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Abstract

Some species of the genus Gracilaria account for over 80% of the world's production
of agar, making the genus a valuable marine bio-asset. Additionally, many species of
Gracilaria are utilized as human food and medicinal purpose in various parts of the
world. The purpose of this study was to examine the effects of osmotic shock, high
shear force, alkaline, and polysaccharide treatments, as well as their many variants
and combinations, on protein extraction from Gracilaria fisheri. It was required to
compare the methods that provide the best protein extraction and purity in order to
choose the protein with the highest percentage of purity. Protein profiles of Gracilaria
fisheri were compared across four different extraction techniques. Protein was
extracted using a variety of methods, including treatments with and without enzyme
(Acetate buffer/NaOH buffer) and enzyme (cellulase/alcalase) at two distinct pH
levels (4.5 and 7). Amino acid profiling also carried out in this study through acid
oxidation, acid hydrolysis & alkali hydrolysis by utilizing the HPLC method. To
extract the maximum amount of protein, researchers used a combination of acetate
buffer, cellulase enzymes, sonication, and ammonium sulfate in Method 1. The study
found that the efficiency of protein extraction ranged from 86 % for Method 1 to 10 %
for Method 4. According to the results of this study, method 1 had the lowest
separated yields of protein content (8.74%), while method 4 had the highest (25.11%).
It was determined that Method 1 was the most effective for amino acid profiling in G.
fisheri. Based on our findings, pure protein concentrates extracted from Gracilaria
species possess the potential as sustainable alternative protein sources for human
nutrition, and they will be useful in meeting our estimated global protein need in the

future.

Keywords: Protein, Gracilaria fisheri, Seaweed, Acid oxidation, Acid hydrolysis,

Alkali hydrolysis, Extraction.
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Chapter-1: Introduction

Food production must be increased and new food sources must be discovered as the
global population continues to grow. Together, these factors and the decreasing
availability of arable land and potable water make marine agriculture (also called
Mariculture or Seagriculture) an attractive alternative option for human food
production. The likelihood of a shortage of protein, a vital nutrient, in the future has
been raised. Therefore, it is generally agreed that new protein production methods and
sources will be necessary to meet future world protein demands. Minerals and trace

elements are plentiful in seaweeds (KIng et al., 2013).

The protein content of several macro algal species, especially red seaweeds, has been
shown to be rather high; in some cases, it is even higher than that of more traditional
sources of protein such soy, cereals, eggs, and fish (Kaliaperumal, 2003).Since macro
algal proteins have both technological and biological applications, they represent a
promising raw resource for creating new food items that are high in protein. The food
industry stands to gain greatly from the abundance of essential minerals contained in
edible algae (Plaza et al., 2008).

Seaweed is not only a staple meal in many Asian countries, but also a source of
biochemicals for use in Western industries like the food, pharmaceutical, and beauty
industries. There is a significant amount of seaweed in the food industry for
stabilizing and thickening applications because of their high polysaccharide content.
More and more people are turning to seaweeds for their high protein content.
However, protein, peptide, and amino acid extraction and fractionation from macro

algae have otherwise been conducted on a laboratory.

One of the largest genera of the red algae phylum Rhodophyta, Gracilaria has more
than one hundred species distributed across the world's intertidal and subtidal zones.
Gracilaria, a red marine macroalgae, is abundant in the tropical Atlantic and is well-
known for its rapid growth rates (Melo et al., 2002). Gracilaria genus is important to
humans because it provides a rich source of sulphated polysaccharides for use in the
pharmaceutical and biotechnology sectors (Coura et al., 2012). Still, G. fisheri has
seen only a little amount of widespread use. Traditionally it provides both dry

products and perishables like fruits and vegetables (Benjama and Masniyom, 2011).

Page | 1



Following centrifugation, the protein-rich supernatant can be collected and the
proteins are then purified utilizing different techniques such as- ultrafiltration,
ammonium sulfate precipitation, or chromatographic (Galland-Irmouli et al., 1999).
For the most part, the protein content of dried seaweed is extracted via enzymatic
hydrolysis, water extraction, acid extraction, or alkaline extraction. Cellulases and
alkalases are used in enzyme-based extraction to decimate the seaweed matrix and

free the proteins that are contained within (Kadam et al., 2015).

Ultrahigh pressure extraction (UPE), pressurized fluid extraction (PFE), pressurized
liquid extraction (PLE), microwave assisted extraction (MAE) (Chemat and Cravotto,
2012), supercritical fluid extraction (SFE) (Liang and Fan, 2013; Sereewatthanawut et
al., 2008), and ultrasound assisted extraction (UAE) are only a few of the non-
traditional methods of extraction that are now being studied and developed to boost
extraction yield in a shorter amount of time. All these strategies improve mass
transfer, which in turn boosts solvent-solute interaction and facilitates the reduction of
extraction causes difficulties due to seaweed's complicated matrix.

High viscosity and ionic interactions due to the cell wall and interior polysaccharides
may make it challenging to extract proteins from macro algae (Joubert and Fleurence,
2008). As a result of the cells being broken down and the addition of specific
chemicals, protein extraction from macro algal biomass is now much simpler.
Currently, the most popular procedures for eliminating macro algal cells include
osmotic shock, mechanical grinding, ultrasonic treatment, and polysaccharide
digestion (Sun et al., 2009; Joubert and Fleurence, 2008; Rouxel et al., 2001; Wong
and Cheung, 2001a; Galland-Irmouli et al., 2000; Fleurence et al., 1995).

The utilization of polysaccharidases as a method of cell disruption for macro algal
protein extraction has been demonstrated (Denis et al., 2009; Fleurence et al., 2001,
Fleurence et al., 1995; Amano and Noda, 1992, 1990). However, the effectiveness of
the enzymatic activity differs between algae species due to the structure of the cell

wall, therefore careful consideration must be given while selecting enzymes.

One of the aforementioned methods for cell disruption is commonly used in water for
protein extraction from macroalgae. In addition to the most typical alkaline extraction,
macroalgae protein can also be extracted in low salt and high salt soluble forms.

Macroalgal proteins are hydrophobic and therefore very difficult to dissolve in water.
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However, alkaline solutions have long been known to be efficient (Wong and Cheung,
2001; Fleurence et al., 1995; Rice and Crowden, 1987).

This study set out to determine whether or not several treatments (osmotic shock, high
shear force, alkaline, and polysaccharide) improved protein extraction from the red
alga Gracilaria fisheri. Comparison of the methods that result in the greatest quality
protein extraction and purity allowed us to choose the protein with the highest purity

level.
Objectives:

1) To access a range of parameters associated with the extraction of protein from
Gracilaria fisheri.
2) To compare the methods that gives better pure protein extraction.

3) To analyze the characteristics of highest percentage of extracted pure protein.

Page | 3



Chapter-2: Review of Literature

We have studied the literature on red seaweed, Gracilaria species, and their
anticancer, anticoagulant, antibacterial, and anti-inflammatory actions, as well as their
general biology, traditional applications, economic value, and health advantages. The

review founding of the articles are presented in this chapter.

2.1 General Biology of Gracilaria species:

Among the red algae, the genus Gracilaria is located in the phylum Rhodophyta, the
class Florideophyceae, the order Gracilariales, and the family Gracilariaceae.
Gracilaria species can be found all over the world, from the tropics to the subarctic,
but the Indo-Pacific and Western Atlantic are particularly rich in Gracilaria
diversity.However, there are many species whose distribution is still little understood

and is severely limited on a global scale (Guiry M.D. and Guiry G.M., 2018).

R o/ |

Figure 2.1: Gracilaria species (Guiry M.D. and Guiry G.M., 2018)

A common and easily recognizable group of benthic plants, Gracilaria species are
often found between 0.5 and 10 meters deep in the intertidal and subtidal zones (Lyra
et al., 2016). Members of this genus typically have at least some of their thallus
covered by sand as they grow, whether they are linked to a solid (e.g. rocky)
substratum or anchored in sand or sand and mud. Some species are also capable of
living alone, forming dense mats on the surface of still water (Mello, 2001). While
Gracilaria species can be found in a variety of maritime environments, they are most
commonly discovered in protected places such as estuaries, bays, mangroves, reefs,

and mudflats.
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Polysiphonia-type life cycles have been identified in the Gracilaria class, where two
asexual isomorphic epochs (the gametophyte and tetra sporophyte phases) are
followed by a third asexual epoch (the carp sporophyte stage) that generates a female
gametophyte (Kain and Destombe, 1995). The literature on Gracilaria species
frequently describes alterations in morphology, life structures, physiology,
development, proliferation, and synthetic piece in response to ecological (such as
water temperature, saltiness, type of substrate, light power, and supplements) and
biotic (such as epiphytism) factors, implying a remarkable phenotypic versatility.
Attempting to identify a species only by its outward appearance is a difficult endeavor
due to the large number of species and the considerable phenotypic variability they
present (Gurgel and Fredericq, 2004). In recent years, molecular analyses based on
DNA sequence data have become increasingly popular, allowing for more accurate
predictions in areas such as scientific classification, biogeography, and phylogenetic
relationship. In this analysis, we opted to include the species Gracilaria that has been

recently proposed by Iha et al. (2018).

2.2 Traditional applications and economic significance:

The economic value of Gracilaria species is extremely high, and they are widely
exploited by humans. China has a long history of misusing Gracilaria species for
medicinal purposes. These vegetative expansions had dual use as both sustenance and
folio material for architects fixated on lime in their wall compositions (Tseng, 1981).
It's generally agreed that China was the pioneer in the spread of this eco-friendly

development to the rest of the East.

Many people in Japan, Southeast Asia, Hawaii, and the Caribbean eat a type of
Gracilaria called "ocean vegetable." Examples of dishes that benefit from the use of
these algae as a garnish include the Hawaiian dish Poke, a fish salad (Jensen, 2004).
To the Japanese, they are ogonori (or 0go), and they are typically eaten raw in a salad
or as a garnish for sushi. Jamaicans call them "Irish moss," and they're used to make a
popular drink by the same name. (Red macroalga Chondrus crispus Stackhouse is

known as "Irish moss™ in other parts of the world) (Gordon, 2017)

Gracilaria agar is a type of agar that has been approved for human consumption, thus

it can be used in baked goods like pies, icings, and jam confections to add thickness,
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stability, or gelling (Nussinovitch, 1997). Due to its animal origin, gelatin has been
replaced with the plant-based thickener agar in Western diets. Common uses for agar
in Asian cuisines include desserts like "Anmitsu™ (China), "Ykan" (Japan), and "Halo-
halo" (Philippines), as well as soups, snacks, and everyday foods like "Tokoroten"
(Japan).

Numerous remedies involving Gracilaria species have their origins in traditional
medicine. Some strains of Gracilaria have been shown to be effective in China for
treating a variety of conditions, including those involving the digestive tract (such as
bloating, gas, and diarrhea), the urinary tract, the thyroid gland, and the lungs (Fu et
al., 2016). As an emollient and demulcent, Gracilaria species is used in Indian
medicine to treat respiratory sickness, loose stools, and diarrhea (Khare, 2007; Watt,
2004; Nadkarni, 1996).

The most specific application of this genus is as a diuretic or for the treatment of
intestinal constipation. In some countries, you can buy powdered Gracilaria or

straight agar to help with gastrointestinal issues and curb your appetite.

Gracilaria species have been put to good use in a wide variety of products, including
shampoos (such as the Gracilaria Cleanser by Thermalabs), cleansers (such as the
hydrogel Cleanser by Ocean Laria), hydrating creams (such as the Day Cream by
Thalasso), a facial cover (such as the Detox Facial Veil by Balinique), moisturizers
(such as the Gracilaria Hydrogel by Ocean Laria), and even deodorants (e.g., normal
antiperspirant by Bali secrets). Gracilaria is commonly used in the cosmetic industry

because to the agar's thickening, settling, or gelling properties (Pereira, 2018)
2.3 Use of Glacilaria species in human health fields:
2.3.1 Anticancer activities:

According to the World Health Organization (2018), cancer is a major Kkiller
worldwide, responsible for the loss of life of almost 8 million people each year.
Chemotherapy is a mainstay in the treatment of many diseases, but it's not without
drawbacks. Drug resistance is also on the rise (Lugmani, 2005). Thus, the earnest and
rational search for novel anticancer drugs isn't surprising. Most studies evaluating the

efficacy of Gracilaria extracts used either a reduction in tetrazolium salts (67%) or a
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change in resazurin color (10%) to determine whether or not the cells were

undergoing metabolic activity.

In most instances, organic solvents yielded the most dynamic and thoroughly
researched concentrations. Phytol was previously identified as a component
responsible for the cancer-fighting actions of ethyl acetic acid derived extracts from
G. edulis (Sakthivel et al., 2016; Sheeja et al., 2016). Gracilaria species were rarely
subjected to a variety of tests, such as those designed to determine how resistant they
are to translocation or cytotoxicity. Lao et al. (2017) provided the first comprehensive

analysis of the effects of anti-migration policies.
2.3.2 Anticoagulant activities:

Blood clots can be avoided or reduced with the help of anticoagulants. Anticoagulants
are widely used in experimental purpose and for the control of illness like thrombosis
(Koenig-Oberhuber and Filipovic, 2016). The effectiveness of Gracilaria water
concentrates or sulfated agarans (Subramanian, 1997) was tested against the activity
of heparin (the gold standard) and other algae, however the results were
disappointing.

2.3.3 Anti-inflammatory and Anti-nociceptive activities:

Anti-inflammatory drugs work to alleviate symptoms like pain, fever, and swelling.
The majority of Gracilaria species anti-inflammatory exercise studies used aqueous
extracts or sulfated agarans as the experimental material (Chaves et al., 2013). All
things considered, the anti-inflammatory potential observed in these studies was fairly
high. It's interesting to note that the findings using organic extracts were moderate at
best (Shu et al., 2013; Lee et al., 2006). There was a decrease in edema and leukocyte
migration due to the use of fluid concentrates and sulfated agarans, and the

announcement of major combinations for inflammation was muted.

Tseng et al. (2014) provide evidence that fluid concentrates and sulfated agarans
operate on mass cells, preventing the arrival of their substance by inhibiting various
inflammatory mechanisms, such as restraint of the NF-kappa B (factor atomic kappa
B) and MAPK (mitogen-enacted protein kinase) pathways (Coura et al., 2015).

Equally intriguing is the potential role of the heme oxygenase-1 pathway in the

Page | 7



mitigating component of these concentrates and fractions (Coura et al., 2015;
Vanderlei et al., 2011).

Pain-inducing stimuli are not felt as strongly by those with antinociceptive activity.
The sulfated agarans of the genus Gracilaria were used to characterize this
phenomenon (Makkar and Chakraborty, 2017; Coura et al., 2015; Chaves et al., 2013;
Vieira et al., 2012). The discomfort felt during these tests resulted from inflammation.
Sulfated agarans typically had analgesic benefits. However, Chaves et al. (2013)
pointed out that the agarans' pain-relieving effect was not caused by their direct

activity on pain receptors but rather by the attenuation of provoking effects.
2.3.4 Antimicrobial activities:

Antimicrobials are chemicals that stop the growth of bacteria, fungi, and other
microorganisms (Sirois, 2016). The World Health Organization (WHO) states that
due to the prevalence of adverse impacts and the rapid evolution of antibiotic-resistant
microorganisms, the search for novel antimicrobial drugs to combat infectious
diseases such pneumonia, tuberculosis, herpes, malaria, and AIDS (acquired
immunodeficiency syndrome) is recommended. In this context, we shall only discuss

microorganisms that have direct bearing on human health.

Among the most commonly tested microorganisms in Gracilaria species
investigations were microscopic organisms, growths, protozoa, and diseases. Over
eighty-nine percent of the bacteriological and infectious microorganism tests were
carried out utilizing some sort of plate or well dispersion test. Problems with these
tests stemmed from inaccurate portrayals of methods, and that was true even for
anticancer treatments. Greater than 70% of the articles focused on screening for
macroalgae. Nearly half of those who used bacterial microbes and 20% of those who
used infectious microbes named Gracilaria species as one of the most effective algae
against a single bacterium or parasite. The pathogenic bacterium Staphylococcus
aureus, the source of some infections acquired in emergency rooms, was shown to be
particularly susceptible to this concentration, making it one of the most effective
antimicrobial weapons available. Herpes simplex virus types 1 and 2 (HSV 1 and

HSV 2) were the most researched viruses (57.8% of all articles).

When tested against the various diseases, organic extracts proved ineffective, but
aqueous extracts (or sulfated agaran) performed admirably. According to research by
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Mazumder et al. (2002) a sulfated agaran component of G. corticata is more effective
at inhibiting the replication of HSV1 and HSV2 than the positive control (Heparin).
Gracilaria's antiprotozoal abilities have been studied in conjunction with a wide
variety of other algae species.

2.3.5 Gastrointestinal diseases:

The term "gastrointestinal sickness™ refers to conditions that manifest in the digestive
tract and its supporting structures and appendages. Glacilaria species agarans, both in
their raw and sulfated forms, have demonstrated protective effects against
gastrointestinal injury, including the development of ulcers in rats induced by pylorus
ligation (Senthil and Murugan, 2013), ethanol (Shu et al., 2013; Silva et al., 2011) or
naproxen (Silva et al., 2012).

Studies on the antidiarrheal activity of sulfated agarans isolated from G. caudata
(Costa et al., 2016) and Gracilaria intermedia J.Agardh (Leodido et al., 2017) were
conducted. These polysaccharides' antidiarrheal effects included, among other things,
an adversarial action on the secretory apparatus and a slowing of the gastrointestinal
motility due to anticholinergic components.

2.3.6 Metabolic syndrome:

Components of metabolic illness that increase the complications of developing
cardiovascular  disease and type  2diabetes include  hyperglycemia,
hypocholesterolemia, hypertension, hypertriglyceridemia, and obesity (Cornier et al.,
2008). Gracilaria species were used to investigate these potential dangers. Exercises
to lower blood sugar levels or combat diabetes were typically performed in vitro,
where the inhibitory effects of substances like alpha-glucosidase and amylase could
be evaluated. The anti-diabetic action was often weak when compared to other
macroalgae (red, brown, and green) or positive controls. However, (Xiancui et al.,
2005) provided a notable exception when they described G. textorii as one of the most
energetic algae. Researchers studied the effects of exercise on rats given a diet high in
cholesterol and fat to determine if it may prevent hyper-lipidemia (high blood lipid

levels).

Plasma levels of fatty oils, total cholesterol, and LDL (Low Density Lipoprotein)

decreased with a lower caloric intake supplemented with algae (Lin et al., 2011)
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Histopathological studies conducted by Chan et al. (2015) showed that G. changii
enriched meals had no toxic effects on cadiac muscle or kidney and had protective
benefits on the livers of hyperlipidemic rats. There was also an increase in the
activities of cell reinforcement chemicals in these organs, which may be related to the
decreased oxidative stress brought about by G. changii supplemented meals (Chan, et
al., 2016).

2.3.7. Neurological disorders:

Diseases of the nervous system, often known as neurological disorders, include brain
tumors, epilepsy, Parkinson's disease, stroke, and Alzheimer's disease (Ishwarya and
Narendhirakannan, 2016). Sulfated agarans of G. cornea showed neuroprotective
effects in rats that were being used for research on Parkinson's disease (Souza et al.,
2017), as well as anxiolytic qualities (Monteiro et al., 2016). Several studies looked
into the opposite of acetylcholinesterase's catalytic role. Neurological symptoms of
Alzheimer's disease can be alleviated with the use of enzyme inhibitors. Some
authors, including Natarajan et al. (2009), found encouraging results in their work.
These authors demonstrated that methanolic concentrates of G. gracilis and G. edulis
have promising therapeutic potential, with IC50 values that are lower than donepezil
(reference standard). Suganthy et al. (2010) observed comparable results for G. edulis
methanol concentrates. However, as compared to other algal species, Gracilaria
strains demonstrated moderate (Bianco et al., 2015) and poor (Ghannadi, 2013)

physical activity.
2.4 Use of Glacilaria species in other fields:
2.4.1 Agglutinating activities:

Compounds called agglutinins cause natural or cellular particles to clump together
(Stegman, 2012). Antibodies and lectins are two well-known examples of such
molecules. As a class, agglutinins have several practical applications outside of blood
type, including antibacterial and cytotoxic properties (Stegman, 2012; Sharon and Lis,
2004). Here's something that's never happened before: over eighty percent of
published publications on the subject of agglutinating characteristics of concentrates
from species of Gracilaria evaluate the ability to agglutinate red platelets. Comparing
the agglutinating activity of various groups of macroalgae revealed wide variation
(red, brown, and green). Dinh et al. (2009) evaluated 44 different algae species and
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found some encouraging results. Researchers discovered that the erythrocytes of
rabbits, chickens, and sheep were agglutinated most effectively by the crude extract of

Gracilaria eucheumatoides Harvey and G. salicornia.
2.4.2 Agriculture:

Increased production and tolerance to biotic and abiotic difficulties are two of the
many benefits of employing macroalgae in plant crops (Battacharyya et al., 2015). In
recent years, it has become clear that numerous members of the genus Gracilaria also
have positive effects on plants that grow in soil. Mung bean plants benefited from G.
corticata aqueous extract in terms of both leaf output and stem or root size (Chitra et
al., 2013).Studies on G. caudata and G. domingensis extracts have led to the
discovery of several biostimulants for lettuce, including sulfated agarans, palmitic

acid, and phenylacetic acid (auxin) (Torres et al., 2018).

Gracilaria extracts have also been studied for their potential to combat several
pathogenic fungi that are a problem in agricultural settings. When results were
compared to those obtained with other varieties of macro algae (red, brown, and
green) or with controls, they were disappointing. Jiménez et al. (2011) found that G.
chilensis extracts in both water and alcohol were equally effective at inhibiting the

development of root-rot fungus (Phytophthora cinnamomi).
2.4.3 Antioxidant activities:

Antioxidants are chemical molecules that prevent or slow the oxidation of organic
matter or living organisms when they are exposed to oxidative stress. These chemicals
have many potential applications, including disease prevention and use as food and

cosmetic additives (Halliwell and Gutteridge, 2015).

Half of the papers looked at differences and similarities between different types of
macroalgae (red, brown, and green). The Gracilaria species studied here showed
weak to moderate cell reinforcement potential. Some examples of models include the
ones by Zhang et al. (2007) that focus on Chinese algae and Zubia et al. (2007) that
focus on Mexican algae. While research on sulfated agarans, such as that conducted
by Seedevi et al. (2017) has yielded promising results, such research has been rarely
concentrated. Results obtained by these writers were consistent with those found in

established normative sources (ascorbic acid and butylated hydroxytoluene — BHT).
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To give just one example, Murakami et al. (2005) revealed that the chloroform
concentrate of Gracilaria blodgettii Harvey was among the best of a small group of
land plants and algae at alleviating oxidative and nitrosative stress caused in
leucocytes.

2.4.4 Aquaculture:

Aquaculture is the practice of raising marine organisms in captivity, such as fish,
macroalgae, and crustaceans. A number of Gracilaria species have been noted as
having showed potential in specific uses, most notably in the shrimp and fish farming
industries. About 37% of all shrimp distributions in hydroponics come from in vivo
experiments (Chen et al., 2012; Chen et al., 2015; Yeh et al., 2010).

Whiteleg shrimp (Litopenaeus vannamei) infected with WSSV survived longer when
exposed to saltwater containing an aqueous extract of G. tenuistipitata (Lin et al.,
2011). For this analogy, we used whiteleg shrimp infected with Vibrio alginolyticus.
The liquid concentrate from G. tenuistipitata activates the prophenoloxidase
framework, which increases the resistance of whiteleg shrimp, as reported by Chen et
al. (2016)

Supplementation with Gracilaria species has been shown to improve the safety of
reactions in European seabass (Dicentrarchus labrax) (Peixoto et al., 2016) and
rainbow trout (Oncorhynchus mykiss) (Arajo et al., 2016), as well as reduce mortality

in gilt-head bream (Sparus aurata) exposed to hypoxia (Magnoni et al., 2017).

The bioactivity properties and effects of dietary supplementation with Gracilaria
species support their use as functional feed in aquaculture. Gracilaria species were
shown to have moderate to high antibacterial activity, which was low to nonexistent
in other macroalgae (red, brown, and green). One of the best results possibly was
achieved by Bansemir et al. (2006) when they zeroed in on 26 different macroalgae.
Results showed that the G. cornea dichloromethane extract was the most effective at

inhibiting the growth of the fish pathogen Pseudomonas anguilliseptica.

2.5 Different extraction method of red seaweed protein with advantages and

limitations:

There are a number of techniques used to extract the beneficial compounds from red

seaweed; for example, microwave-assisted extraction (MAE), enzyme-assisted
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extraction (EAE), ultrasound-assisted extraction (UAE), supercritical fluid extraction
(SFE), pressurized solvent extraction (PSE), reaction extrusion, and photo-bleaching,

each of which has its own set of benefits and drawbacks (Khalil et al., 2018).

Table 2.5: Advantages and limitations of different extraction methods of red seaweed
protein (Khalil et al., 2018)

Extraction Advantages Limitations
methods
Microwave- = Quick recovery time = Solvents with low
Assisted = Both organic solvents and dissipation factors
Extraction(MAE) water are acceptable. and high dielectric
= Suitable for materials that constants are
quickly deteriorate in high required.
temperatures = High capital cost
= Superior to the traditional = Expansion could
Soxhlet procedure occur, especially in

a closed tank

containing MAE.

Enzyme-Assisted = Permitted a sizable amount = Extraction takes a
Extraction(EAE) of bioactive chemical to be long time (from
produced hours to days)

= |nsufficient
moisture in the
starting  material

greatly reduces the

efficacy of
enzymatic
hydrolysis.
Ultrasound- = Rapid recovery time = Extraction
Assisted = Lower usage of solvents efficiency is highly
Extraction(UAE) = Extraction yields are very dependent on the
high. plant matrix.

Page | 13



Supercritical
Fluid
Extraction(SFE)

Pressurized
Solvent
Extraction(PSE)

Reaction

extrusion

Inexpensive .

Extremely pure, residue- .
free extracts

Non-solvent-based extracts

Short extraction time .
Perfect for the isolation of

heat-sensitive substances

Extraction efficiency is .
high, and fewer solvents are

used.

Minimal time required for .
extraction

Lessen the use of time and ]
solvents.

Quality of extracted yields

It is recommended
to use solvents that
have a low vapor
pressure,  surface
tension, and
viscosity.

The quality of
extracts could be
diminished by
over-sonication.
High pressure
requires expensive
equipment.

It could be

challenging to
isolate polar
substances.

Cost and energy to
process are very
high.

The high-pressure
equipment required
Is expensive.
Degradation of
thermo labile
compounds is a
possible side effect
of high-
temperature
extraction.

Not defined
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has increased.

Photo-bleaching = Because less bleaching = Not defined
agents are used, it is less
harmful to humans and the
environment.

= Better efficiency and quality

in extraction.

2.6 Amount of protein extraction from different red seaweed species:

The amount of protein extraction after application of different extraction methods

from different red seaweed species are given below-
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Table 2.6.1: Amount of protein extraction from Palmaria palmata

Name of the | Extraction methods Yield of | References
species extracted
protein (%)
Palmaria palmata | Classical sonication and salting out | 12.5 + 2.3 O’Connor et
method al., 2020
High-pressure processing (HPP) 149+1.1
Laboratory autoclave processing 21.5+1.4
Table 2.6.2: Amount of protein extraction from Chondrus crispus
Name of the | Extraction methods Yield of References
species extracted
protein (%)
Chondrus crispus Classical sonication and salting | 35.2 + 3.9 O’Connor et
out method al., 2020
High-pressure processing (HPP) 16.1+05
Laboratory autoclave processing 21.9+3.3

Table 2.6.3: Amount of protein extraction from Eucheuma cottonii

Protein extraction from Eucheuma cottonii (Lim et al., 2015)

Extraction methods Concentration Mass (1g) Total protein yields
(Hg/mL) (mg/g)

Phenol/lysis buffer extraction | 675.410£11.375 | 135.082+2.275 | 0.027%0.000

Chloroform extraction 448.330+22.793 | 89.666+4.559 0.018+0.001

Phenol/sodium dodecyl | 597.086+38.067 | 119.417+7.613 | 0.024+0.002

sulphate (SDS) buffer

extraction
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2.7 Amino acid profiling method of different red seaweed species:

Different amino acid profiling method of different seaweed species are given below-

Table 2.7: Amino acid profiling method of different red seaweed species

Name of the species

Amino acid profiling
method

References

Palmaria palmata

Liquid

using mass spectrometry

chromatography

Naseri et al., 2020

Porphyra dioica, Porphyra

High performance liquid

Machado et al., 2020

umbilicalis,Gracilaria chromatography.

vermiculophylla, and Ulva

rigida

Laurencia Filiformis, | Gas chromatography- | Gressler et al., 2012
Laurencia intricate, | mass spectrometry

Gracilaria domingensis.

Gracilaria birdiae

Gracilaria changii

High performance liquid

chromatography.

Benjama and Masniyom,
2011

Page | 17




2.8 Amino acid profiles of different red seaweeds:

Gressler et al. (2010) conducted research on the amino acid profiles of several distinct

species of red seaweed. These included Kappaphycus alvarezii,

Gracilaria

domingensis, Gracilaria birdiae, Laurencia filiformis, and Laurencia intricate.

Table 2.8: Amino acid profiles of different red seaweed species

Amino Kappaphycus | Gracilaria Gracilaria | Laurencia | Laurencia
acid(%) Alvarezii domingensis | birdiae filiformis | intricate
Cysteine Not defined 0.03 0.04 0.1 0.04
Isoleucine 0.12 0.4 0.4 0.5 0.3
L-Arginine 0.15 0.4 0.6 0.6 0.2
Leucine 0.22 0.7 0.7 0.8 0.5
L-Tyrosine 0.07 0.2 0.2 0.6 0.3
Lysine 0.14 0.4 0.6 1 0.5
Methionine 0.05 0.2 0.2 0.3 0.1
Phenylalanine | 0.13 0.4 0.5 0.5 0.3
Threonine 0.15 0.4 0.5 0.6 0.4
Valine 0.16 0.4 0.5 0.5 0.3
Glycine 0.16 0.5 0.6 0.7 0.5
Histidine 0.02 0.1 0.2 0.2 0.1
L-Alanine 0.18 0.6 0.7 0.7 0.5
L-Aspartate 0.29 1 1.2 1.5 1
L-Glutamate | 0.35 0.9 1 1.4 0.9
L-Proline 0.13 0.4 0.5 0.5 0.3
L-Serine 0.15 0.4 0.5 0.6 0.4
Tryptophan Not defined 0.2 0.2 0.1 0.1
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Chapter-3: Materials and Methods

3.1 Study period and Study area:

The research work was conducted for a period of 6 months from January 2022 to June
2022. Experimental procedure was carried out in the laboratory of the Department of
Applied Food Science and Nutrition and Poultry Research and Training Center

(PRTC) at Chattogram Veterinary and Animal Sciences University, Bangladesh.

3.2 Experimental Design:

At first, the red seaweed samples of Gracilaria fisheri were collected. The samples
were already prepared for the experiment. Then the prepared freeze dried samples
were used to determine the percentage of pure protein using different extraction
protocols such as method 1, method 2, method 3 and method 4. The percentage of
pure protein for each method was determined by the Kjeldahl method AOAC (2020).
Finally, protein characterization was done according to Benjama and Masniyom
(2011) with some slight modification applying the Water AccQ.Tag Amino acid
analysis method using High Performance Liquid Chromatography (HPLC) (Waters
Corporation €2695, Milford, MA, USA).

Collection of red seaweed samples

y

Extraction of protein

R I BN

Method 1 Method 2 Method 3 Method 4

! ! ! !

Quantification of pure protein

v

Characterization of highest percentage of pure protein

Figure 3.2: Flow diagram of Study Design
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3.3 Collection of Samples and Preparation:

The red seaweed samples of Gracilaria fisheri were purchased from Thailand. We
have also collected some samples from Cox’s bazar and Potenga seabeach but these
were mixed with other seaweeds. As we need pure samples for extraction, so we
decided to purchase pure sample from the reliable source (Hosni Ismael, seaweed
supplier) from Thailand. We purchased from them 500gm freeze dried sample and

20gm raw sample of G. fisheri for our research purpose.
3.4 Apparatus, Machineries and Chemicals required for the extraction:

Table 3.4: List of apparatus, machineries and chemicals required for the extraction of

protein from Gracilaria fisheri

Apparatus Machineries Chemicals
pH meter Magnetic stirrer Acetate buffer
Thermometer Centrifuge machine NaOH buffer
Centrifuge tube Sonicator Ammonium sulfate
Soxhlet apparatus Chiller HCL

Erlenmeyer flask

Freeze drier

Na,CO3

Dialysis tube

Ultrapure water

Plastic container

Deionized water

Blender / Grinder

Water bath

3.5 Protein extraction protocols of Gracilaria fisheri :

In the course of this research, a total of four different procedures for protein extraction
were carried out in order to compare the protein profiles of Gracilaria fisheri. These

are given below-

3.5.1 Method 1:
We used a modified version of the seaweed protein extraction method published by
Galland-Irmouli et al. (1999). The procedure used a combination of sonication,

ammonium sulfate extraction, acetate buffer, and cellulase enzyme.
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10gm freeze dried and ground seaweed powder

l

Suspended in 250mL Acetate buffer with 1gm cellulase enzyme (for 2hrs using water
bath)

Mixture suspended in 1L ultrapure water and placed in sonicator for 1hr

Stirred the solution on a magnetic stirrer (overnight, at 4°C)

!

Centrifuged at 10,000xg for 30min

G—

Supernatant was decanted

=

Supernatant + 60% (w/v) ammonium sulphate

G—

Mixture again stirred (at 4°C, 1hr) and centrifuged (at 10,000xg for 30min)
Precipitate protein fraction

Dialyzed the precipitate using dialysis tube against ultrapure water (overnight, at 4°C)

l

Freeze dried the precipitate

|

Finally stored at -80°C

Figure 3.5.1: Flow chart of Method 1 protein extraction procedure
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3.5.2 Method 2:

An enzymatic treatment was performed using a seaweed biomass/solution ratio of
1:20 w/w. The enzymatic extraction conditions such as pH and temperature were set
in enzyme, pH, temperature accordingly 0.4% (cellulase), 4.5, 50 respectively and the
pH was adjusted using either hydrochloric acid (HCI) or sodium carbonate (Na,COs)
described by Naseri et al. (2020).

500 mL of deionized H,O was added to each of the 1 L Erlenmeyer flasks

l

The enzymatic extraction conditions were constructed (such as 0.4% cellulase
enzyme, pH 4.5, 50°C temperature, and pH adjustment with HCL or Na2CO3

Placed the flasks in a water bath (at 50°C temperature and 80 rpm speed)

G—

Dried biomass was rehydrated for 1hr

!

Add cellulase enzyme & enzymatic extraction was performed for 14hrs

The pH of the total liquid fraction recovered from each Erlenmeyer flask during the
aqueous/enzymatic extraction and alkaline extraction was adjusted from about 13 to 3
with HCI( 5 M).

Precipitate protein

l

Immediately after protein precipitation, the resulting “soup” was centrifuged (at

4400x%g for 15 minat4 °C
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Supernatant (liquid) Pellet (solid)
Both were collected in a plastic container and stored at -80°C
Solid fraction was freeze dried

Finally milled before chemical analysis
Figure 3.5.2: Flow chart of Method 2 protein extraction procedure

3.5.3 Method 3:

The ratio of 1:20 w/w (seaweed biomass/solution) was utilized for the enzymatic
treatment. Here, pH was adjusted using hydrochloric acid (HCI) or sodium carbonate
(Na2CO3) and the enzymatic extraction conditions were set in enzyme, pH,
temperature appropriately 0.4% (Alcalase), 7, 50 as indicated by Naseri et al. (2020).

500 mL of deionized H,O was added to each of the 1 L Erlenmeyer flasks

Enzymetic extraction conditions were set (such as 0.4% Alcalase enzyme, pH 7, 50°C

temperature respectively and pH was adjusted either HCL/ Na,COs)

|

Placed the flasks in a water bath (at 50°C temperature and 80 rpm speed)

Dried biomass was rehydrated for 1hr

|

Add alcalase enzyme and enzymatic extraction was performed for 14hrs

l
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Then pH of the total liquid fraction recovered from each Erlenmeyer flask during the
aqueous/enzymatic extraction & alkaline extraction was lowered from approximately
13 to 3 using HCI (<5 M).

Precipitate protein

l

Immediately after protein precipitation, the resulting “soup” was centrifuged (at

4400xg for 15 min at 4 °C)

Supernatant (liquid) Pellet (solid)
Both were collected in a plastic container and stored at -80°C
Solid fraction was freeze dried

Finally milled before chemical analysis
Figure 3.5.3: Flow chart of Method 3 protein extraction procedure
3.5.4 Method 4:

In this method protein extraction from seaweed was employed as described by
Galland-Irmouli et al. (1999), with slight modification. The method used a
combination of treatment using sodium hydroxide (NaOH) buffer, sonication and

ammonium sulfate extraction without any enzymes.

10gm freeze dried and ground seaweed powder

!

Suspended in 250mL NaOH buffer (for 2hrs using water bath)
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Mixture suspended in 1L ultrapure water independently, followed by Sonication for
1hr

{——

Stirred the solution on a magnetic stirrer (overnight, at 4°C)

—

Centrifuged at 10,000xg for 30min

Supernatant was decanted

<

 —

Supernatant + 60% (w/v) ammonium sulphate

{—=

Mixture again stirred (at 4°C, 1h) and centrifuged (at 10,000xg for 30min)

G

Precipitate protein fraction

—

Dialyzed the precipitate using dialysis tube against ultrapure water (overnight, at 4°C)

S

Freeze dried the precipitate

.

Finally stored at -80°C

Figure 3.5.4: Flow chart of Method 4 protein extraction procedure
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3.6 Determination of yield of the protein extract:

The amount of protein that can be produced from a single cell as well as the total
number of cells that can secrete protein together defines the yield. Calculations were
done to determine the amount of seaweed protein extract powder that could be
derived from seaweed powder (in triplicate). The calculation was performed as
followed by O’Connor et al. (2020):

Weight of seaweed protein extract powder
£ P P X 100

Seaweed protein extract powder (%) =

Weight of freeze dried seaweed powder
3.7 Determination of protein content of the protein extract:

Kjeldahl technique was used to determine protein content in accordance with AOAC
guidelines (2000). The method was employed using a Kjeltech System (Foss Tecator
Digestor DS6 2006).

Steps of kjeldahl method:

Digestion: Firstly, 1.0 gm of sample was weighed and transferred into a 250 mL
digestive tube. Secondly, two tablets of Kjeltabs Cu 3.5 catalyst were added into the
digestive tube containing the sample. Thirdly, 12 mL of concentrated H,SO, was
poured into digestive tube. The digestive tube was shaken gently to ensure the sample
was mixed well with acid. Once the aspirator system was functioning well, the
digestive tube was positioned on a rack for further inspection. The digestive tube was
connected to exhaust system by placing on a preheated Digestive Heater Block D26 at
420°C. Digestive process was conducted until the colour of sample solution change to
green or light blue colour. The time consumption of the change in colour of sample

commonly between 30 min and 60 min depend on the type of sample used.

Distillation: Next, the digested sample was cooled down for 2 min to 10 min,
followed by the addition of 75 mL of distilled water into the cooled digestive tube.
Afterwards, 50 mL of 40% NaOH was flowed into digestive tube automatically.
Then, in a 250 mL conical flask, 25 mL of 4% boric acid and 5 drops of Green
Bromocresol indicator were placed as a receiving solution. The distillation apparatus
was then filled with the receiving solution (2100 Kjeltec Distillation Unit, FOSS,

Sweden). After 4 minutes of distillation, a pale green solution was obtained.
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Titration: Lastly, the distillation product was titrated with 0.1 N HCI until the colour
of the solution turned into blue or grey colour and the volume of titration was

recorded.

A blank was used during analysis. Blank solution contained two tablets of Kjeltabs Cu
3.5 catalyst and 12 mL of concentrated H,SO4 without any sample was used to
undergo similar process which were digestion, distillation and titration.

The percentage of nitrogen and protein content in the sample was calculated as

follows:

Calculation: The calculation of the percentage of protein in the sample using protein

factor 5.

(T-B)XNx0.014
Weight of sample (mg)

% of Nitrogen = x 100

Where, T = Volume of titration sample
B = Volume of titration for blank
N=Normality of acid (0.1N)

0.014= meq. of Nitrogen

% of Protein= % Nitrogenx 5

3.8 Determination of amino acid:

A small modification of Benjama and Masniyom (2011) was used to determine the
amino acid composition of G. fisheri. This was accomplished by utilizing a High
Performance Liquid Chromatography (HPLC) system (Waters Corporation e2695,
Milford, MA, USA) equipped with a degasser, auto sampler, and fluorescence

detector to carry out the Water AccQ.Tag Amino acid analysis method.

Each sample was analyzed twice, using the same amino acid analysis method. A
volumetric flask holding 50 mL was labeled and filled with 2 gm of each sample. To
each of the conical flasks, 20 mL of 6N HCL was added. The volumetric flasks' caps
were then screwed on securely, making them airtight. The hydrolysis was carried out
by placing each flask in an oven preheated to 105°C for a period of 24 hrs. After the
hydrolysis was complete, the flasks were allowed to cool and 20 mL of water was

added to each solution. After a thorough mixing, the solution was strained through
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Whatman filter paper. The pH was adjusted to 7:10 with 0.1N NaOH after the filtrate
was collected. After that, 2 mL of each solution was filtered using a 0.2 m syringe and
stored in a sample vial. In order to replicate the results, 50 L of reagent powder and 50
L of reagent diluent were pipetted from one vial (reagent + sample) to another vial
(reagent + diluent) and labeled accordingly. About 350 L of AccQ-Fluor Borate
Buffer was pipetted into this vial and vortexed for ten minutes. About 150 L of the

solution was pipetted into the HPLC inner tube for each vial (reagent + sample).

High Performance Liquid Chromatography System (Model: Waters €2695, Waters
Corporation, USA) equipped with Fluorescence detector (FLR 2475) and C8 column
(3.9 150 mm) was used to analyze amino acids. These are the instrumental
parameters: Maintain a flow rate of 1 mL/min through a column kept at 37°c, with an
injection volume of 10 L and a detection wavelength of 250-395 nm in size using
fluorescence detection. Aqueous Buffer, Acetonitrile, and Deionized Water were used

as mobile phases in the procedure.
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Chapter-4: Results

4.1 Results of Total protein (%) from raw sample by kjeldahl method:

Table 4.1 Percentage of Total protein from raw sample by kjeldahl method

Raw sample Percentage of Total protein (%o)
Before drying 13.23+ 0.099
After drying 25.52+0.855

The term "Total protein™ or "Crude protein” refers to the sum of the sample's nitrogen
components, both protein nitrogen and all other forms of nitrogen. Table 4.1 shows
the total protein content of raw seaweed sample before drying and after drying is
13.23%and 25.52% accordingly after application of Kjeldahl method.

4.2 Results of Pure protein (%) from processed sample by different extraction
methods:

Table 4.2 Percentage of Pure protein from processed sample by different extraction

methods

Processed sample Percentage of Pure protein (%)
Method 1 86+2.269

Method 2 28+0.764

Method 3 46+1.031

Method 4 10+0.049

"Pure protein™ only accounts for the nitrogen found in proteins and excludes all other
forms of nitrogen. The current research was mainly carried out to compare the four
different protein extraction methods of red seaweed, Gracilaria fisheri based on their
purity and highest percentage of extraction rate. The percentage of pure protein
extract in processed seaweed samples of different extraction procedures ranged from

10% to 86%. Table 4.2 shows that, method 1 extraction protocol contained the highest
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percentage of pure protein content about 86%, whereas method 4 extraction protocol

found the lowest amount around 10% of pure protein.
4.3 Results of the yield of extracted pure protein (%0):

Table 4.3 Percentage of the yield of extracted pure protein

Different extraction method Yield of extracted pure protein (%0)
Method 1 8.74+0.734

Method 2 19.21+2.167

Method 3 12.32+2.000

Method 4 25.11+2.774

A protein purification process has a yield if a significant amount of the original
starting protein or enzyme remains in the final purified protein fraction. Activity
rather than total protein is used to calculate yield in purification tables because total
protein may contain unwanted by products. A high "% vyield" indicates that a

significant amount of the targeted enzyme was successfully extracted.

The yield of extracted protein ranged from 25.11% to 8.74% in different extraction
procedures. Table 4.3 shows that, the lowest yield of protein extract (8.74%) was
obtained when Method 1 extraction protocol was used, 19.21% and 12.32% yield
were found accordingly followed by method 2 & method 3 whereas highest yield
(25.11%) was experienced in Method 4 extraction process.
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4.4 Results of amino acid analysis (ppm):

The following table shows the amino acid profile of the highest percentage of

extracted protein obtained from method 1 extraction technique. The content of amino

acids in G. fisheri was determined according to Benjama and Masniyom (2011) with
some slight modification. The HPLC (Waters Corporation 2695, Milford, MA, USA)
equipped with degasser, auto sampler, and fluorescence detector was used to analyse

amino acids in G. fisheri. Amino acid profiling of protein helps to investigate the

nutritional aspects of protein.

Table 4.4: Amino acid analysis (ppm) from highest percentage of extracted pure

protein

No of | Mean SD Method of hydrolysis Amino acid
amino

acid

1 0.8825 | 0.248194 | alkaline hydrolysis Tryptophan
2 2.252 0.079196 | performic acid oxidation Cysteine

3 3.6875 | 0.051619 | performic acid oxidation Methionine
4 9.39 1.398657 | HCI hydrolysis Aspartic acid
5 6.16535 | 0.46761 HCI hydrolysis Serine

6 11.388 | 1.052175 | HCI hydrolysis Glutamic acid
7 7.1775 | 0.692258 | HCI hydrolysis Glycine

8 1.68 0.196576 | HCI hydrolysis Histidine

9 7.3695 | 1.132078 | HCI hydrolysis Arginine

10 7.6635 | 1.426234 | HCI hydrolysis Threonine
11 9.711 1.291177 | HCI hydrolysis Alanine

12 49515 | 0.509824 | HCI hydrolysis Proline

13 4.0775 | 0.509824 | HCI hydrolysis Tyrosine

14 7.6135 | 0.842164 | HCI hydrolysis Valine

15 6.106 0.729734 | HCI hydrolysis Lysine

16 4.326 0.280014 | HCI hydrolysis Isoleucine
17 7.8815 | 0.613062 | HCI hydrolysis Leucine

18 4.26 0.346482 | HCI hydrolysis Phenylalanie
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Chapter-5: Discussions

5.1 Extracted yield & protein content of Gracilaria fisheri:

The total protein content of the raw sample of Gracilaria fisheri on a dry weight basis
was found to be 25.52%, which is comparatively higher than the values that were
previously reported for other red seaweed species such as Caulerpa veravelensis
(7.77£0.59%), Caulerpa scalpelliformis (10.50+£0.91%), Laminaria japonica (9.1%),
Palmaria palmata (13.5%) (Suresh et al., 2014); Gracilaria gracilis (10.86%) (Rasyid
et al., 2019) and Gracilaria changii (12.57%) (Sharmin et al., 2022).

During this study four different protein extraction protocols were studied for the
comparison of the efficiency of pure protein extraction. Methodl was determined to
have the highest rate of pure protein extraction. In essence, it was used in the same
way that Galland-Irmouli et al. (1999) described it. Using a mixture of acetate buffer,
cellulase enzyme, sonication, and ammonium sulfate extraction, the substance was
treated. In this study, figure 4.4 shows that, Method 1 contained the highest efficiency
(86%) of pure protein extraction, whereas, method 4 contained the lowest efficiency
(10%) of extraction. In Method 4, NaOH were used as a buffer and no enzymes were
used. Method 2 & Method 3 showed 28% & 46% efficiency of extraction

accordingly.

Proteins in seaweed are often covalently bonded to polysaccharides and polyphenols,
among other non-protein components, inside the seaweed cell. Macromolecular cell
wall complexes and proteins cross-linked via disulphide linkages to polysaccharides
have been identified in seaweed (Harnedy and FitzGerald, 2019; Deniaud et al., 2003;
Amano et al., 1990). Alkaline solutions (NaOH) have been shown to successfully
dissolve and facilitate the removal of extremely water-resistant proteins from seaweed
and microalgae in a number of studies (Harnedy and FitzGerald, 2019; Lourengo et
al., 2002; Amano et al., 1990). Extracting high-protein components from plant and
muscle sources is another typical usage for food-grade NaOH. Soy protein isolates
and surimi-based products both benefit from this process, as does the removal of fish
muscle proteins (Harnedy and FitzGerald, 2019). However, as Naseri et al. (2020)
shown, the protein extraction efficiency from Palmaria palmate was only around 45%

when using the alkaline extraction outlined by Galland-Irmouli et al. (1999).
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However our current research found a better result around 86% efficiency of
extraction from method 1 extraction technique utilizing the combination of acetate

buffer & cellulase enzyme rather than NaOH buffer alone.

In the current study, Table 4.5 revealed that the removed yield of protein content
from freeze dried Gracilaria fisheri was viewed as 8.74%, 19.21%, 12.32%, and
25.11% for method 1, method 2, method 3 and method 4 respectively. Protein
recovery rates for Palmaria palmata were 12.5%, 14.9%, and 21.5% after being
subjected to traditional, high pressure processing, and autoclave pre-treatments, while
rates for Chondrus crispus were 35.2%, 16.1%, and 21.5% (O'Connor et al., 2020).

Alkaline-soluble proteins were extracted from milled, oven-dried Palmaria palmata
by Harnedy and FitzGerald using a variety of enzymes, including Celluclast 1.5 L,
Shearzyme 500 L, Ultraflo, and Corolase, in addition to different amounts of sodium
hydroxide (NaOH) and N-acetyl-L-cysteine (NAC). In a recent study, Umamizyme
was used to increase the extraction yield from 24% to 80% (Bjarnadottir et al., 2018).
This is in contrast to the 24%, 40%, and 67% vyields achieved using chemical
extraction, physical procedure, and enzymatic hydrolysis (Harnedy and FitzGerald,
2019). Bjarnadottir et al. (2018) used Xylanase and Umamizyme as proteases on
frozen Palmaria palmata, achieving extraction yields of roughly 50% and 65% in the
liquid fractions, respectively. Wet-milled samples (total 300gm) were included in a
trial where 2 mg of pure xylanase and 200 mg of Umamizyme were added
(Bjarnadottir et al., 2018). The difference between their and our extraction efficiency
could be due to the use of different enzymes (resulting in varied enzyme activity) or a

greater enzyme concentration.
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5.2 Amino acid profile of proteins:

Analyzing the amino acid profile of the processed Gracilaria fisheri sample, the
researchers found that it was quite comparable to what had been described before.
Method 1 protein extraction found the maximum protein purity, which was employed
in this study for amino acid profiling of Gracilaria fisheri to investigate the
nutritional aspects of protein. Since red seaweeds have a larger protein level than
brown and green seaweeds, they also have greater amino acid content (Fleurence,
1999).

Table 4.6 shows, 18 amino acids obtained from control acid oxidation, acid
hydrolysis and alkaline hydrolysis by using HPLC. Data reveal that amino acids were
better preserved after HCI hydrolysis (Asparticacid, Serine, Glutamicacid, Glycine,
Histidine, Arginine, Threonine, Alanine, Proline, Tyrosine, Valine, Lysine, Isoleucie,
Leucine, Phenylalanine). Cysteine and Methionine were reported to be present in the
sample obtained from performic acid oxidation, but alkaline hydrolysis only yielded
tryptophan. It's easy for HCI to hydrolyse the amino acids tryptophan, cysteine, and
methionine. These findings suggest that the proteins isolated from the processed
Gracilaria fisheri sample are of a good quality, since this is determined by the amino

acid content and digestibility of the protein (Cerna, 2011).

It was found that glutamic acid (11.388%) was the most abundant essential amino
acid in G. fisheri. Glutamic acid present in G. fisheri has a role in immunity,
detoxification, digestive health, and even muscle development and repair (Tinsley,
2018).

According to the relevant study by Kadam et al. (2016), alkaline extraction is superior
to acid extraction at preserving some amino acids (Phenylalanine, Serine, Glycine,
and Valine), but threonine is destroyed only under alkaline extraction conditions. The
samples extracted contained “essential” amino acids such as histidine, threonine,
valine, and phenylalanine. Hydrolysis at high alkaline or acidic pH levels is known to
totally destroy some amino acids (lvarez et al., 2013; Ravindran and Bryden, 2005;
Fountoulakis and Lahm, 1998) leading to the production of new nitrogenous

molecules.

In the previous study (Chan and Matanjun, 2017), nine essential amino acids

including arginine, threonine, valine, methionine, lysine, isoleucine, leucine,
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phenylalanine and seven non-essential amino acids including aspartic acid, glutamic
acid, serine, glycine, histidine, alanine, and proline were detected in G. changii at
different proportion, after acid hydrolysis of the protein samples tryptophan and
cysteine were removed as per Benjama and Masniyom (2011), with a little adjustment

using high-performance liquid chromatography (HPLC).

All of the essential amino acids (EAAS) were identified in G. fisheri using the same
methodology as described by Benjama and Masniyom (2011) with the exception of
asparagine and glutamine, which were destroyed during acid hydrolysis of the protein
samples. This number was greater than that of the previous study (Norziah and Ching,
2000), but it is equivalent to other species of Gracilaria reported previously (Benjama
and Masniyom, 2012; Gressler et al., 2010).
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Chapter-6: Conclusions

The principal finding of the current research is that by utilizing the combination of
enzymes with slight adjustment through an alkaline extraction strategy in method 1, it
was possible to separate up to 86% of pure protein from Gracilaria fisheri. In this
study method 1 was viewed as fruitful in light of the fact that it produced the highest
percentage of pure protein than other species of red seaweed. The study revealed that
the percentage of pure protein extracted using method 1 has both scientific and
economic relevance. So, it was demonstrated to be a suitable technique for the
reduction of processing time and better extraction of pure proteins. All extraction
methods used in this study have a high potential for producing pure protein based on
the extracted yield. Thus method 1 found to be optimum for amino acid profiling and
it was carried out in this study through acid oxidation, acid hydrolysis and alkali
hydrolysis by utilizing HPLC method. The outcomes of the amino acid profile helps
for the investigation of nutritional aspects of protein. Gracilaria fisheri is widely
recognized for its enormous value to human nutrition and its commercial potential in
fields as diverse as food, cosmetics, and medicine. As such, it has potential as a
backup plan to meet the growing need for protein around the world.
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Chapter-7: Recommendations & Future Perspectives

However, more research is required and encouraged so that the liquid protein can be
recovered more effectively. Ultrafiltration (UF) is one method that can be used to
recover as much of the liquid as possible and it is something that has to be researched
in the future. Furthermore, the peptides produced may have interesting physiological

and nutritional features that require further research.

Protein in the solid fraction can be used as a substitute for total protein in the raw
materials. Since this solid fraction contains protein, it can be put to use as a protein-
rich by-product in a variety of contexts, such as a dietary supplement for poultry or
fish. There should be more study done on the possibility of using seaweed protein as a
supplement to meet the needs of a rapidly expanding population. The results of this

investigation have revealed some huge gaps that require additional research.

More investigation is needed to identify new useful components in Gracilaria fisheri
that can be incorporated into food products. Interesting discoveries emerge as we
investigate the potential of seaweed protein in the development of new food products,
the effects of different processing and packaging methods, and the interactions of

seaweed protein with other components of the food matrix.

It appears that proteins, peptides, and amino acids extracted from seaweed will have
significant use in the fields of nutrition, dietary supplementation, animal feed, and
medical study. These elements have the potential to be refined into a variety of useful
products, including nutraceuticals, treatments, cosmetics, and even animal feed. To
sum up, scientists are entering a new era of human nutrition due to the discovery of

seaweed protein, which has several potential health benefits.
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Appendix A: Photo Gallery

Weighing of processed
sample

Preparation of buffer

Weighing of enzyme

Adding enzyme into buffer
solution
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Addition of seaweed
powder

Mixture of seaweed
powder, buffer and enzyme

Water bath

Sonication

Sample after sonication
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Centrifugation of the sample

Supernatant after
Centrifugation

Dialysis

Measurement of
ammonium sulphate

Dialysis tube
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Sample after protein test
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