidant activities of peptide with molecular weight lower than 1 kDa might be
due to the highest contents of total hydrophobic amino acids with strong antioxidant
activity. Lin et al. (2013) reported % DPPH radical scavenging activity of peptide
fraction obtained from soybean protein hydrolysate using membrane ultrafiltration with
molecular weight lower between 1-3 kDa was the highest, while the lowest was found
in peptide with molecular weight between 10-30 kDa.



CHAPTER V
CONCLUSIONS AND SUGGESTIONS

5.1 Conclusions

Germination led to an increase in crude protein content, total phenolic content
and reducing sugar content of rice bean. Pretreatment with 1% (w v?) citric acid
resulted in an increase in total phenolic content of germinated rice bean during
germination. The increase in crude protein content was due to an increase in protein
nitrogen. However, pretreatment changed some of the storage protein during
germination. Pretreatment and germination also caused an increase in DPPH radical
scavenging activity and FRAP. However, ethanolic extract possessed higher

antioxidant activities than the water extracts.

18 h-germinated rice bean with pretreatment (GRB) was selected to be
hydrolyzed using Flavourzyme® while non-germinated rice bean with no pretreatment
(NGRB) was used as control. Enzymatic hydrolysis led to an increase in free amino
group, degree of hydrolysis, extractable phenolic content, and antioxidant activities of
both hydrolysate from GRB and NGRB.

Dying rate of both treatments at 70 °C was higher than 60 °C. At both drying
temperatures, drying rate of hydrolysate of GRB was slightly lower than that of
hydrolysate of NGRB. The foam-mat drying of rice bean hydrolysate can be predicted
using model derived based on mass and heat transfer. Weibull distribution and Midilli
model were suitable to describe the drying characteristic of hydrolysate foam prepared
from GRB and NGRB. Higher drying temperature leads to melting between foam-mat
dried rice bean hydrolysate particles and led to a decrease in extractable phenolic
content, and extractable flavonoid content of foam-mat dried hydrolysate prepared from
both GRB and NGRB. Gallic acid, catechol, epicatechin and rutin were the major

compounds present in both foam-mat dried rice bean hydrolysates.

Antioxidant activities, measured using both colorimetric method and electron
spin resonance (ESR) method, of foam-mat dried rice bean hydrolysate decreased when

drying temperature increased. Lower DPPH radical scavenging activity was found
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when measurement using colorimetric method compared to that measurement using
ESR method. This trend was observed in both foam-mat dried hydrolysate of GRB and
NGRB. Higher antioxidant activity was found in foam-mat dried hydrolysate of GRB
compared with that of NGRB. Antioxidant activities of foam-mat dried rice bean
hydrolysate were from both peptides and phenolics. The low molecular weight peptide
(lower than 3 kDa) showed the higher antioxidant activities than high molecular weight
peptide (higher than 3 kDa). However, the main components responsible for the
antioxidant activity of foam-mat dried rice bean hydrolysate was phenolics.

5.2 Suggestions

The present study on foam-mat dried rice bean hydrolysate provides limited
information on further applications. Thus, further research should focus on:

1) The solubility study of foam-mat dried rice bean hydrolysate for food
applications.

2) The sensory evaluation of the foam-mat dried rice bean hydrolysate for food
applications.

3) The in vivo antioxidant activity of foam-mat dried rice bean hydrolysate.
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APPENDIX A
ASSAY TECHNIQUES

Appendix A.1 Total phenolics content (Waterhouse, 2005)

1. Prepare the sodium carbonate solution by dissolving 200 g of sodium
carbonate in 800 ml of distilled water and boil for 10 min. After cooling, a few crystals
of sodium carbonate was added to the solution and allow to stand for 24 h. Then the
solution was filtered through Whatman No. 1 filter paper. The volume is adjusted to
1000 ml with distilled water.

2. 1 ml of sample or standard solution of gallic acid at different concentration
was added into a 100 ml volumetric flask. 1 ml of distilled water was used as a blank.
70 ml of distilled water and 5 ml Folin-Ciocalteau reagent were then added. The
reaction mixture was then incubated at room temperature for 8 min.

3. 15 ml of sodium carbonates solution was added and made up the volume to
100 ml with distilled water and incubated at room temperature for 2 h.

4. The obtained solution was placed in a plastic cuvette. Its absorbance was
measured at 765 nm.

5. The absorbance of blank was subtracted from the absorbance of all samples
and standard.

6. The standard curve prepared from gallic acid was shown in Figure A.1. This
standard curve was used for estimation of the phenolic content (gallic acid equivalents)
in the sample.

Appendix A.2 Reducing sugar content (Fournier, 2005)

1. Prepare low-alkalinity copper reagent by combining the two solutions. The
first solution was prepared by dissolving 12 g of sodium potassium tartrate, 24 g of
anhydrous sodium carbonate, 4 g of copper sulfate, and 16 g of sodium hydrogen
carbonate in 450 ml of distilled water. The second solution was prepared by dissolving

180 g of anhydrous sodium sulfate in 500 ml of boiling water. These two solutions
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were added to 1000-ml volumetric flask and made up the volume to 1000 ml with

distilled water.

1.0
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Figure A.1 Gallic acid standard curve for total phenolics content determination

2. Prepare arsenomolybdate reagent by dissolving 25 g of ammonium
molybdate in 450 ml distilled water, then 21 ml of concentrated sulfuric acid and 25 ml
of distilled water containing 3 g of disodium hydrogen arsenate heptahydrate were
added. The mixture was stirred at room temperature for 24 h. This solution should be
stored in a brown bottle.

3. Prepare a standard curve of glucose using glucose concentration ranging from
5to 100 pg ml™.

4. 1 ml of sample, standard glucose solution, or blank was transferred in a test
tube and mixed with 1 ml of low-alkalinity copper reagent.

5. Heat the test tube containing reaction mixture in boiling water for 10 min.

6. Let the tubes cool down, then 1 ml of arsenomolybolic acid reagent was

added.
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7. The solution was transferred to a plastic cuvette and measured its absorbance
at 500 nm.
8. The standard curve prepared from glucose was shown in Figure A.2. This

standard curve was used for estimation of reducing sugar content (glucose equivalents)

in the sample.
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Figure A.2 Glucose standard curve for reducing sugar content determination

Appendix A.3 Preparation of standard amino acids

1. Prepare Waters AccQ. reagent, used for derivatization of amino acid, by
adding 1 ml of Waters AccQ. fluor reagent diluent into the vial containing Waters
AccQ. fluor reagent powder.

2. The solution was mixed thoroughly using a vortex mixer and incubated at
55 °C for 10 min.

3. Prepare the standard amino acid by pipette 40 pl of mixed 17 amino acid
stock solution (Amino acid standard H, Pierce, MA) into 6x50 mm test tube and dilute
with 960 ul of Milli-Q water. The concentration of each amino acid containing in the
solution was 100 pmol ml,

4. Pipette 1 to 20 pl of the standard amino acid into test tube and made up to 1
ml with Waters AccQ. fluor borate buffer. The obtained standard amino acid solutions

contained 10 to 200 pmol of each amino acid.
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5. The amino acid in the solution was derivertized by mixing 1 ml of standard
amino acid solution with 20 ul of Waters AccQ. Reagent and then the mixture was
incubated 55 °C for 10 min.

Appendix A.4 Total flavonoid content (Zhishen, Mengcheng, and Jianming, 1999)

1. 1 ml of sample or standard solution of catechin at different concentration was
added to 10-ml volumetric flasks containing 4 ml of water.

2. 0.3 ml of 5% (w v1) sodium nitrite was added into the flask to start the reaction.

3. After 5 min, 0.3 mL of 10% (w v) aluminium chloride was added into the
mixture. 1 min later, 2 ml of 1 M sodium hydroxide was added into the mixture.

4. The volume was made up to 10 ml with distilled water.

5. 2 ml of the solution was transferred into a plastic cuvette and its absorbance was
measured at 510 nm.

6. The standard curve prepared from standard solution of catechin was shown in
Figure A.3. This standard curve was for estimation of flavonoid content
(catechin equivalents) in the sample.
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Figure A.3 Catechin strandard curve for total flavonoid content determination
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Appendix B.1 Band intensity on SDS-PAGE gel using GeneTools software

Table B.1 Raw volume of each protein band of germinated rice bean under no

pretreatment calculated from the area of the intensity peak

Molecular
weight

(kDa)

Raw volume at different germination period

Oh

6h

12 h

18 h

24 h

169.85
103.20
76.01
64.66
60.48
51.01
40.76
33.61
29.57
27.06
19.73
18.21
15.84
14.85

607,703.50

1,727,897.38
1,847,637.25
2,003,592.63
1,076,876.63

10,018,361.00

843,725.31
1,776,063.50
1,997,690.88
1,709,871.00
56,436.61
106,579.95
190,634.56
191,188.75

1,106,541.00
1,949,228.63
2,364,517.00
2,118,310.00
1,026,408.38
9,332,681.50
791,164.13
1,703,618.50
2,617,278.25
1,876,424.00
58,370.09
23,229.59
188,014.08
81,652.50

1,693,110.38
858,717.81
1,833,789.25
1,838,474.50
777,105.13
9,413,262.00
444,443.69
1,825,117.75
2,261,007.25
1,865,252.88
54,713.38
24,769.03
142,868.13
69,181.91

2,061,140.50
1,023,787.50
1,742,992.25
1,631,958.75
908,459.50
9,432,737.00
396,809.25
2,004,551.63
2,342,438.75
2,160,366.75
47,440.72
55,094.50
90,262.13
65,725.69

2,032,426.25
1,266,893.50
1,704,642.75
1,491,842.00
780,389.81
8,506,253.00
387,965.31
2,071,333.63
2,400,767.31
2,318,264.00
33,028.45
80,112.92
79,208.25
9,989.44

Table B.2 Raw volume of each protein band of germinated rice bean with pretreatment

calculated from the area of the intensity peak

Molecular Raw volume at different germination period
weight
(kga) 0Oh 6h 12h 18 h 24h
169.85  634,270.50 1,133,210.69 1,543,181.50 1,533,307.13 1,429,578.13
103.20 1,654,662.31 1,480,513.97 1,370,086.84 1,077,908.13 1,174,580.48
76.01 1,373,526.63  1,846,759.75 1,267,609.75 591,287.88 243,349.77
64.66 2,090,810.38 2,118,616.88 1,908,283.13 1,650,387.63 833,985.63
60.48 543,584.19 644,955.13 591,054.38 563,907.19 487,051.50
51.01 10,006,567.00 8,977,106.00 8,757,625.25 7,909,652.50 6,937,854.50
40.76 646,966.11 478,017.81 422,619.00 258,380.86 173,642.28
33.61 1,732,639.00 1,929,127.19 2,388,513.88 2,154,077.88 2,282,926.72
29.57 2,093,067.63 2,374,554.38 2,501,234.13 2,724,354.00 2,774,516.63
27.06 2,082,841.00 2,133,754.50 2,409,610.00 2,420,313.00 2,530,653.75
19.73 57,733.88 57,578.00 44,816.05 28,220.31 25,114.44
18.21 52,179.81 29,176.61 121,807.77 34,113.53 58,315.70
15.84 110,978.53 112,291.41 97,884.34 45,542.55 26,151.19
14.85 182,035.41 76,992.36 66,426.06 36,178.63 9,167.59
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APPENDIX C
STATISTIC ANALYSIS

Table C.1 The ANOVA table showing the effect of pretreatment and germination
period on chemical composition of germinated rice bean

Chemical SOV df MS F Sig

composition

Moisture Treatment 9 96.907 113.075 0.000
Error 20 0.857
Total 30

Crude protein Treatment 9 3.210 1.818 0.127
Error 20 1.7766
Total 30

Carbohydrate Treatment 9 3.371 1.704 0.154
Error 20 1.979
Total 30

Crude fat Treatment 9 0.265 82.025 0.000
Error 20 0.003
Total 30

Ash Treatment 9 0.422 9.651 0.000
Error 20 0.044
Total 30

Total phenolic Treatment 9 1.191 55.725 0.000
Error 20 0.021
Total 30

Reducing sugar Treatment 9 0.894 22.483 0.000
Error 20 0.040

Total 30
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Table C.2 The ANOVA table showing the effect of pretreatment and germination

period on nitrogen content and TCA-soluble peptide of germinated rice bean

Nitrogen content SOV df MS F Sig
Total nitrogen Treatment 9 0.082 1.813 0.128
Error 20 0.045
Total 30
Protein nitrogen Treatment 9 0.122 3.413 0.011
Error 20 0.036
Total 30
Non-protein Treatment 9 0.047 0.972 0.491
nitrogen
Error 20 0.048
Total 30
TCA-soluble Treatment 9 0.011 39.631 0.000
peptide
Error 20 0.000
Total 30

Table C.3 The ANOVA table showing the effect of extraction solvent on antioxidant

activity of germinated rice bean under no pretreatment and with pretreatment

Antlo_x!dant Extract SOV Jf MS = Sig

activity

DPPH assay Water  Treatment 9 34.314 98.937 0.000
Error 20 0.347
Total 30

DPPH assay Ethanol Treatment 9 56.251 172.372 0.000
Error 20 0.326
Total 30

FRAP assay = Water  Treatment 9 2.857 35.910 0.000
Error 20 0.080
Total 30

FRAP assay Ethanol Treatment 9 4.608 103.459 0.000
Error 20 0.045
Total 30




Table C.4 The ANOVA table showing the effect of hydrolysis period on total

phenolic content and antioxidant activities of GRB and NGRB hydrolysate

Properties SOV df MS F Sig
Total phenolic of Hydrolysis 10 1.874 278.731 0.000
GRB period

Error 22 0.007
Total 32
Total phenolic of Hydrolysis 10 0.959 172.190 0.000
NGRB period
Error 22 0.006
Total 32
% DPPH radical Hydrolysis 10 10.262 116.918 0.000
scavenging period
activity of GRB
Error 22 0.088
Total 32
% DPPH radical Hydrolysis 10 10.214 192.352 0.000
scavenging period
activity of NGRB
Error 22 0.053
Total 32
FRAP of GRB  Hydrolysis 10 2.425 64.394 0.000
period
Error 22 0.038
Total 32
FRAP of NGRB Hydrolysis 10 0.975 52.044 0.000
period
Error 22 0.019
Total 32
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Table C.5 The ANOVA table showing effect of drying temperature and peptide size

on some properties of foam-mat dried rice bean hydrolysate

Properties SOV df MS F Sig
Moisture content  Hydrolysis 11 0.095 0.677 0.746
period
Error 24 0.140
Total 36
Water activity Hydrolysis 11 9.354x10° 0.108 1.000
period
Error 24 8.631x10°
Total 36
Total phenolic Hydrolysis 14: 3.693 299.150 0.000
content period
Error 24 0.012
Total 36
Total flavonoid  Hydrolysis 11 0.010 592.773 0.000
content period
Error 24 0.000
Total 36

Table C.6 The ANOVA table showing effect of germination and drying temperature

on phenolic compounds of foam-mat dried non-fractionated hydrolysate (RH)

Phenolic acids SOV df MS F Sig
Gallic acid Treatment 3 0.468 26.625 0.000
Error 8 0.018

Total 12
Catechol Treatment 3 0.067 18.372 0.001
Error 8 0.004
Total 12
4-Hydroxybenzoic  Treatment 3 6.6667x10° 8.000 0.009
acid
Error 8 8.333x10°®
Total 12
(+)-Catechin Treatment 3 0.001 5.9055 0.020
Error 8 0.000
Total 12
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Table C.6 (continue) The ANOVA table showing effect of germination and drying

temperature on phenolic compounds of foam-mat dried non-fractionated hydrolysate

(PH).
Phenolic acids SOV df MS F Sig

Vanillin Treatment 3 0.000
Error 8 8.333x10° 24.000 0.000
Total 12

Epicatechin Treatment 3 0.057 7.240 0.011
Error 8 0.008
Total 12

p-Courmaric acid  Treatment 3 0.001 25.067 0.000
Error 8 4.167x107
Total 12

Ferulic acid Treatment 3 0.020 31.105 0.000
Error 8 0.001
Total 12

Rutin Treatment 3 0.053 36.127 0.000
Error 8 0.001
Total 12

Trans-Cinnamic Treatment 3 0.001 12.9000 0.002

acid
Error 8 8.333x10°
Total 12

Naringenin Treatment 3 0.007 9.619 0.005
Error 8 0.001
Total 12

Quercetin Treatment 3 0.004 18.486 0.001
Error 8 0.000
Total 12
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Table C.7 The ANOVA table showing effect of germination and drying temperature

on phenolic compounds of foam-mat dried ultrafiltration permeate hydrolysate (UFP)

Phenolic acids SOV df MS F Sig
Gallic acid Treatment 3 0.329 16.327 0.001
Error 8 0.020

Total 12
Catechol Treatment 3 0.0660 14.852 0.001
Error 8 0.004
Total 12
4-Hydroxybenzoic  Treatment 3 0.000 1.333 0.330
acid
Error 8 7.500%10°°
Total 12
(+)-Catechin Treatment 3 0.001 10.185 0.004
Error 8 7.500x10°
Total 12
Vanillin Treatment 3 1.608x10° 14.846 0.001
Error 8 1.083x10°
Total 12
Epicatechin Treatment 3 0.044 14.1882 0.001
Error 8 0.003
Total 12
p-Courmaric acid  Treatment 3 0.001 89.833 0.000
Error 8 1.667x10°
Total 12
Ferulic acid Treatment 3 0.001 10.185 0.004
Error 8 7.500x10°°
Total 12
Rutin Treatment 3 0.019 8.022 0.009
Error 8 0.002
Total 12
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Table C.7 (continue) The ANOVA table showing effect of germination and drying

temperature on phenolic compounds of foam-mat dried ultrafiltration permeate

hydrolysate (UFP)

Phenolic acids Treatment df MS F Sig
trans-Cinnamic acid Treatment 3 0.001 17.792 0.001
Error 8 6.667x107
Total 12
Naringenin Treatment 3 0.010 48.333 0.000
Error 8 0.000
Total 12
Quercetin Treatment 3 0.000 3.619 0.065
Error 8 5.833x10°
Total 12

Table C.8 The ANOVA table showing effect of germination and drying temperature

on phenolic compounds of foam-mat dried ultrafiltration retentate hydrolysate (UFR)

Phenolic acids SOV df MS F Sig
Gallic acid Treatment 3 0.006 13.476 0.002
Error 8 0.000

Total 12
Catechol Treatment 3 0.001 36.779 0.000
Error 8 4.033x107
Total 12
4-Hydroxybenzoic ~ Treatment 3 3.056x107  1.222 0.363
acid
Error 8 2.500x107’
Total 12
(+)-Catechin Treatment 3 7.778x10°  4.667 0.036
Error 8 1.667x10®
Total 12
Vanillin Treatment 3 9.417x10® 12.556 0.002
Error 8 7.500%10°

Total
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Table C.8 (continue) The ANOVA table showing effect of germination and drying
temperature on phenolic compounds of foam-mat dried ultrafiltration retentate
hydrolysate (UFR)

Phenolic acids SOV df MS F Sig

Epicatechin Treatment 3 0.000
Error 8 3.083x10° 56.027 0.000
Total 12

p-Courmaric acid Treatment 3 8.333x10® 0.333 0.802
Error 8 2.500x10’
Total 12

Ferulic acid Treatment 3 0.001 5.219 0.027
Error 8 0.000
Total 12

Rutin Treatment 3 0.000 15.194 0.001
Error 8 2.770x10°
Total 12

trans-Cinnamic acid Treatment 3 1.861x10° 2.030 0.188
Error 8 9.167x10’
Total 12

Naringenin Treatment 3 4.044x10° 10.551 0.004
Error 8 3.833x10°
Total 12

Quercetin Treatment 3 3.333x10°  4.000 0.052
Error 8 8.333x10°
Total 12
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Table C.9 The ANOVA table showing effect of drying temperature and peptides size

on antioxidant activity of foam-mat dried rice bean hydrolysate

Antioxidant activity SOV df MS F Sig
ECso Treatment 11 0.037 13.994 0.000
Error 24 0.003

Total 36

DPPH assay Treatment 11 11.777 74.185 0.000
Error 24 0.159
Total 36

FRAP assay Treatment 11 1.044 39.379 0.000
Error 244 0.027
Total 36

Table C.10 The ANOVA table showing effect of germination and drying temperature
on antioxidant activities measured using colorimetric method and electron spin

resonance (ESR) method at concentration 1.5 mg ml of hydrolysate

Antioxidant activity SOV df MS F Sig
% DPPH scavenging  Treatment 3 53.136 13.66 0.002
activity (colorimetric
method)

Error 8 3.902
Total 12

% DPPH scavenging Treatment 3 30.4475 8.761 0.007

activity (ESR

method)

Error 8 3.478

Total 12
% Hydroxyl radical ~ Treatment 3 115,563  72.350 0.000
scavenging activity

Error 8 1.597

Total 12

% Carbon-centered  Treatment 3 30.815 17.174 0.001

radical scavenging

activity

Error 8 1.794

Total 12
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Table C.11 The ANOVA table showing effect of molecular weight fraction on

antioxidant activity of peptide and phenolic fraction of foam-mat dried rice bean

hydrolysate
Antioxidant  fraction SOV df MS F Sig
activity
DPPH Peptide  Treatment 11 3.009 268.749  0.000
scavenging
activity
Error 24 0.011
Total 36
DPPH Phenolic  Treatment 11 4.992 387.156  0.000
scavenging
activity
Error 24 0.013
Total 36
FRAP Peptide  Treatment 11 4131 184.602  0.000
Error 24 0.022
Total 36
FRAP Phenolic  Treatment 11 11.043  257.586  0.000
Error 24 0.043

Total 36
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