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ABSTRACT

The reactive oxygen species (ROS) induces an oxidative stress which
contributes to series of diseases, such as cardiovascular disease, Alzheimer's disease
and carcinogenesis. Moreover, ROS could cause damage to cells and DNAs as they
oxidize and modify some intracellular components and influence on mitochondria by
damaging its membrane integrity and membrane potential. Antioxidant compounds
play a key role in fighting against oxidative stress and could protect the cells against
free radicals and inhibit the oxidation. There has been a major interest in searching for
natural, efficient, and nontoxic antioxidants to replace the widely used chemical
compounds such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
propyl gallate (PG), and tert-butyl hydroquinone (TBHQ). Protein hydrolysate serves
as a valuable source of bioactivity as it consists of complex mixtures of peptides and
free amino acids exerting several biological activities such as antioxidant activity,
antimicrobial activity, and cytoprotective activity. In the palm oil industry, palm kernel
meal (PKM) is a main by-product and there were around million tons of palm kernel

meal produced each year in Thailand. It contains a high amount of protein (16 -18%)
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which could be serve as a source of protein hydrolysate. In this study, protein from
palm kernel meal was isolated and hydrolyzed with alcalase enzyme to obtain palm
kernel meal protein hydrolysate (PKMPH). The antioxidant activity of PKMPH was
evaluated in vitro using DPPH and ABTS assay. The results showed that PKMPH at
hydrolysis time of 60 minutes had a strong antioxidant activity with 1Cso values of
5.73£0.23 and 7.844+0.89 ug/mL as determined by DPPH and ABTS assay,
respectively. At concentration less than or equal to 125 ug/mL, PKMPH showed low
toxicity toward L929 mouse fibroblast cell. Furthermore, its cytoprotective effect on
H20: oxidative damaged L929 cells were determined. Results revealed that PKMPH at
concentrations ranging from 500-0.97 pug/mL could protect L929 cells from oxidative
damage. Thereafter, the bioactive peptide exerting antioxidant activity was separated
by Fast protein liquid chromatography and identified by mass spectrometry. Results
demonstrated nine peptide sequences with molecular weights ranging from 1084 and
1291 Da and composed of hydrophobic and negatively charged amino acids. In
conclusion, PKMPH or antioxidant peptide from palm kernel meal might be exploited

as functional feed for animal in the future.

Keywords: Palm kernel meal, Protein hydrolysate, Antioxidant activity,
Cytoprotective effect, Peptide
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CHAPTER 1
INTRODUCTION

Reactive oxygen species (ROS) and free radicals such as hydrogen
peroxide (H20z), singlet oxygen (*Oz) and hydroxyl radical (*OH) are by product of
mitochondrial oxidative metabolism.* They emerged as unstable molecule and highly
reacted with other molecules affecting human health and leading to various diseases
including cardiovascular disease, carcinogenesis and immune system.? 2 The
overproduction of ROS and deficiency in the ability of antioxidant to defense resulted
in an imbalance leading to oxidative stress in the body.* Oxidative stress can cause toxic
effects through by products of several metabolic pathways leading to major oxidative
damages at cellular level such as apoptosis, cellular signaling and gene expression.
These will stimulate lipid peroxidation, DNA and protein damage and deleteriously
effect on the living cell.> Oxidative stress is also associated with vascular disease,
Alzheimer disease (AD), aging process or involved in the dopamine cell degeneration
in Parkinson's disease (PD).%° There were numerous studies linking oxidative stress
with various diseases, where increased oxidative stress is clearly associated with the
development of these diseases. In our body, antioxidative compounds including
enzymatic and non-enzymatic antioxidants such as superoxide dismutase (SOD),
catalase (CAT), vitamin A, C, E, glutathione and flavonoids were found. They are
efficient in stabilizing or inactivating free radicals mediated oxidative damage before
they damaged the intracellular components resulting in the balancing of harmful
radicals which will maintain the human healthiness.'® In present, there were two sources
of antioxidants that can contribute to the prevention and inhibition of free radicals and
reactive oxygen species (ROS) which are synthetic and natural antioxidant. The
synthetic antioxidant such as butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), propyl gallate (PG) and tert-butyl hydroquinone (TBHQ) has
been widely used in food industry as food preservatives and for packaging purpose.t™
12 Unfortunately, there were several studies reported the significant adverse effects of
synthetic antioxidant to human health. Natural antioxidant compound from animal or

plant extract has gained an interest and could serve as an alternative natural antioxidant
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with more efficiency and low toxicity.

Protein hydrolysate is a complex mixture of different molecular sizes of
peptides and free amino acids obtained by degradation of peptide bond in native
proteins. It possesses beneficial biological and pharmacological properties. For
example, alfalfa leaf and sunflower protein hydrolysate were reported to exhibit free
radical scavenging ability. In addition, bioactive peptide released by enzymatic
procedure from whole protein molecule from alfalfa leaf, soybean and sunflower retains
multifunctional properties such as antioxidant and antimicrobial activities.>
Moreover, hemp seed and red seaweed protein hydrolysate also could aspects in human
well-being by affecting antihypertensive, cardioprotective and anti-diabetes. 1/
Marcone et al., 2015 and Tonolo et al., 2018 demonstrated milk-derived bioactive
peptide could prevent atherogenesis effects by inhibiting the NF-xB pathway and could
protect against oxidative stress in Caco-2 cells.'® ° In conclusion, protein hydrolysate
could serve as a valuable source of antioxidant peptides due to its bioactivity and low
toxicity.

Palm kernel meal (PKM) is a main by-product from palm oil industry with
millions of tons produced each year. Palm or Elaeis guineensis belongs to Arecaceae
family. PKM has high content of protein (16-19%), fat (12-20%) and fiber (16.7%) and
can be included in the diets of beef cattle, dairy cows, sheep, poultry and pigs with
different level of inclusion rate. In order to develop a value-added functional feed from
PKM, protein hydrolysate of PKM (PKMPH) could serve as a valuable source of
bioactive peptide, notably, antioxidant peptide. In this study, the PKMPH were
prepared and tested for its antioxidant activity and cytoprotective effect. In addition,
bioactive peptide exerting antioxidant activity were purified and identified. PKMPH or
antioxidant peptide from palm kernel meal might be exploited as functional feed for

animal in the future.

Objective

1. To evaluate the antioxidant activity and cytoprotective effect of palm kernel
meal protein hydrolysate.

2. To identify the antioxidant peptide from palm kernel meal protein

hydrolysate.
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CHAPTER 2
REVIEW OF LITERATURE

2.1 Oxidative stress

Oxidative stress refers to the disruption of the equilibrium causing
the imbalance between reactive oxygen molecules or radicals and antioxidants.?° This
situation related to various human health problem and pathologies such as oxidative
stress can cause cellular inflammation and cardiovascular disease.? NADPH oxidase
IS @ member of transmembrane protein responsible for transferring of an unpaired
electron from NADPH to the oxygen atom thus resulting in superoxide formation. The
reactive oxygen species (ROS) generation often occurs as a by-product.??
Adrenoleukodystrophy, a genetic disease, is also caused by oxidative stress within
mitochondria. The excess amount of ROS generated via metabolic process leads to the
expression of hypoxia-inducible factor-1 alpha which increases TNF secretion and
stimulates the liver damaged through immune response.?? Moreover, the oxidative
stress and mitochondria dysfunction can damage the cellular level of DNA and proteins
leading to aging.?* There is an increasing evidence of human disease conditions caused
by the production of ROS which is the results from oxidative stress such as diabetes,
cancer, and neurodegenerative diseases such as Alzheimer's.? 2627 In nature, our body
could produce antioxidants such as glutathione to fight against these free radicals or
slow down the damaged effect from these dangerous molecules.'® However, the rate of
antioxidant production in our body was decreased when we are older. Therefore, it has

to rely on an external source of antioxidants.

Ref. code: 25656212040056SFB



Lipid peroxidation is a deterioration of the lipid because of oxidation
process. It caused by the free radicals abstract an electron from the lipids of the cell
membrane. This further generates an unstable lipid radical, which can react with oxygen
atom forming a fatty acid peroxyl radical and eventually causes cell damaged. It often
occurs on polyunsaturated fatty acids (PUFA) located on the cell membrane because of
the double bonds containing methylene bridges (-CH2-) and the presence of hydrogen
atom which is highly reactive. There are three phases of this process: initiation,
diffusion(propagation), and termination. The product of this reaction is called lipid
peroxide or lipid oxidation product (LOP).?® Oxidative stress caused by the
accumulation of free radicals could destroy protein structure by three ways including
(i) protein oxidative modifications, especially specific amino acid, (ii) free radical-
mediated cleavage of the polypeptide and (iii) formation of protein cross-linkage due
to reaction with lipid peroxidation products.'® Moreover, the reactive oxygen species
such as hydroxyl radical (*OH) can damage the DNA or breakdown the DNA strand by
(i) addition to double bonds of DNA bases leads to single strand break and by (ii)
deoxyribose hydrogen atom abstraction from methyl group of thymine and each of the
C-H bonds of 2'-deoxyribose.?

2.2 Free radical

The free radicals are chemical molecules belonging to an unpaired electron
with at least one or more electron. It can be positive, negative or neutral (uncharged).
The unpaired electron can be regarded as part of chemical molecule which are easily
reacts with other molecule and eventually becomes an unstable molecule that can
damage the living cells in organism.® Free radical damage is one of the major cause of
human diseases such as cancer, cardiovascular disease, hearth attacks, and etc.3! Free
radicals can occur when the bonds between atoms are broken down. They are unstable
molecule and highly sensitive to react with nearby molecules in order to stabilize
themselves. As a result, the surrounding molecules received or lost the possessing
electrons, they become a new free radical which will continue to interact with other

stable molecules as a chain reaction.3?
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2.2.1 Free radical formation
Free radicals are formed by homolysis cleavage of chemical bond
named covalent, with each separated segment of normal molecule conserving one of
the paired electrons (Figure 2.1).The covalent bond can be broken down into two ways.
2.2.1.1 Homolysis or homolytic cleavage
The molecules typically required strong energy intake
from high temperature, UV light or ionizing radiation. When the bond was broken
down, each fragment is called radicals or free radical which is electrically neutral
charged.
2.2.1.2 Heterolysis or heterolytic cleavage
It is a bond cleavage where the paired electron splits to a
particular atom while the other atom receives no electron. As the results, electrons will
receive an anion and another side will lose the cation. This called “Ionic reaction”
The difference between homolytic cleavage and heterolytic cleavage,
homolytic cleavage results in unpaired electrons or free radicals whereas heterolytic

cleavage leads to ion pairs.

o~ heterolysis
— B

v

A AT+ B~ 1ons

homolysis

v

[ .
A : B Ae + Be radicals
)

Figure 2.1 The formation of free radical
Free radical could be generated by reduction reaction of an atom or
molecule. Moreover, the oxidation reaction can also cause the formation of free radical,

in which they lose their unpaired electron and resulting in the generation of an

electrically current or electron transfer (Figure 2.2).33

A+ e- > Ae-

Figure 2.2 The generation of free radical by electron transfer
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2.2.2 Sources of free radicals
There are two sources of free radical which are endogenous and
exogenous sources.
2.2.2.1 Endogenous sources
In the body, free radicals are formed from metabolic
processes. When the oxygen consumption is high, it will convert into single atom with
unpaired electron. In addition, ROS can be generated in immune cell signaling via the
NOX pathway.®* Host defense mechanism was also associated in the increasing of
reactive oxygen species. When the body was invaded with pathogen, the ROS called
“oxidative burst” was generated in the cell when macrophage and leukocytes were
triggered by various stimuli. NADPH oxidase produced oxygen molecule (O2) and this
oxygen molecule will be converted to hydrogen peroxide (H202) and eventually form
hypochlorite (HOCI) and caused damage to living cells.®® Therefore, endogenous free
radicals are generated from immune cell activation, inflammation, ischemia, infection
and cancer.>®
2.2.2.2 ExXogenous sources
Environmental factors play a key part in the activation of
reactive oxygen species. They can rapidly generate molecule such as hydroxyl radical
(*OH) and ionized water (H20%). Besides, chemical substances also affect the
intracellular cell damage. For example, metal catalysis by intracellular Fe?* and cuprous
oxide converted superoxide (O2+—) and hydrogen peroxide (H202) to additional amount
of hydroxyl radical (*OH) leading to various responses of an organism such as DNA
damage, bystander apathy and tissue injury.3” The examples of exogenous sources of
free radicals are smoking/alcohol, chemical, photo oxidation and UV irradiation.
2.2.3 Type of reactive species
Reactive species (RS) are produced during normal metabolism of
cells.®® They can be divided into two groups, (i) reactive oxygen species (ROS) and (ii)
reactive nitrogen species (RNS).
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(i) Reactive oxygen species (ROS)

Reactive Oxygen Species (ROS) are by product derived from oxygen
molecules during mitochondrial electron transport. ROS also referred to a number of
oxidants and reactive molecule in eukaryotic cells. In the oxidation reaction, ROS are
essential intermediates in which the oxygen atom contains single or unpaired electrons
in its outer shell of electrons. This structure leads to an oxygen atom which are more
responsive to the formation of radical. The addition of unpaired electron decreased the
number of oxygen atom leading to the increasing of ROS level formation in the cells
including, hydrogen peroxide, superoxide anion radical (O2-)and hydroxyl radical (HO)

etc.®® The example of reactive oxygen species (ROS) was shown in Table 2.1,

Table 2.1 Reactive Oxygen Species (ROS)

Reactive oxygen species (ROS)
Radicals Non-Radicals
02"~ Superoxide H202 Hydrogen peroxide
OH- Hydroxyl HOCI Hypochlorous acid
ROz2e Peroxly Os Ozone
RO- Alkoxyl 102 Singlet oxygen
HOze Hydroperoxyl ONOO Peroxnynitrate

Ref. code: 25656212040056SFB



(i)  Reactive nitrogen species (RNS)

The emergence of reactive nitrogen species (RNS) has been

conducted from nitric oxide (*NO) and superoxide (O2¢—) associated with oxygen

molecule. Nitric oxide radical were generated through enzymatic activity of inducible

nitric oxide synthase (iNOS) and NADPH oxidase.** They worked together with

reactive oxygen species (ROS) such as singlet oxygen (*O2) and hydrogen peroxide
(H202) causing the destruction of cellular proteins, lipids, RNA and DNA. The

increased production of RNS eventually caused the nitrosative stress.** RNS such as

nitric oxide, peroxynitrite and nitrogen dioxide are reported to associate in various

disease pathogenesis such as cardiovascular and neurodegenerative diseases.*? The

example of reactive nitrogen species (RNS) was shown in Table 2.2.

Table 2.2 Reactive Nitrogen Species (RNS)

Reactive nitrogen species (RNS)

Radicals

Non-Radicals

NO-+  Nitric Oxide
NOz¢  Nitrogen dioxide

ONOO
ROONO
N203
N204

HNO:?
NO2*

NO
NO*
NO2CI

Peroxynitrite

Alkyl peroxynitrites
Dinitrogen trioxide
Dinitrigen tetroixide
Nitous acid
Nitronium anion
Nitroxyl anion
Nitroxyl cation
Nitryl chloride
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ROS/RNS were mainly originated from mitochondria. They are by product
of normal cellular metabolism. *® The excess amount of reactive oxygen and nitrogen
species (ROS and RNS) have been associated with the development of several diseases
such as cancer, respiratory, neurodegenerative, and digestive diseases.** Interestingly,
ROS and RNS did not exhibit only damaged effects but also showed some beneficial
effects to the cells. For example, the role of ROS signaling involved in counteraction
of microbial invasion.* Other reactive oxygen species such as lipoperoxy! radical and

lipid hydroperoxide were found and caused harmful effects to the body.

2.3 Antioxidant

An antioxidant definition has been defined in various terms including

chemical, biological and biochemistry and medical definition.

Chemical definition
Antioxidant is defined as “any substance that, when present at low
concentration compared with that of an oxidizable substrate, significantly delays or
inhibits oxidation of that substrate”. This substance will contribute to inhibit or slow
down a chemical reaction leading to the formation of free radicals or reactive oxygen
species (ROS), called oxidation and reduction reaction promoted by oxygen or peroxide
radicals.*® 47
Biological definition
Antioxidant is defined as any natural or synthetic substance, which can
inhibit or slow the damage or extend shelf life of foods or supplement products induced
by oxygen molecules.*®
Biochemistry and medical definition
Antioxidant is defined as an organic biomolecule or any enzyme, which
can effectively oppose the harmful effects of oxidative stress when electrons were lost

during a reaction by an oxidation reaction occurring in eukaryotic tissues.48-°
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2.3.1 Type of antioxidant
The antioxidant molecule is responded to prevent or inhibit
the human metabolism damage caused by free radicals or reactive oxygen species. The
antioxidant can be classified into two types based on its activity as shown in Figure

2.3, which are enzymatic and nonenzymatic antioxidant.>

Antioxidants
|
[ |
Enzymatic Non-Enzymatic
* SOD *  Vitamin C
* (Catalase * Vitamin E
+ GPx * Carotenoids

*  Glutathione
* Flavonoids

Figure 2.3 Type of antioxidant

2.3.1.1 Enzymatic antioxidant
The enzymatic antioxidant such as superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx) operated by collapsing and
removing free radicals.®? The antioxidant enzymes can eliminate the hazard oxidative
products, such as superoxide anions into hydrogen peroxide (H202) and are
subsequently converted into water (H20) and oxygen molecule (O2).5 %
(i) Superoxide dismutase (SOD)

Superoxide dismutase (SOD) is antioxidant enzyme
that function to catalytically convert superoxide (O2.” ) radicals to oxygen (O2) and
hydrogen peroxide (H202).>® Superoxide (O2.”), a member of reactive oxygen species,
consists of two oxygen atom.>® The catalytic reaction of superoxide dismutase can be

demonstrated in the following equation (Figure 2.4)
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superoxide dismutase

202.7 +2H" » H02+ O2

Figure 2.4 The catalytic reaction of superoxide dismutase

SOD needs cofactor or catalytic metal ions and accordingly,
there are four different groups of SOD including iron SOD (FeSOD), manganese SOD
(MnSOD), copper-zinc SOD (CuzZnSOD) and nikel SOD (NiSOD) (Figure 2.5). Iron
SOD (FeSOD) is an enzyme found in chloroplast of plants and mitochondria of human.
FeSOD was also found in some bacterial cells such as E.coli.>” Manganese-containing
superoxide dismutase (MnSOD) typically presented in the peroxisomes and can also be
found in mitochondria.®® Copper-zinc SOD (CuzZnSOD) are usually found in
chloroplast and cytoplasm.®® The nikel SOD (NiSOD) was originally found in bacteria,

Streptomyces %° and cyanobacteria.®*

A. CuZnSOD-1BZO B. FeSOD-11SB C. MnSOD-1D5N D. NiSOD-1T6U

Figure 2.5 The active sites of (A) Cu/Zn-, (B) Fe-, (C) Mn-, and (D) NiSOD.%?

(i)  Catalase (CAT)

Catalase is responsible for catalyzing the H202
separation into water and O2 by using 2 molecules of H20zas substrate.®® It was mostly
found in plant and animal cells or the living organism. The catalytic reaction of catalase
can be demonstrated in the following equation (Figure 2.6).54 &

catalase
2H202 » 2H0+ 02

Figure 2.6 The catalytic reaction of catalase

Ref. code: 25656212040056SFB
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(ili)  Glutathione peroxidase (GPx)

Glutathione peroxidase is one of major antioxidant
enzyme found in cytosol and mitochondria. Glutathione is a tripeptide existing in two
forms which are reduced (GSH) oxidized (GSSG) form. Normally, glutathione exists
in reduced form.® Glutathione peroxidase consists of selenium in its active center and
involved in the antioxidant defense mechanism of several human diseases.®’ In order
to balance the oxidative stress and radicals in living organism, the reduced glutathione
will serve as electron donor and donate the unpaired electron to others unstable
molecule. In the reaction, hydrogen peroxide (H202) and organic peroxide (ROOH)
were converted to water and alcohol, respectively (Figure 2.7).%

GPx

2GSH + H202

GSSG + 2H20
or
2GSH + ROOH i GSSG + ROH + H20

Figure 2.7 The catalytic reaction of glutathione peroxidase

SODs converted superoxide radical into hydrogen peroxide
and molecular oxygen, whereas the catalase and peroxidases convert hydrogen
peroxide into water.%® A summary of enzymatic antioxidants and reaction was shown
in Table 2.3.

Table 2.3 The reaction and substrate of enzymatic antioxidant

Antioxidant Substrate Reaction
Fe/Mn/Cu/Zn SOD 202.” 20,." +2H* D H,0,+ O,
Catalase H202 2H,0, D 2H,0 + O,

) ) 2GSH + H,0, & GSSG + 2H;0
Glutathione peroxidase H202 or
2GSH + ROOH=>GSSG + ROH + H,0

Ref. code: 25656212040056SFB
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1. Non-enzymatic antioxidant
The defense mechanism of a non-enzymatic antioxidant such as
vitamin C, E and carotenoids is responsible for removal of radicals or oxidants which
are hazard molecules and by products from the exceed metabolism in cellular causing
various diseases in human.’
(1) Vitamin C
The ascorbic acid or known as vitamin C is water-
soluble antioxidant in human and act as an electron donor and can stimulate collagen
production in the skin (Figure 2.8A).7>7

OH

A HO B CH CH,0H CH CH,0H
E H 0 o ° o
HO 5 O
H H
OH o o
HO OH Ascorbate Ascorbic Free Radical Dehydroascorbate
acid (DHA)

Fig. 2.8 (A) Structure of vitamin C and (B) Redox metabolism of vitamin C

The ascorbate free radicals caused by the generation of the
oxidizable electron of ascorbate resulted in dehydroascorbic acid (DHA).
Dehydroascorbic acid (DHA) is an unstable molecule represented in oxidized form of
ascorbic acid.” ™ Moreover, the pro-oxidant or vitamin C can reduce Fe3* into
ascorbate-Fe?* (Figure 2.8B)."

(i)  Vitamin E

Vitamin E or o-tocopherol is a lipid soluble
antioxidants which can promote the defense mechanism against free radicals.”” There
were eight structures of vitamin E including four tocopherols (A) and four tocotrienols
(B) as shown in Figure 2.9. Tocopherols consisted of saturated phytyl side chain while

tocotrienols consisted of unsaturated isoprenoid tail.”
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| d-tocopherol d-tocotrienol

Figure 2.9 Structure of the naturally occurring forms of vitamin E®

Vitamin E can protect the cells from lipid peroxidation caused
by radicals in biological membrane via the oxidization of a-tocopherol which is a stable
form to tocopherol radical (Figure 2.10).2° By the presence of antioxidant such as

vitamin C or glutathione peroxidase, these radicals can be converted back to a stable

molecule.’!
CHa
HaC o CHy
CH
CHg ?
Alpha Tocopherol (Vitamin E)
Re* | Free radical
CHg
O m/ws
HaC o) CHy
H
CHs Chs

Tocopheroxyl Free Radical
(Oxidized Vitamin E)

Figure 2.10 Antioxidant activity of vitamin E
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Neutralized Neutralized fiee
free radicals radicals (lipids)
A

A b

GSSG ascorbate
NAD(P)H \ / \
Enzymatic\
A

a-tocopherol

/ radical \
\ Vitamin E /

y

1‘ege¢1e1‘aﬁoy Glutathione Vitamin C

NAD(P)" +H" GSH \‘ DHA
A 4

d-tocopherol

Neutralized free radicals
Collagen formation

Figure 2.11 Mechanism of antioxidant action of vitamin C, E and glutathione®

Figure 2.11 showed the free radicals defensing and the
reduced antioxidant regeneration of vitamins C and E, and glutathione.®? In general,
vitamin E is a lipid soluble and can function at the lipid membrane.® Lipid peroxidation
occurred at the membrane resulted in the emerging of free radicals at lipid bilayer area.
Then, vitamin E (a-tocopherol) which are stable molecule will receive the free radicals
and convert into vitamin E radical. Vitamin C (ascorbic acid) is coworking with vitamin
E and will further accept free radicals leading to the regeneration of the stable molecule
of vitamin E.84 8 Glutathione (GSH) also play a crucial role in this cascade reaction.
The reduced form of glutathione subsequently accepted the free radicals from ascorbic
acid radical (dehydroascorbic acid) then coupling with another glutathione molecule
and become to the oxidized formed (GSSG). For converting of oxidized glutathione
(GSSQ) into stable formed (GSH), vitamin C and dihydrolipoic acid helped to convert
GSSG back to GSH.84 8

(ili)  Carotenoids

Carotenoids are lipid-soluble component found in
plants, fruits and vegetables. There are over 750 structurally types of carotenoids found
in nature. Figure 2.12 presented four six of carotenoids including alpha-carotene, beta-
carotene, beta-cryptosanthin, lutein, lycopene, and zexanthin which can be converted
to retinol (vitamin A).8” The most potent antioxidant among six forms of carotenoids

are lycopene and beta-carotene. These carotenoids have the ability to bind more peroxyl

radical than other ROSs because of their oil solubility property. The peroxyl radical is
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caused by lipid peroxidation in the cell membrane. Therefore, carotenoids play a major
role in protecting the lipoprotein from ROS damage. When the carotenoid binds to free
radicals, it can delocalize free radicals formed through long conjugated double bonds

and thus the molecules are more stable.8 89

S NN N N S o-carotene
A e e VS ~ N -carotene
OH
SAAA " =, p-cryptoxanthin
OH
A N N lutein
HO
~ R V'S 1 Y Yl T N ~ =~ ~ lycopene
OH
L VS S N = zeaxanthin
HO

Figure 2.12 Structure of carotenoid
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2.3.2 Sources of antioxidant
2.3.2.1 Synthetic antioxidant

Synthetic antioxidant is chemically synthesized and widely
used in food industry as a preservative to help the prevention of lipid oxidation.!! The
example of synthetic antioxidant are butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), propyl gallate (PG) and tert-butyl hydroquinone (TBHQ) as
shown in Fig 2.13.% Butylated hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA) were developed to protect flaxseed oil from oxidative and extension of its shelf
life.t Synthetic antioxidants such as butylated hydroxytoluene and butylated
hydroxyanisole butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT)
have recently been reported to be a considerable cause of human disease such as

cardiovascular disease, carcinogenesis and liver damaged etc.°

H H OH
C(CH2)s3 (CHa)sC C(CHs)s
~C(CHa)s
OCHs OCHz CHz
BHA BHT
o OH
C(CHa)s HO@ OH
OH COOC:H;
TBHQ PG

Figure 2.13 Structure of butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), propyl gallate (PG) and tert-butyl hydroguinone (TBHQ).

2.3.2.2 Natural antioxidant
The examples of natural antioxidant are a-tocopherol,
vitamin A and C. The natural antioxidants from fruits and vegetables are mainly
polyphenol group such as phenolic acids, flavonoids and anthocyanins (Fig. 2.14). They
provided a wide range of biological effects against various diseases in human such as

anti-inflammatory, anti-aging, and anticancer.%2-%
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Figure 2.14 Structure of phenolic acids, flavonoids and anthocyanins.
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2.3.3 Classification of antioxidant

There were two types of antioxidants which are primary
antioxidant, also known as endogenous antioxidant, and secondary antioxidant. From
in vitro study, primary antioxidant produced via metabolic mechanism including
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) are
strongest antioxidant with high protection effect. Primary antioxidant converts free
radicals into a stable form that cannot further react with nearby molecules and this
reaction is called “the prevention of free radical formation”. On the other hand, the
secondary antioxidant such as vitamin A, C, E, carotenoid and flavonoid are only
derived from the natural sources. They act as an inhibiting molecule responsible for
scavenging reactive oxygen species (ROS) occurred in the cell. The secondary
antioxidant often function together with primary antioxidant to promote its scavenging
activity.% (Figure 2.15)

SOD _ |
X Primary Antioxidant
g&o Naturally produced by our body
S/
&'\\ CAT & GPx
g
S
<
$ Glutathione

Secondary Antioxidant

] . Only from dietary
Carotenoid, Flavonoid,

Vitamin A, C and E

Minerals

Figure 2.15 Classification of antioxidant
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2.3.4 Antioxidants defense mechanism
The antioxidant protection mechanisms against oxidative damage can
occur via the following mechanisms.

2.3.4.1 The scavenging of free radical
Antioxidant molecule serves as proton or electron donor to
free radicals to become a more stable molecule. When an antioxidant donate proton or
an electron, a new free radical is formed. In addition, this new free radical might react
with another antioxidant molecule to establish a stable product. In similar way,
antioxidant molecule can donate an electron or proton resulting in stable product. These
cascade reactions were also called as the interruption of radical chain reactions.®” % The

scavenging of free radical was demonstrated in Figure 2.16.

R:- +AH _ RH+ A-
RO- + AH _ ROH + A-
ROO- + AH _ ROOH + A-
R-+A: ———» RA

RO- +A- ——— > ROA

ROO: + A: — > ROOA

Antioxidant + O, ——— > Oxidized Antioxidant

Figure 2.16 The scavenging of free radical

2.3.4.2 Metal chelating
Metals are an important part of several functional and
structural components in living organism. The metal such as iron and copper acts as the
intermediate in the formation of free radicals causing cell damage.®® The increasing
level of oxidation reaction in body resulted from biological metal cation such as
Fe?*/Fe** and Cu?*.1® These metals accelerate the formation of various free radicals
such as peroxyl radical, hydroxyl radical and alkyl radical, as well as singlet oxygen.%
Therefore, having antioxidant substances bind to these heavy metals could help to slow
down the formation of free radicals in the body. The antioxidant substances that work
through this mechanism include vitamin C, citric acid, flavonoids and etc.102-105
2.3.4.3 Quenching of singlet oxygen
Singlet oxygen(*O2) is a major member of reactive oxygen

species (ROS). Itis unstable and highly reactive causing oxidative stress and eventually
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diseases in human.'® Carotenoids are known to be efficient quenchers of singlet
molecular oxygen.” It worked by inhibiting the function of singlet oxygen by
converting singlet oxygen molecule (*02) to triplet oxygen (302) and released the
energy in term of heat.1%
2.3.4.4 Enzyme inhibitor

The inhibitor acted by inhibiting the enzymes involved in the
formation of free radical. For example, lipoxygenase (LOX), a member of nonheme
iron-containing enzymes is a key enzyme that accelerate reaction of the deoxygenation
of polyunsaturated fatty acids (PUFAS) resulting in the production of hydroperoxyl
derivatives involved in cellular damaged.'® Several studies demonstrated that phenolic
compound derived from food sources like red wine and green coffee could inhibit the
activity of lipoxygenase by binding to an iron, a cofactor, leading to enzyme

inactivation.108 110

24 Palm

Palm (Elaeis guineensis Jacq) is a member of palm tree family. It has been
originated from the Gulf of Guinea, the tropical rain forest region of west and southwest
Africa. The oil productions obtained from two different parts of palm which are

mesocarp and endocarp are palm oil and palm kernel oil, respectively.'!

The scientific classification of palm

Kingdom Plantae
Subkingdom Tracheobionta
Superdivision Spermatophyta
Division Magnoliophyta
Class Liliopsida
Subclass Arecidae
Order Arecales
Family Arecaceae
Genus Elaeis Jacq.

Species Elaeis guineensis Jacq.
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The composition of palm oil fruit was shown in Figure 2.17. Palm seed
(Elaeis guineensis Jacq) consists of 3 parts including exocarp, mesocarp and shell. The
color of exocarp, an outer layer, varies depending on the species. However, the species
found in Thailand has a red outer layer. The next layer is mesocarp, a layer that contains
oil and fiber. The oil content in this layer is around 45-56%. Next to the seed layer is
shell. The innermost layer is the endosperm of the palm which is called the kernel. The
innermost kernel also contains large amount of oil content which is around 50%.*2
In the palm oil production process, there are by-products or leftover
materials consisting of palm oil sludge, palm press fiber, palm kernel, palm nut shells
and bunch trash as shown in Figure 2.18.
2.4.1 Palm oil sludge
Palm oil sludge is brown semiliquid mixture consisting of 4-5%
solids (mainly organic), 0.5-1% residual oil, and approximately 95% water.'*3 It is
generally disposed in palm oil plantations, which can cause the environmental
problems.!4
2.4.2 Palm press fiber
It is the shell part of the palm fruit that has been separated from
palm bunches. It is mostly used as fuel in factories.
2.4.3 Palm kernel meal
The palm kernel meal has the lowest content (4-5%) when
compared with other by-products. It is separated from the shell. When the oils were
extracted, the obtained fiber residues called palm kernel cake (dry, hard and sheet) and
palm kernel meal (fine powder).
2.4.4 Palm nut shell
Palm kernel shell is fibrous material containing approximately 8%
of whole palm bunches and can be us as the biomass fuel.
2.4.5 Palm bunch trash
It is the major by-product of the whole palm bunch after oil

extraction and used as a biomass fuel.
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Mesocarp

Kernel

Shell

Figure 2.17 The composition of palm oil fruit

Palm fresh fruit bunches

Bunch trash Palm press fiber Palm oil Palm kernel Palm nut shells

Palm oil sludge

Palm kernel oil Palm kernel meal

Figure 2.18 The product and by-products from palm oil extraction
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Palm kernel meal (PKM) is one of by-product from palm oil milling
or palm oil industry. The chemical composition of PKM was shown in Table 2.4. In
the agriculture, various by-products such as fronds, trunks, press fiber, empty fruit
bunches, kernel meal and kernel shells are generated from oil expeller extraction and
used for animal feed and animal nutrition food. PKM was used as a dietary ingredient
of poultry feeding instead of groundnut cake (GNC).!® In addition, PKM is an
alternative low cost energy food for lambs and other livestock.*'® Mohamed et al., 2003
reported the usage of PKM ingredients feed for feeding livestock. The recommended
level of palm kernel cake fed in swine is 15-25%. However, in some area, they fed
(PKC or PKM) to swine up to 40% without side effect. In addition, PKM or PKC is
used as a source of energy in cow. It commonly fed together with grass and other

concentrates around 30-50% because it contains high fiber.'t’

Table 2.4 The chemical composition of palm kernel meal*®

Chemical contents P el el
(%dry matter)
Oil content 2-8
Protein content 16-19.2

Crude fiber 16.7
Moisture 6.5
Ash 3.9

Fat 12-20
Carbohydrate 50

2.5 Protein hydrolysate

Protein hydrolysate is obtained by the breakdown of peptide bond
in proteins resulting in peptides with different molecular sizes and free amino acids.
The preparation of protein hydrolysate by structural alteration of their original proteins
could affect the physical and chemical properties of the protein such as molecular
weight, polarity and solubility.!'® The production of protein hydrolysate was generated

by various methods including physical, mechanical and chemical method.
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2.5.1 Physical method
The transformation of the protein structure or the process of protein
degradation can be performed in various ways such as heat-based physical method. It
is a traditional way to eliminate the microorganisms and reduce the toxicity**°.
2.5.2 Mechanical method
Mechanical method such as high-pressure processing (HPP) and
ultrasound wave (ultrasound) resulted in the breaking of bonds within protein
molecules. It was found to be effective in improving protein structure, resulting in
alteration of protein properties including the reduction in toxicity, allergy as well as
microbial elimination?,
2.5.3 Chemical method
Chemical method is the most commonly used methods. It can be
divided into three categories: acid, alkaline and enzymatic hydrolysis.
2.5.3.1 Acid hydrolysis
Acid hydrolysis was obtained by using inorganic acids,
sulfuric acid or hydrochloric acid. The use of sulfuric acid to digest protein will result
in a poor odor of protein, and when neutralized, calcium sulfate sediment is formed. In
addition, the usage of hydrochloric acid to hydrolyze protein will generate sodium
chloride or potassium chloride salt. In industry, hydrochloric acid is used to digest
protein since the resulting salt is commonly used in food and it has low or no negative
effect on the product. The process is uncomplicated, low cost and time saving.
However, there was the loss of amino acid typically tryptophan and may destroy the
amino acid particularly cysteine, serine and methionine.?
2.5.3.2 Alkaline hydrolysis
Alkali hydrolysis using sodium hydroxide, barium
hydroxide and potassium hydroxide caused less of tryptophan destruction than using acid
hydrolysis. However, some amino acids can undergo a racemization reaction, which is
the conversion of an L-form into a D-form. Moreover, it also destroys some amino acids

such as arginine, threonine and cysteine.?2 12
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2.5.3.3 Enzymatic hydrolysis

Enzymatic hydrolysis is one of the most popular methods
used because it showed high specificity, mild conditions and can control the digestion
level. In this method, the degradation rate is quite high compared to acid and base
hydrolysis. This is due to the specificity of an enzyme in cutting peptide bond. There are
two factors involved in enzymatic hydrolysis including type of enzyme and molecular
size of the protein substrate. For example, a large of protein size could provide the
cleavage site of enzyme more than small protein but the large protein might be given
small amount of single amino acid. Because of small proteins are short chain peptides
which contribute to more specific cleavage site, so they can give single amino acid than
a large protein. In addition, the enzyme-to-substrate ratio, duration, enzyme pH and
temperature affected the rate of hydrolysis as well. Typically, the hydrolysis process is
performed at the proper pH and temperature of individual type of enzyme, using proper
digestion conditions for enzyme activity to obtain the desired product.?*

Protein hydrolysate production using protease digestion is highly efficient
method since enzyme is specific to protein substrate and pH value. Proteolytic enzymes
also known as protease that catalyzed proteolysis in to short chain peptides. The
protease properties are diverged depending on their property such as optimal pH and
temperature, substrate specificity, active site and catalytic mechanism and stability
profile.?® They could be categorized into two types which are endoprotease and
exoprotease. Endoproteases such as pepsin and trypsin, are enzyme act in interior site
of protein by digesting peptide bonds within protein molecules and generating peptide
chains. Carboxypeptidase and amino peptidase are example of exoprotease which they
will break down peptide bond at terminal site to release single amino acid.

An example of a plant-based protease is papain and bromelain. An example
of protease from animal is pepsin. Nowadays, protease enzyme from microorganisms
such as alcalase, flavourzyme and neutrase enzyme were used in the industry. Alcalase
was extracted from Bacillus subtilis and can be classified as endoprotease with optimum
temperature during 55-60 °C and has an optimal pH in the range of 8-8.5.1%° Flavourzyme
was produced from Aspergillus sp. It is classified as both endo-peptidase, an enzyme that
breaks down the internal peptide bonds of polypeptide and exo-peptidase to breakdown

peptide bonds from the ends of the polypeptide or protein chain. The optimum
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temperature is 50-60 °C and the optimum pH is in the range of 6-7.127-128 The neutrase
enzyme is produced from Bacillus amyloliquefaciens. It is an endoprotease with the
optimum temperature at 45-55 °C and the optimum pH is in the range of 5.5-7.
Additionally, there are other protease, such as trypsin, protamex, and pronase, etc.
Although the protein hydrolysis using protease enzymes is highly efficient but it is high
cost. In addition, during protein hydrolysis process, degree of hydrolysis (DH) should be
considered. Degree of hydrolysis (DH) is defined as the percentage of cleaved peptide

bonds in a protein hydrolysate.?°
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2.5.4 Biological activity of protein hydrolysate
2.5.4.1 Antioxidant activity

Protein hydrolysate is a source of bioactive substances,
especially bioactive peptides. The role of protein and peptide is related to antioxidant.
For example, the ability of protein and peptide to reduce oxidative rancidity, an
important issue in the food industry. There were several pathways in which protein or
peptide could act as antioxidative substance such as the inhibition of the singlet oxygen
causing lipid peroxidation and DNA damage through constitutive antioxidant defense
systems such as free radical scavenging. In addition, chelating agents can also stabilize
prooxidative transition metals which could promote antioxidant capacity. Inamino acid
molecules, it consists of R group such as hydrophobic and hydrophilic. As a result, the
properties of amino acids such as water solubility, acidity, base, polarity and non-
polarity are different. Hence, the antioxidant activity of protein hydrolysate depends on
their peptides and amino acid compositions. Basic amino acids containing-basic side
chains (histidine, arginine and lysine), sulfur-containing amino acid (cysteine and
methionine) or amino acid with aromatic side chain (tryptophan, tyrosine, and
phenylalanine) were reported to have a strong antioxidant activity.**® The chelation of
prooxidative transition metals was reported involving the -NH group of the imidazole
ring which also inhibit free radicals reaction by proton donating capability.*3
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There were several studies reported the antioxidant activity of
protein hydrolysate. The hydrolyzed protein of Moringa oleifera seed protein provided
better antioxidant activity than the unhydrolyzed proteins.’® Chickpea protein
hydrolysate (CPH) obtained by enzymatic hydrolysis showed the ability to fight against
free radicals. The amino acid composition and hydrophobicity of CPH was found to be
related with its antioxidant property'3. The protein hydrolysate of Hordeum vulgare
L., known as barley, exhibited antioxidant activity. The protein hydrolysate of
Hordeum vulgare L. hydrolyzed with flavourzyme and alcalase had higher free radical
scavenging activity, Fe?* -chelating ability and superoxide radical scavenging capacity
than pepsin enzyme. Bamdad et al., 2011 reported that the molecular weight of peptide
in protein hydrolysate was also related to the antioxidant activity in which medium and
large sized barley hydrolysate fraction was most contributed to antioxidant activity. It
because of the specific structure of the hordein which is a storage protein of barley. It
contains high amount of hydrophobic group so they can act as hydrogen donor.3* Palm
kernel meal hydrolyzed with different proteases (alcalase, chymotrypsin, papain,
pepsin, trypsin, flavourzyme, and bromelain) showed high antioxidant activity.t®
Protein hydrolysate is a natural bioactive substance that is suitable as an ingredient in
food and cosmetics, especially its anti-oxidation properties which are of particular
interest due to its ability to conduct to replace synthetic antioxidants such as BHA,
BHT, and TBHQ.
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2.5.4.2 Antimicrobial activity

In recent year, a crucial problem caused by living
microorganism especially bacteria have gained much attention in many fields such as
dietary, cosmetics and pharmaceutical industries. The protein hydrolysate isolated from
various natural sources exhibited antimicrobial activity. Lucie et al., 2015 showed the
first report on the antibacterial peptide derived from brown algae protein hydrolysate.
The hydrolysate with molecular size >10 kDa was able to decrease the growth rate of
Staphylococcus aureus.™®® Puji et al., 2019 reported that Etawa goat milk hydrolysate
hydrolyzed by bromelain enzyme displayed antimicrobial activity against Escherichia
coli and Staphylococcus aureus.® Bioactive peptide derived from chia seed with
antibacterial property was reported by Aguilar et al., 2020. The research demonstrated
that chia seed protein hydrolysate with molecular weight < 3 kDa could inhibit the
growth of Escherichia coli, Salmonella enterica, and Listeria monocytogenes. This
could be help to decrease or prevent the food-borne diseases and food spoilage.'®
Rameshkumar et al., 2009 showed that the peptide derived from the haemolymph of
Thalamita crenata crabs possessed an antimicrobial activity.'® In addition, The
antimicrobial activity of protein hydrolysate applied as cosmeceuticals was also
studied. The collagen hydrolysates from skin of marine fish (Chanos chanos)
hydrolyzed using Bacillus proteases. possessed an antioxidant activity and antifungal
activity against C. albicans.'4
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2.5.4.3 Immunomodulatory activity

Several diseases for example, rheumatoid arthritis, anti-
inflammatory, diabetes, asthma and allergic disease are related to immunity system, so
many researchers are interested in studying and developing these immunomodulatory
products.'** 142 In addition, immunomodulatory products are also received attention in
industrial field. The different length of hydrolysate is responsible for different target.
There were 3 levels of protein hydrolysis which are extensive, partial and mild
hydrolysis. Extensive hydrolysis and partial hydrolysis can prevent symptoms in
allergic individuals and prevent allergic sensitization, respectively. In part of mild
hydrolysis, it is help to improve digestion. Parker et al., 1984 reported the protein
hydrolysate from casein can activate an antibodies generation in mouse, and can
increase phagocytosis ability of mouse macrophages against sheep erythrocytes. In vivo
study reported that the injection of casein hydrolysate to mature mice can prevent the
infection of gram-negative bacteria (Klebsiella pneumoniae).** Moreover, Van et al.,
2011 reported that a decrease in acute allergic skin symptoms in mouse model was
investigated after exposure with partial whey hydrolysate.*** Protein hydrolysate can
contribute immunomodulatory effects in the cell by several mechanisms. Protein
hydrolysate can directly stimulate receptor signaling or can be brought into the cell via
a protein transporter and interfere the inflammatory signaling pathways. Besides this,
the endocytosis and inhibit inflammatory signaling pathways can support protein
uptake into the cell. Toll-like receptors (TLRs) play critical roles in the innate immune
receptor signaling. Iskandar et al., 2012 reported that whey protein hydrolysates could
decrease IL-8 secretion and involved in Toll-like receptors (TLRs) pathway which
could decrease the binding of lipopolysaccharides to Toll-like receptor. This might be

help to increase extracellular antioxidant ability.4
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2.5.4.4 Cytoprotective activity

The numerous studied reported that protein hydrolysate
could protect the cells. Zhang et al., 2019 showed the cytoprotective effect of the edible
sac fungi (Morchella esculenta) protein hydrolysate. It could protect Caco-2 cell against
H202 which can cause oxidative stress, cell damage, cell injury and suppressed cell
apoptosis by increasing cell viability, enhancing the inhibition level of intracellular
ROS and malondialdenyde (MDA) generationtion.!*®  Cai et al., 2019 also
demonstrated pentapeptides derived from protein hydrolysate of swim bladder from
marine fish (Miichthys miiuy) could improve the survival rate of cells from oxidative
damage. The researcher explained that the action of protein hydrolysate depends on the
composition, length and molecular size of peptide and amino acid. The hydrolyzed
protein containing short sequences with 2-20 amino acid residues exhibited high
activity since they were digested into small peptide chain which could more easily react
with other radicals to protecting cell from oxidative injury.*” 18 In addition, there were
reports on the cytoprotective effect of protein hydrolyzed from plant sources. Liu et al.,
2017 indicated that the antioxidant peptides fraction from hazelnut protein hydrolysate
could affect cell viability by protecting cell against Ang Il via inhibiting oxidative
system and DNA damage.'*® Mung bean protein hydrolysate had no cytotoxicity
against mouse liver cell line, Nctc-1469 cell. They could protect Nctc-1469 cell from
hydrogen peroxide-induced oxidative damage through decreasing the content of lactate
dehydrogenase (LDH) and reduce the production of MDA.™® Moreover, peptide
EDIVCW, MEPVW, and YWDAW from Lophius litulon protein hydrolysate
demonstrated significant protection of HepG2 cells from hydrogen peroxide-induced
cell damage by decreasing MDA and ROS level including stimulating intracellular
antioxidant enzymes of superoxide dismutase (SOD), catalase (CAT), and glutathione

peroxidase (GSH-Px) in the cells.!!
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2.6 Palm kernel meal hydrolysate

In recent year, protein hydrolysate derived from palm kernel meal
much gain attention to research. Because of it contains 16-18 % of protein. In the
agriculture industry, palm kernel meal is a by-product of palm oil extraction result in a
numerous of waste but they could exert the beneficial in terms of use as animal feeding.
Moreover, protein hydrolysate which modified from parent protein could exhibit
functional activity more than their native form. Table 2.5 showed several studies
reported their multifunctional bioactivity of palm kernel meal protein hydrolysate.

2.6.1 Palm kernel cake hydrolysate with antioxidant activity and

toxicity

There were several studies reported the antioxidant activity of
palm kernel cake. Zarei et al., 2014 demonstrated the peptide sequences of palm kernel
cake protein hydrolysate which showed high radical scavenging activity of 71% as
determined by by DPPH assay.'®? In addition, The palm kernel cake protein hydrolysate
hydrolyzed by papain enzyme revealed a strong antioxidant activity (65 + 0.25%) when
compared to other hydrolysates such as trypsin, pepsin, alcalase, chymotrypsin,
bromelain, and flavourzyme.**® A previous study also evaluated the antioxidant activity
and toxicity of palm kernel cake protein hydrolysate (PKCPH) hydrolyzed by alcalase
enzyme. Results revealed that PKCPH fraction 1 contained a moderate amount of
hydrophobic (23.60%) and amino acids with antioxidant activity (26.10%) such as Asp,
Glu, His, Lys, Met and Tyr. As a result, it has the highest antioxidant activity.
Furthermore, the highest dosages of PKCPH (2 mg/mL) and PKCPH1 (1 mg/mL)
showed high cell survival (87-92%) and slight cytotoxic activity. Therefore, palm

kernel cake had a potential as a valuable source of natural antioxidants.
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antiradical property through
using DPPH radical
scavenging capacity and
ABTSe+ radical scavenging

capacity assay.

Source of Hydrolyzed ) -
) Bioactivity results Reference
protein enzymes
Palm kernel | Alcalase, DPPHeradical scavenging Zarei et al.,
cake chymotrypsin, activity and OPA assay assay, | 2012
papain, pepsin, were usued to evaluate
trypsin, antioxidant activity and
flavourzyme, and degree of hydrolysate
bromelain respectively.
Palm kernel | Papain, pepsin, The antioxidant peptides of Zarei et al.,
cake trypsin, PKC that isolated from papain | 2014
flavourzyme, Enzyme showed DPPH-
bromelain and radical scavenging activity
chymotrypsin and metal chelating activity.
Palm kernel | Alcalase, pepsin, Bioactive peptides isolated Yajun et al.,
expeller trypsin and from PKEG exhibited potent | 2017
glutelin-2 flavourzyme non-competitive ACE
(PKEG) inhibition, non-toxic to
EA.hy 926 cells and they
could exert antihypertensive
capability via down-regulate
the intracellular ET-1 content
Palm kernel | Trypsin The PKC protein Ng et al.,
cake hydrolysates exhibited potent | 2013

Ref. code: 25656212040056SFB




35

Table 2.5 The bioactivity of palm kernel meal protein hydrolysate. (Cont.)

Hydrolyzed enzymes

Source of ) ) -
protein or.fermentatuve Bioactivity results Reference
microorganism
Palm kernel | Lactobacillus casei Low molecular weight Mohamad et
cake ATCC334 peptides generated from al.,2020
PKC showed antifungal
activity in bread which
could reduce the amount of
conidia in bread result in
slow down growth rate of
fungi.
Palm kernel | Novozyme, The carbohydrates in PKC | Cervero et al.,
cake gammanase, were demonstrated a 2020
mannaway, ultraflo, potentially utilized for
pectinex, celluclast liquid fuel production and
and mannosidase they could be promoted
protein content in animal
feed due to after extracting
sugars for fermentation, the
residues contained higher
protein content.
Palm kernel | Alcalase and tryptic Palm kernel cake Tan et al.,
cake hydrolyzed by two 2013

enzymatic, both of them
showed

antibacterial activity which
they could disrupt
membrane integrity of B.

cereus.
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CHAPTER 3
RESEARCH METHODOLOGY

3.1 Protein isolation from palm kernel meal

The palm kernel meal protein (PKMP) wase isolated using a modified
method of Zarei et al., 2012.2 Fifty grams of PKM was grinded and defatted with
hexane. The defatted PKM was dried overnight or until hexane was completely
evaporated. The protein was isolated from defatted PKM by dissolving PKM in 0.03 N
Sodium hydroxide (NaOH) solution at ratio of 1:10 (w/v) and extracted by stirring at
room temperature for 1 h. During stirring, the pH value of the sample solution was
continuously adjusted to 11. After centrifugation at 10,000 x g, 4 °C for 20 min, the pH
of the supernatant was adjusted to 3.5 which is the isoelectric point of PKM protein.
Then, the precipitate was obtained by centrifugation at 8,820 x g, 4 °C for 10 min. The
precipitate was dissolved with deionized water, the pH was adjusted to 7 and protease
inhibitor was added immediately to avoid protein degradation. The protein was stored
at —20 °C until used.

3.2 Preparation of PKM protein hydrolysate

Palm kernel meal protein hydrolysates (PKMPH) was prepared according
to the method described by Zarei et al., 2012 with minor modification.'>® The pH of
PKM protein was adjusted to 7.5 and heat to 55 °C for 2 minutes. After that, the mixture
was mixed with 2% alcalase enzyme at ratio 1: 50 (w/v) and incubated at 55 °C for 15,
30, 60 and 120 minutes. The reactions were stopped by heating the mixture at 100 °C
for 10 min. After centrifugation (4,000 rpm, 4 °C, 20 min), the supernatant was

collected and stored at —20 °C until use.
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3.3 Degree of hydrolysis determination

Degree of hydrolysis (%DH) is defined as a ratio of cleaved peptide bond
of protein hydrolysate, was calculated by using o-phthaldialenyde (OPA). DH was
prepared according to the method described by Nielsen et al., 2001 with slightly
modification. Firstly, sample was mixed with 215 pl of OPA reagent. The OPA reagent
composed of 25 mL of 100 mM sodium tetraborate, 2.5 mL of 20%(w/v) SDS solution,
1.0 mL of 40 mg/mL of OPA dissolved in methanol and 100 pL of beta-mercaptothion.
After that, the mixture was mixed for 5 second and incubated for 2 minutes at room
temperature. The absorbance was measured at 340 nm and the obtained absorbance

was calculated with following equation.

Equation:

ODsample g ODcontrol a ODstandard

%DH = x 100

ODsample

3.4 Protein and peptide analysis by SDS PAGE

Electrophoresis was prepared according to method described by Yajun et
al.,2015.%* SDS-PAGE was performed on 5 % acrylamide gel and 12% acrylamide
separating gel using gel electrophoresis. The sample was directly dissolved with
deionized water and 4X sample buffer. After that, sample was incubated at 95 °C for 5
minutes. The electrophoresis was run at 50 V in stacking gel and 120 V in separating
gel until the tracking dye reached the bottom of gel. After that, the gels were fixed with
fixative solution (40% methanol + 10% acetic acid and 50% deionized water) and
washed three times with deionized water before staining with Coomassie Brilliant Blue
R-250 for overnight. After that, gels were destained in a deionized water. Molecular

weight of the protein bands was estimated using protein marker.
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3.5 Determination of free radical scavenging activity

3.5.1 DPPH radical scavenging activity

DPPH assay was used to study the antioxidant activity of protein
hydrolysate.'® 2,2-Diphenyl-1-picrylhydrazyl, a stable radical substance that used to
test the capacity of organic compound to serve as unpaired. When DPPH reacts with a
sample that act as proton-donating substance, the radical will be scavenged. The
antioxidant reaction was investigated by colorimetric change of mixture solution from
purple to yellow. The DPPH assay was performed in accordance with Yazdi et al., 2013
with slightly modification. One hundred pl of sample (at concentration of 500-0.97
ug/mL) was mixed with 100 pl of freshly prepared DPPH reagent and incubated at
room temperature for 30 minutes. After incubation, the absorbance at 517 nm of
mixture was measured using microplate reader, and the obtained absorbance was
calculated as % decolorization with following equation. ICso or half maximal inhibitory
concentration was determined by nonlinear regression (curve fit) using GraphPad Prism
7.00 program. L-Glutathione (at concentration of 500-0.97 pg/mL) and water were used

as positive and negative control, respectively.

Asample

%Decolorization = 1 — ( ) X 100

control

3.5.2 ABTS radical scavenging activity

2,2'-azino-bis (3- ethlybenzthiazoline-6-sulphonic acid) or ABTS in
combination with potassium persulfate is converted to cation radical (ABTS"). The
antioxidant will serve as free radical cation donation to ABTS" and convert to ABTS,
which is more stable. The scavenging reaction was observed by the measurement of
absorbance at 734 nm. Fifty ul of sample (at concentration of 500-0.97 nug/mL) was
mixed with 200 pl of freshly prepared ABTS solution and the absorbance of the mixture
was immediately measured at 734 nm using microplate reader, and the obtained
absorbance was calculated as % ABTS with following equation. 1Cse or half maximal

inhibitory concentration was determined by nonlinear regression (curve fit) using
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GraphPad Prism 7.00 program. L-Glutathione (at concentration of 500-0.97 pg/mL)

and water was used as positive and negative control, respectively.

Acontrol - Asample

%ABTS = ( ) % 100

Acontrol

3.5 Cytotoxicity determination

MTT assay is a technique for measuring cellular metabolic activity, an
indication of whether the cell is capable of proliferating cells. When MTT was reduced
by mitochondrial reductase enzyme in mitochondria of living cells, the MTT reagent
(yellow dye) was converted to an insoluble purple formazan and the absorbance was
measured at 570 nm. Cell viability was investigated by the increasing of purple color
of mixture solution. ' The cytotoxic capacity was observed using MTT assay
according with Frederico et al., 2009. L-glutathione is an antioxidant compound
produced by human body. It is a protein protecting cells and tissues from being
destroyed by free radicals that accumulate in various parts of the body. Thus L-
glutathione (500-0.97 ug/mL) was used as a positive control. L929 mouse fibroblast
cells (10% cell/well) were seeded in Gibco Dulbecco's Modified Eagle Medium
(DMEM) medium supplemented with 10% fetal bovine serum (FBS) and 1% of
penicillin-streptomycin (pen-strep) in 96 well culture plate. After that, plate was
incubated with 5% CO2, 37 °C for 24 h until total adhesion to plate surface. The medium
was replaced with fresh supplemented medium containing different concentration of
palm kernel meal hydrolysate (500-0.97 ug/mL) and 0.4 mg/mL stock solution of MTT
reagent in PBS was added (100 ul). Then, cells were incubated at 37°C 5% CO: for 3
h. After incubation, MTT solution was discarded and 100 ul of 100% DMSO was
added. The extent of MTT reduction to formazan within cells were measured by

absorbance at 570 nm using a microplate reader.

Absorbance
%Cell viability = ( Sample) x 100

Absorbance qptrol
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3.6 Cytoprotective effect determination

The colorimetric MTT assay was used to determined cytoprotective
effect according with Benoit et al., 2017.%%" L-glutathione (500-0.97 ng/mL) was used
as a positive control. L929 mouse fibroblast cells were seeded in Gibco Dulbecco's
Modified Eagle Medium (DMEM) medium supplemented with 10% fetal bovine serum
(FBS) and 1% of penicillin-streptomycin (pen-strep) at density of 10° cells/well culture
plates. After that, plate was incubated with 5% COz, 37 °C for 24 h until total adhesion
to plate surface. After 24 h, cells were treated different concentration of palm kernel
meal hydrolysate (500-0.97 ug/mL) and the plate was incubated at 37°C 5% CO2 for 3
h. After that sample was removed and replaced with 100 pul of 1,000 uM H202.Then,
cells were incubated at 37°C 5% COz for 3 h. After that, 1,000 uM. H202was discarded
and replaced with 0.4 mg/mL stock solution of MTT reagent in PBS (100 ul) and
incubated again for 3 h at 37°C, 5% CO2. After this time, MTT solution was discarded
and 100 pl of 100% DMSO was added. The extent of MTT reduction to formazan
within cells were measured by absorbance at 570 nm using a microplate reader. Cell
viability percentage was determined by MTT reduction assay and was measured by

following equation:

Absorbance
%Cell viability = < Sample) x 100

Absorbanceyptrol

3.7 Purification of antioxidant peptide

In order to purify the antioxidant peptide in the PKMPH, Fast protein liquid
chromatography (FPLC) was performed. Separation of protein and peptide in mixture
rely on different affinity for two materials, a mobile phase (buffer + protein) and a
stationary phase (resin beads), in column. There were various kinds of column used for
protein purification including ion exchange, gel filtration, reversed phase (hydrophobic
interaction) and affinity columns.’® The antioxidant peptide obtained from enzymatic
hydrolysate was purified by using FPLC on a DEAE Sepharose Fast Flow anion
exchange column. The sample was loaded onto DEAE Sepharose Fast Flow anion
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exchange column and equilibrated with 2.5 mM Tris-HCI buffer (PH 8.0). After that,
the peptide was eluted using linear gradient of NaCl (0-1 M) in a same buffer (2.5 mM
Tris-HCI buffer (PH 8.0) at flow rate of 0.5 mL/min. The fraction was collected and
stored at -20 °C until use. The protein concentration and antioxidant activity of each
fraction was measured using Bradford assay and DPPH and ABTS radical scavenging

activity, respectively.

3.8 Mass spectrophotometry (LC/MS MS)

Mass spectrometry (MS) has the ability to separate organic molecules
according to their molecular mass and provide to their detection and quantitation with
highly sensitivity and selectivity.'®® The active fraction with antioxidant capability after
FPLC purification was digested with trypsin enzyme and subjected to mass
spectrophotometry (LC-MS/MS) using Thermo Scientific™ UltiMate™ 3000 RSLC
nano system. The antioxidant peptide was separately infused into the electrospray
source following dissolve in solvent A (2% acetonitrile,0.1% formic acid) and solvent
B (80% acetonitrile,0.1% formic acid) with flowrate of 0.3 pl/min. Spectra were
analyzed in positive ion reflector mode with mass/charge (m/z) rang of 350-1500 Da in
MS mode and 350-1000 Da in MS/MS mode. Peptide sequencing was performed by
processing the MS/MS spectra using SCIEX TripleTOF® 6600+. All data was

performed using PEAK studio database to obtain peptide sequencing.
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CHAPTER 4
RESULTS

4.1 Protein extraction

In the utilization of palm kernel meal protein (PKMP), it is necessary to
extract or separate proteins from palm kernel meal. The most commonly used protein
extraction process is alkaline extraction method. After extraction, enzymatic digestion
is performed which will hydrolyze the polypeptide chains into free amino acids or short
chain peptides in order to improve nutrition or some properties such as radical-
scavenging capacity. In this study, PKMP was extracted by using 0.03 N NaOH and
protein precipitation was employed by using 6 M HCI. The results showed that %yield
of total palm kernel meal protein extraction was 0.58 + 0.012% and the protein

concentration was 2.15 + 0.047 mg/mL.

4.2 Protein hydrolysis

Protein hydrolysates are protein products obtained by hydrolysis of
proteins by proteolytic enzymes, acids or bases in which the protein molecules are
cleaved into smaller peptides or free amino acids.’®® In this study, PKMP was
hydrolyzed with alcalase enzyme at various time (0, 15, 30, 60 and 120 minutes) to
obtain the palm kernel meal protein hydrolysate (PKMPH). Table 4.1 showed that the
protein concentration of PKMPH was decreased when the hydrolysis time was longer
revealing more hydrolysis. The results indicated that the hydrolysis time significantly
affects the protein concentration of PKMPH.
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Table 4.1 Protein concentration of a palm kernel meal protein hydrolysate (PKMPH)

Time of hydrolysis Protein concentration
(min) (mg/mL)
0 2.15+0.108
15 1.80 £ 0.101
30 1.77 £ 0.097
60 1.77 £ 0.073
120 1.75 + 0.080

4.3 SDS-PAGE analysis of PKMP and PKMPH

Gel electrophoresis is a technique used to separate proteins, nucleic

acids or macromolecules based on the principle of motion on a gel under an electric

field. Protein separation by polyacrylamide gel electrophoresis can be used to determine

the molecular weight.'®! In this study, PKMP and their hydrolysates were seperated on

12% (w/v) polyacrylamide gel and stained with Comassie Brillian Blue. All samples

including PKMP and PKMPH showed smear band of protein as shown in Figure 4.1.

kDa

Figure 4.1 SDS-PAGE patterns and molecular weight distribution profile of palm

kernel meal protein and their hydrolysates. Lane A: protein marker, Lane B: 4x sample
buffer (negative control), Lane C: PKMP, Lane D-H: PKMPH after 0, 15, 30, 60 and

120 minutes hydrolysis, respectively.
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4.4 Degree of hydrolysis of PKMPH

Degree of hydrolysis (DH) indicates the efficiency of enzymatic protein
digestion. The peptide bonds of proteins in palm kernel meal are hydrolyzed into short
chain peptides and amino acid residues. As shown in Figure 4.2, the degree of
hydrolysis of PKMP with alcalase enzyme at various time (15, 30, 60, and 120 minutes)
was not different. The degree of hydrolysis at 0, 15, 30, 60, and 120 minutes was 0%,
89.48+0.67%, 89.47+0.72%, 89.08+0.71 % and 89.31+0.90 %, respectively. The
results showed that rapid enzymatic hydrolysis resulted in a significant change in the

degree of hydrolysis.
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Figure 4.2 Degree of hydrolysis of palm kernel meal protein after 0, 15, 30, 60, and
120 minutes hydrolysis with alcalase at 55 °C
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4.5 In vitro antioxidant activity of PKMP and PKMPH

Several studies have reported that various plant protein hydrolysate extracts
showed biological activity including antimicrobial, anti-inflammatory, anti-
hypertensive, and antioxidant activity. The antioxidant capacity of palm kernel meal
protein and their hydrolysate was evaluated using 2,2-diphenyl-1-picryl-hydrazyl-
hydrate (DPPH) and 2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)( ABTSe+)

antiradical scavenging activity.

4.5.1 DPPH radical scavenging activity

DPPH assay is one of commonly used methods to determine the
antioxidant activity by using a free DPPH radical (2,2-diphenyl-1-picrylhydrazyl).
When the DPPH radical interacts with methanol-soluble antioxidants, it will fade from
purple to pale yellow or colorless, which is reduced by the antioxidant compound.1®?
183 The anti-oxidative activity by DPPH assay was reported as I1Cso. The 1Cso value is a
commonly used criterion for evaluating the antiradical scavenging properties of
samples. It is measured as the concentration of antioxidants required to reduce the initial
DPPH concentration by 50%. Accordingly, the lower ICso value indicated the higher
antioxidant properties. In addition, L-glutathione was used as a control in this
experiment. As shown in Figure 4.3, PKMP and PKMPH at various time point (0, 15,
30, 60, and 120 minutes) exhibited 1Cso value ranging from 5.73+0.23 to 7.43+0.22
ug/mL which was lower than that of L-glutathione (ICso value of 28.25+0.97 ug/mL)
indicating higher DPPH radical scavenging activity (p<0.05). By comparing ICso values
of PKMPH after hydrolysis, it was found that PKMPH after 60 minutes hydrolysis
showed the highest antioxidant activity as shown by its lowest I1Cso value (5.73+0.23
ug/mL) when compared to control group (p<0.05). It was observed that whenever the

concentration of PKMPH was increased, the antioxidant capacity was increased as well.
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Figure 4.3 1Cso value of palm kernel meal protein and their hydrolysates at various time
determined by DPPH free radical scavenging activity. L-glutathione (GSH) was used
as a positive control. The values are presented as the mean * stand deviation (SD).

Asterisks (*) indicate statistically significant differences when compared to the positive

control group at p<0.05 using one way ANOVA and multiple comparison tests.

4.5.2 ABTS radical scavenging activity

Besides DPPH radical scavenging activity method, ABTS radical
scavenging assay was also applied to measure the antioxidation capability of
compounds. The sample was tested by mixing the sample solution with ABTSe+
solution and measuring the absorbance at 734 nm. The antioxidant activity of the
samples was determined by calculating the fading color of the ABTSe+ radical
inhibition.®* The antioxidant activity of PKMP and PKMPH at 0, 15, 30, 60, and 120
minutes was compared with that of L-glutathione standard solution in terms of 1Cso
value. Palm kernel meal protein and their protein hydrolysates expressed antioxidant
activity against ABTS radicals. The results demonstrated that PKMP and its
hydrolysate with alcalase enzyme for 0, 15, 30, 60, and 120 minutes showed ICso value

ranging from 7.84+0.89 to 14.96+0.58 pg/mL which was lower than that of L-
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glutathione (1Cso value of 14.03+0.58 ug/mL) with p<0.05 (Figure 4.4). Moreover, The
PKMPH after 60 minutes hydrolysis had the highest antioxidant efficiency when
compared to their companies. The other hydrolysis time also showed various DPPH
radical-scavenging activity in the order of 120 mins, 30 mins, and 15 mins (ICso value
of 7.93+0.87, 10.58+0.06, and 12.31+0.53 pg/mL, respectively).

30~
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Figure 4.4 1Cso value of palm kernel meal protein and their hydrolysates at various time
determined by ABTS free radical scavenging activity. L-glutathione (GSH) was used
as a positive control. The values are presented as the mean + stand deviation (SD).
Asterisks (*) indicate statistically significant differences when compared to the positive

control group at p<0.05 using one way ANOVA and multiple comparison tests.

Ref. code: 25656212040056SFB



48

4.5.3 The correlation between in vitro antioxidant activity of

PKMPH and degree of hydrolysis

In this experiment, the radical scavenging activity (%) and
degree of hydrolysis of palm kernel meal protein were compared (%). The comparative
results revealed that palm kernel meal protein hydrolysate had the highest antioxidant
properties at PKMPH degradation levels at 60 minutes, followed by a slight decrease
in antioxidant properties at 120 minutes. The results showed that when the degree of
hydrolysis of palm kernel meal protein hydrolysate was increased, the antioxidant

efficiency of the sample was increased (Figure 4.5 and 4.6).
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Figure 4.5 The antioxidant activity of palm kernel meal protein hydrolysate on
diphenyl-1picrylhydrazyl radical (%decolorization) compared with degree of
hydrolysis (%). All data are presented as the mean £ SD (n = 3).
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Figure 4.6 The antioxidant activity of palm kernel meal protein hydrolysate on 2,2-
azino-bis (3-ethylbenzothia zoline-6-sul-fonic acid) diammonium salt radical
(%ABTS) compared with degree of hydrolysis (%). All data are presented as the mean
+SD (n =3).

4.6 Cytotoxicity determination of PKMP and PKMPH

The MTT assay is an enzyme-based method used to determine the number
of viable cells, cell proliferation, and also toxicity of the cells.!®® The cytotoxicity of
protein and protein hydrolysate from palm kernel meal against the L929 cells was
performed by MTT assay. In this experiment, L929 mouse fibroblast cells were treated
with PKMP and PKMPH at a concentration of 500-0.97 pg/mL for 24 hours. L-
glutathione is an antioxidant compound produced by human body. It is a protein
protecting cells and tissues from being destroyed by free radicals that accumulate in
various parts of the body.%® Thus, L-glutathione was used as a positive control. The
cell survival rate was presented as % cell viability. The results in Figure 4.7
demonstrated the cell survival of L929 cells after exposure to PKMP and PKMPH at
various concentrations. It was found that PKMP and PKMPH at concentration more

Ref. code: 25656212040056SFB



50

than or equal to 250 pg/mL resulted in reduction of cell survival (%) compared to that
of control group. In addition, % cell viability at the concentration of 500 ug/mL of
PKMP and PKMPH were 74.42 + 2.08 and 48.75 + 2.06 pg/mL, respectively.
Moreover, when compared at the same concentration, PKMPH (500 pg/mL) resulted
in a significant reduction of cell viability (%) compared to GSH (at concentration of
500 pg/mL). Results indicated that PKMP and PKMPH at high concentration showed
toxicity to the cell. The cell viability when incubated with PKMP and PKMPH at
concentration less than or equal to 125 pg/mL was high (up to 91%). It can be suggested
that PKMP and PKMPH at the concentrations less than or equal to 125 pg/mL had no
toxicity to L929 cells.
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Figure 4.7 Cytotoxicity of PKMP and PKMPH on L929 mouse fibroblast cells
viability. L-glutathione (GSH) was used as a positive control. The % cell viability are
presented as the mean = SD. Asterisks (*) indicate statistically significant differences
when compared to the negative control group at p<0.05 using one way ANOVA and

multiple comparison tests.
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4.7 Cytoprotective effect of PKMPH on oxidative damaged L929 mouse

fibroblast cells.

Hydrogen peroxide (H202) was first identified as a reactive oxygen
species, capable of contributing damage to a wide range of the cellular target. Thus,
H202 was used to establish an oxidative stress-induced cell damage model.'®” The
toxicity of H202 was performed by incubating L929 mouse fibroblast cell line with
various concentration of H202 (0 - 1000 pg/mL) for 3 h. Thereafter, the cell survival
rate was examined with MTT assay and the obtained data was calculated as % cell
viability. Results of cell survival rate after exposure to H202 were demonstrated in
Figure 4.8. The cytotoxicity of H202 was found to be dose-dependent manner (p<0.05).
To observe the cytoprotective effect of PKMPH, 1000 pg/mL H20:2treated for 3 h was

selected.
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Figure 4.8 %Cell viability of L929 mouse fibroblast cells after treated with various
concentration of H202 for 3 hours. The %cell viability are presented as the mean + SD.
Asterisks (*) indicate statistically significant differences when compared to the
negative control group at p<0.05 using one way ANOVA and multiple comparison

tests.
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This study examined the ability of PKMPH to protect cells from
hydrogen peroxide (H202). The L929 mouse fibroblast cell lines were treated with
PKMPH at various concentrations, incubated for 24 hour and followed by 1,000 uM
H202 for 3 hours. Figure 4.9 demonstrated the ability of PKMPH to protect cells from
H202-induced oxidative stress. PKMPH at concentration of 500-0.97 pg/mL can
promote cell survival with an increase in % cell viability when compared to that of
H20:treated group (p<0.05). PKMPH at concentration of 1.95-0.97 ug/mL showed a
slightly decrease in % cell viability when compared to PKMPH at concentration of
31.25-3.91 pg/mL. At very high concentration of PKMPH (250-500 pg/mL), a
relatively small percentage of cell survival was observed. It was found that cell survival
(%) were 65.12+5.45 and 56.16%4.5, respectively. Accordingly, PKMPH at
concentration of 500-0.97 ug/mL is capable in protecting cells from oxidative damage
by H20:.
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Figure 4.9 % Cell viability of L929 mouse fibroblast cells after treated with PKMPH
for 24 h, followed by a 1,000 uM H202 for 3 h. L-glutathione (GSH) was used as a
positive control. The % cell viability are presented as the mean + SD. Asterisks (*)
indicate statistically significant differences when compared to H2O2-treated group at

p<0.05 using one way ANOVA and multiple comparison tests.
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4.8 Purification of antioxidant protein

4.8.1 lon exchange chromatography

lon exchange chromatography is a technique used to separate
proteins based on the property of each protein that has a different charge. In the
purification of PKMPH, HiTrap DEAE Sepharose FF column and 25 mM Tris HCI
buffer pH 8.0 were used. As shown in Figure 4.10, two major protein peaks (P1 and
P2) demonstrated in the blue line were eluted from the column with NaCl. All fractions
were tested for antioxidant activity again before further identification of peptide
sequences by LC MS/MS mass spectrometry.
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Figure 4.10 Fast protein liquid chromatography (FPLC) chromatogram of PKMPH
after loading in HiTrap DEAE Sepharose FF column and elution with NaCl at flow rate
of 1 mL/min.
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4.8.2 Antioxidant activity of PKMPH after purification

The antioxidant activity of PKMPH fraction number 1 to 23
determined by DPPH and ABTS radical scavenging assay was shown in Figures 4.11
and 4.12. PKMPH fraction numbers 13, 14, and 15 tend to have relatively high
antioxidant activity which was consistent with peak P2. When comparing the
antioxidant activity by two antioxidant radical scavenging assays in order to select only
one candidate fraction to continue identifying sequences. It was found that fraction
number 15 is the most promising fraction-containing high antioxidant activity.

Therefore, PKMPH fraction number 15 was selected for further identifying sequences.
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Figure 4.11 The antioxidant activity of palm kernel meal protein hydrolysate on
diphenyl-1picrylhydrazyl radical (% decolorization). All data are presented as the mean
+SD (n =3).
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Figure 4.12 The antioxidant activity of palm kernel meal protein hydrolysate on 2,2-
azino-bis (3-ethylbenzothia zoline-6-sul-fonic acid) diammonium salt radical
(%ABTS). All data are presented as the mean + SD (n = 3).

4.9 Identification of peptide sequences by LC MS/MS tandem mass spectrometry

The trypsin-digested peptide samples were injected into the LC-MS/MS
machine for amino acid sequence separation and analysis. The obtained data will be
analyzed by bioinformatics technical tools. The tandem mass spectra were analyzed
with a database search engine such as PEAKSs to determine the amino acid sequence of
the peptide. Table 4.2 presented nine sequences and molecular weights of peptide from
fraction number 15 obtained from purification of PKMPH with HiTrap DEAE
Sepharose FF column. All peptide sequences were released from the group of proteins
such as globulin, vicilin-like antimicrobial peptides, cocosin, and carboxypeptidase. In
addition, they are made up of 9 to 10 free amino acid residues. Furthermore, the

molecular weight ranges from 1084 to 1291 Da.
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Table 4.2 Peptide sequences of palm kernel meal hydrolysate fraction number 15 by

LC MS/MS mass spectrometry

Peptide Molecular
Peptide sequences _18| P Length weight Protein family
: (D)
7S globulin, vicilin-
VDEVLNAPREE 51.63 11 1270 like antimicrobial
peptides
7S globulin, vicilin-
FFDEESFLH 51.01 9 1169 like antimicrobial
peptides 2-2
AGITDYFDED 35.79 10 1144 cocosin 1-like
63 kDa globulin-like
EADRTDYPE 33.38 9 1094 protein
serint_a
ISDETIDAIH 3261 | 10 1112 | cerboypeptidase Il
Carboxypeptidase,
cocosin 1, cocosin 1
LRPPSEEEE 32.41 9 1084 isoform X1 and X2
cocosin 1, cocosin 1
VLRPPSEEEE 30.14 10 1183 isoform X1 and X2
7S globulin, vicilin-
READSDDYPE 27.29 10 1195 like antimicrobial
peptides
SFDQPAREVDE 2523 | 11 1201 | BKORGENINIKE
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CHAPTER 5
DISCUSSION

Free radicals are substances that have lone pair electrons within an
atom or molecule. If the body contains a high number of free radicals, it may cause
several serious problems. In particular, reactive oxygen species (ROS) is one of the free
radical derivatives that damage cells and lead to human dysfunction. Since it is a waste
product caused by metabolism in the body and also unstable and reacts rapidly with
biomolecules such as proteins, lipid, DNA and RNA, leading to tissue damage. Several
diseases are caused by free radicals, such as aging and cancer, ischemic heart disease,
Alzheimer's disease, allergic disease, high blood pressure eye disorder and nervous
system.10: 33, 168, 169 Therefore, the elimination of ROS and free radicals is the most
significant mechanism of living organisms. It must be eliminated to maintain this
balance in order to inhibit or prevent the occurrence of diseases as mentioned above.
Interestingly, the bioactive peptide in plants have been found to affect biological
activity within living cells, such as the transport of nutrients and minerals, cell
communication, immunity against invaders such as fungi, viruses, and bacteria. In
addition, it also helps to protect cells from free radical damage in the body.1% 170-172

Plant protein hydrolysate plays a crucial role in various applications. The
bioactive compounds of plant protein hydrolysate also play an important role in human
health. They could regulate the functions of various systems within the body and help
to reduce the risk of developing certain diseases, including the cardiovascular system,
diabetes, obesity, hypertension, low-grade systemic inflammation, and Alzheimer's
disease.!”® There were report that egg white protein hydrolysate-derived peptides could
inhibit a-glucosidase activity in the intestinal that involves in the reduction of blood
glucose concentration.}’* Soy protein hydrolysate derived-peptides can also control
body weight by modulating glucose metabolism modulate glucose homeostasis in type
2 diabetic.1™

In this study, palm kernel meal protein (PKMP) was extracted by alkali
extraction method and the protein concentration was measured by Coomassie dye-

binding (Bradford assay). The hydrolysate process is the digestion of proteins to be
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smaller proteins or peptides. In this study, alcalase enzyme was used to digest the
peptide chain by random digestion to obtain the palm kernel meal protein hydrolysate
(PKMPH). The results revealed that when time of hydrolysis was increased, the
concentration of PKMPH was also decreased. The decreasing of PKMPH concentration
indicated the short chain peptides produced by enzymatic digestion and they were
normally too small to be determined by Bradford assay. The Bradford assay's general
principle is the reaction of Coomassie brillant blue G-250 with proteins will produce
blue color. It was used to measure the absorbance and eventually calculated as the
protein concentration.}’® The protein concentration of PKMPH indicated that the
PKMP was digested to small peptides that Coomassie brillant blue G-250 is unable to
bind. Furthermore, when the time of hydrolysis was increased, % degree of hydrolysis
was also reached 89%. Whenever the hydrolysis was complete, the hydrolysis remained
constant because it reached to the plateau and it was correlated to the study of Zarei et
al., 2012.1%°

The molecular weight pattern of PKMP and their hydrolysate (PHKMPH)
was evaluated by SDS-PAGE. Unfortunately, the results showed that protein bands
were not clearly separated within the range of 20 to 100 kDa which was similar to You
et al., 2013. The proteins might be denatured during the manufacturing process which
using a very high temperature for oil extraction. Moreover, the solvent used to extract
protein might affect the proteins. According to You et al., 2013 , they found that the
degradation of silk fibroin was involved with different ionic liquid solvents.*”’

An antioxidant compound is a substance that can inhibit or slow down the
oxidation reaction, which is the cause of free radicals such as lipid oxidation reaction.!’8
These antioxidant active compounds may naturally be found in various sources, such
as phytochemicals in plants, animals, microorganisms, and dietary.'! Numerous studied
showed that the bioactive peptide or protein hydrolysate from several sources such as
rice, mung bean, soy bean, chick pea, cheese whey, cotton seed, rice band, and chicken
breast exhibited antioxidant activity.’® 180182 |n this research, protein hydrolysate was
obtained from enzymatic hydrolysis of palm kernel meal (Elaeis guineensis). It was
hydrolyzed with 2% (w/w) alcalase enzyme. The antioxidant activity based on DPPH
(2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid)) methods was determined and compared to that of L-glutathione
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standard. The results showed that the DPPH and ABTS free radical scavenging of palm
kernel meal protein hydrolysate (PKMPH) has high antioxidant properties with 1Cso of
5.73 £ 0.23 and 7.84 £ 0.89 pg/mL, respectively. Zielinska et al., 2017 found that the
highest antioxidation activity against DPPHe (2,2-diphenyl-1-picrylhydrazyl radical)
and ABTS+(2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) from baked
cricket Gryllodes sigillatus hydrolysate revealed 1Cso value of 10.9 and 5.3 pg/mL,
respectively.'® Fish muscle-papain hydrolyze protein presented the highest antiradical
scavenging activity with ICso value of 2.08-3.18 mg/mL and 0.12-0.60 mg/mL on
DPPH and ABTS methods, respectively.'® Egg white protein hydrolyzed by neutrase
enzyme exhibited high ABTS radical scavenging activity with 1Cso value of 3.6 mg/mL.
Moreover, there were several reports on the antioxidant activity of plant hydrolyzed-
protein. Chen et al., 2021 reported rice derived protein hydrolysates exhibited dose-
dependent antioxidation activity determined by DPPH and ABTS assay with 1Cso value
of 42.58 + 2.1 mg/g and 2.11 + 0.88 mg/g, respectively. The DPPH and ABTS radical-
scavenging activity of Cardamine violifolia protein hydrolysate demonstrated the
antiradical activity with 1Cso of 0.58 mg/mL and 0.193 mg/mL, respectively.'® Three
kernel cake peptide sequences, AWFS, WAF, and LPWRPATNVF exhibited high
antioxidation activity of 71%, 56%, and 50%, respectively. The highest ICso value of
peptide measured by DPPH radical scavenging assay was obtained from peptide
sequence GIFE, GVQEGAGHYALL, and GGIF at 0.02 uM, 0.09 uM and 0.35 pM,
respectively,'®? In addition, Zarei et al., 2012 revealed that palm kernel cake produced
by papain enzyme had the highest DPPHe radical scavenging activity (73.5 + 0.25%).1%
Furthermore, previous research revealed that palm kernel cake protein hydrolysate
fraction 1 had the highest antioxidant activity, with moderate amount of hydrophobic
(23.60%) and containing Asp, Glu, His, Lys, Met and Tyr, which showed antioxidant
activity. Our study showed different results to those previous studies and it might be
because of the difference in extraction process or material source.

The antioxidant capacity of proteins depends on the amino acids presenting
in the protein. The amino acids with high antioxidant capacity mostly have sulfur-
containing side chains (nucleophilic sulfur-containing side chains), such as cysteine
and methionine or contain hydrogen atoms that can be easily removed. In addition, the

imidazole groups of histidine also exhibit antioxidant properties.*8 187:18 | this study,
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the obtained amino acid sequences of PKMPH fractions number15 were identified as
VDEVLNAPREE (P1), FFDEESFLH (P2), AGITDYFDED (P3), EADRTDYPE (P4),
ISDETIDAIH (P5), LRPPSEEEE (P6), VLRPPSEEEE (P7), READSDDYPE (P8),
and SFDQPAREVDE (P9). All peptide sequences contain hydrophobic amino acids
including Ala(A), Val(V), lle(l), and Leu and negatively charged amino acids such as
GIu(E) and Asp(D). The increasing of hydrophobicity will result in the solubility in
lipid and involve with antioxidative activity.’®® Our results were in agreement with
previous study by Zarei et al., 2014. They reported that palm kernel cake protein
antioxidant peptides WAF, YLLLK, WAFS and AWFS exhibited the highest
percentage of hydrophobic amino acid residues with 100%, 80%, 75% and 75%,
respectively.® Other study also reported that chickpea protein hydrolysate was
composed of antioxidative peptide and they are rich in Leu and Ala in their
sequences.’® In this study, most of antioxidant peptides from PKMPH composed of
negatively charged and hydrophobic amino acids. These amino acid groups have the
ability to donate proton or electron to free radical molecules due to the presence of
excess electrons, exhibit free radical quenching activity. Hence, the molecule returned
to its stable state, with no more free radicals. This result was consistent with the reports
of Liu et al., 2004. They reported that aspartic acid and glutamic acid
monohydroxamates played important roles in the antioxidative activity, which
protected against peroxynitrite-mediated dihydrorhodamine 123 oxidations and
hydroxy! radical-mediated DNA damage.'*®

Several studies suggested that high degrees of hydrolysis have a positive
correlation with the DPPH and ABTS antioxidation capacity. In this experiment, the
antioxidant activity of PKMPH revealed the highest antioxidant activity on DPPH and
ABTS scavenging assay when the time of hydrolysis reached 60 minutes with
approximately 89% digestibility. The antioxidant activity measured by p-carotene
bleaching, reducing power, and 2,2-diphenyl-1- picrylhydrazyl (DPPH) radical
scavenging activity assay of chickpea protein isolates hydrolyzed by alcalase enzyme
for 1 h followed by flavourzyme enzymatic hydrolysis for 2 hours was higher than that
of protein before digestion and it showed around 70% digestibility.!®* The enzymatic
hydrolysis such as alcalase, pepsin and chymotrypsin were increased in degree of

hydrolysis with high antioxidant activity at the first step. After 10 hours, they found
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that the antiradical scavenging activity was significantly decreased.'>® The antioxidant
capacity of proteins is related to the presence of a tertiary structure of the protein.
Therefore, the enzymatic degradation of proteins is a change in the tertiary structure
resulting in the release of the amino acid side chains with antioxidant properties.%2
One of the factors that contribute to the development of various diseases in
the human body is the accumulation of ROS within the body. It was discovered that
free radicals were produced and accumulated significantly more in the tissues of the
elderly. Cells and tissues are harmed as a result of this occurrence.'® In order to assess
the potential protective effect of PKMPH, the antioxidant activity and cytoprotective
effect of PKMPH was determined in L929 mouse fibroblast cells. The PKMPH could
significantly protect L929 cells from H202-induced oxidative damage, particularly at
concentration ranging from 500-0.97 pg/mL pg/mL with a relatively high survival rate
of 56-76% when compare to control group (p<0.05). It could be concluded that, despite
being exposed to high concentrations of antioxidant-rich samples, L929 cells' metabolic
efficiency did not deteriorate. Because the accumulation of oxidative substances such
as ROS has been linked to cell death or cell damage and they are directly related to
mitochondrial dehydrogenase activity. When this enzyme is disrupted by these harmful
free radicals, oxidative stress occurs. The cells will be harmed until they die as a result
of it. It can be used to calculate cell survival as a measure of cell protection.!** At the
concentration of 500 pg/mL, PKMPH showed low percentage of cell survival when
compare to control group (p<0.05). This was due to the toxicity of PKMPH at 500
ng/mL on L929 cells. There were several studies reported the cytoprotective capability
of protein hydrolysate from various sources. Hazelnut protein hydrolysate can inhibit
ROS accumulation in HUVECs cells, implying that they have a strong protective effect
on cells.}*® Zhang et al., 2019 also demonstrated that soybean protein hydrolysate
hydrolyzed by alcalase enzyme had a strong anti-oxidative capacity in human intestinal
Caco-2 cells.'® Our results, however, revealed that at low concentration (0.97-1.95
ug/mL) of PKMPH, there was no effect on cell viability when compare to control group.
These findings were inconsistent with the findings of Hu et al., 2020, which discovered
that Lophius litulon protein hydrolysate had a lower survival rate at lower sample

concentrations.®!
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CHAPTER 6
CONCLUSION

Palm kernel meal protein hydrolysate is produced by degrading palm
kernel meal proteins into amino acids and peptides, with biological activity such as
antioxidant activity. The preparation of protein hydrolysate from palm kernel meal to
obtain amino acids with these properties is dependent on several factors such as the
source of protein precursors for protein hydrolysate preparation, as well as the type and
activity of the enzymes used for the digestion, and the degree of hydrolysate, etc. Based
on these factors, there is a desire to investigate the preparation of protein hydrolysate
from palm kernel meal in order to add value to locally available raw materials. The aim
of this study was to prepare the palm kernel meal protein hydrolysate (PKMPH) and
evaluate its antioxidant and cytoprotective activity. The protein was extracted from
palm kernel meal and protein hydrolysate was generated by alcalase enzyme. The
results showed that protein hydrolysate with a hydrolysis time of 60 minutes showed
the highest antioxidant activity, with 1Cso values of 5.734+0.23 and 7.8440.89 pg/mL as
determined by DPPH and ABTS assay, respectively. The PKMP and PKMPH at low
concentration (less than or equal to 125 pg/mL) were not toxic to the L929 cells, while
at high concentration (500 ug/mL), they showed moderate toxicity to L929 cells. At
concentration ranging from 500-0.97 pg/mL, PKMPH could protect L929 cells from
H202-induced damage. However, low survival rate of L929 was observed at high
concentration of PKMPM (250-500 pg/mL). The antioxidant peptides such as
VDEVLNAPREE, FFDEESFLH, AGITDYFDED, EADRTDYPE, ISDETIDAIH,
LRPPSEEEE, VLRPPPSEEEE, READSDDYPE, and SFDQPAREVDE from PKMPH
were identified. This study revealed the significance and antioxidant activity of palm
kernel meal protein and palm kernel meal protein hydrolysate. They might be further
studied and developed as a natural antioxidant source or animal feed supplement.
Furthermore, it might be observed in the future for other bioactivities such as

antibacterial testing for use in animal products.
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