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Journal of Tropical Agricultural Science
About the Journal
Overview
Pertanika Journal of Tropical Agricultural Science (JTAS) is the official journal of Universiti Putra Malaysia 
published by UPM Press. It is an open-access online scientific journal which is free of charge. It publishes 
the scientific outputs. It neither accepts nor commissions third party content.

Recognized internationally as the leading peer-reviewed interdisciplinary journal devoted to the 
publication of original papers, it serves as a forum for practical approaches to improving quality in issues 
pertaining to tropical agriculture and its related fields. 

JTAS is a quarterly (February, May, August and November) periodical that considers for publication 
original articles as per its scope. The journal publishes in English and it is open to authors around the 
world regardless of the nationality. 

The Journal is available world-wide.

Aims and scope
Pertanika Journal of Tropical Agricultural Science aims to provide a forum for high quality research 
related to tropical agricultural research. Areas relevant to the scope of the journal include: agricultural 
biotechnology, biochemistry, biology, ecology, fisheries, forestry, food sciences, genetics, microbiology, 
pathology and management, physiology, plant and animal sciences, production of plants and animals of 
economic importance, and veterinary medicine. 

History
Pertanika was founded in 1978. A decision was made in 1992 to streamline Pertanika into three journals 
as Journal of Tropical Agricultural Science, Journal of Science & Technology, and Journal of Social 
Sciences & Humanities to meet the need for specialised journals in areas of study aligned with the 
interdisciplinary strengths of the university. 

After 40 years, as an interdisciplinary journal of Agriculture, the revamped Journal, a leading agricultural 
journal in Malaysia now focuses on tropical agricultural research and its related fields.

Goal of Pertanika
Our goal is to bring the highest quality research to the widest possible audience.

Quality 
We aim for excellence, sustained by a responsible and professional approach to journal publishing. 
Submissions are guaranteed to receive a decision within 14 weeks. The elapsed time from submission 
to publication for the articles averages 5-6 months. 

Abstracting and indexing of Pertanika
Pertanika is almost 40 years old; this accumulated knowledge has resulted in Pertanika JTAS being 
abstracted and indexed in SCOPUS (Elsevier), Thomson (ISI) Web of Knowledge [BIOSIS & CAB Abstracts], 
EBSCO & EBSCOhost, DOAJ, Agricola, Cabell’s Directories, Google Scholar, MyAIS, ISC & Rubriq (Journal 
Guide).

Future vision
We are continuously improving access to our journal archives, content, and research services. We have 
the drive to realise exciting new horizons that will benefit not only the academic community, but society 
itself. 
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Citing journal articles
The abbreviation for Pertanika Journal of Tropical Agricultural Science is Pertanika J. Trop. Agric. Sci.

Publication policy
Pertanika policy prohibits an author from submitting the same manuscript for concurrent consideration 
by two or more publications. It prohibits as well publication of any manuscript that has already been 
published either in whole or substantial part elsewhere. It also does not permit publication of manuscript 
that has been published in full in Proceedings. 

Code of Ethics
The Pertanika Journals and Universiti Putra Malaysia takes seriously the responsibility of all of its 
journal publications to reflect the highest in publication ethics. Thus all journals and journal editors are 
expected to abide by the Journal’s codes of ethics. Refer to Pertanika’s Code of Ethics for full details, or 
visit the Journal’s web link at http://www.pertanika.upm.edu.my/code_of_ethics.php

International Standard Serial Number (ISSN)
An ISSN is an 8-digit code used to identify periodicals such as journals of all kinds and on all media–print 
and electronic. All Pertanika journals have ISSN as well as an e-ISSN. 

Journal of Tropical Agricultural Science: ISSN 1511-3701 (Print); ISSN 2231-8542 (Online).

Lag time 
A decision on acceptance or rejection of a manuscript is reached in 3 to 4 months (average 14 weeks). 
The elapsed time from submission to publication for the articles averages 5-6 months. 

Authorship
Authors are not permitted to add or remove any names from the authorship provided at the time of 
initial submission without the consent of the Journal’s Chief Executive Editor.

Manuscript preparation
Refer to Pertanika’s Instructions to Authors at the back of this journal.

Most scientific papers are prepared according to a format called IMRAD. The term represents the first 
letters of the words Introduction, Materials and Methods, Results, And, Discussion. IMRAD is simply 
a more ‘defined’ version of the “IBC” [Introduction, Body, Conclusion] format used for all academic 
writing. IMRAD indicates a pattern or format rather than a complete list of headings or components of 
research papers; the missing parts of a paper are: Title, Authors, Keywords, Abstract, Conclusions, and 
References. Additionally, some papers include Acknowledgments and Appendices. 

The Introduction explains the scope and objective of the study in the light of current knowledge on the 
subject; the Materials and Methods describes how the study was conducted; the Results section reports 
what was found in the study; and the Discussion section explains meaning and significance of the results 
and provides suggestions for future directions of research. The manuscript must be prepared according 
to the Journal’s Instructions to Authors.

Editorial process
Authors are notified with an acknowledgement containing a Manuscript ID on receipt of a manuscript, 
and upon the editorial decision regarding publication. 

Pertanika follows a double-blind peer-review process. Manuscripts deemed suitable for publication 
are usually sent to reviewers. Authors are encouraged to suggest names of at least three potential 
reviewers at the time of submission of their manuscript to Pertanika, but the editors will make the final 
choice. The editors are not, however, bound by these suggestions. 
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Notification of the editorial decision is usually provided within ten to fourteen weeks from the receipt 
of manuscript. Publication of solicited manuscripts is not guaranteed. In most cases, manuscripts are 
accepted conditionally, pending an author’s revision of the material.

As articles are double-blind reviewed, material that might identify authorship of the paper should be 
placed only on page 2 as described in the first-4 page format in Pertanika’s Instructions to Authors 
given at the back of this journal. 

The Journal’s peer-review
In the peer-review process, three referees independently evaluate the scientific quality of the submitted 
manuscripts. 

Peer reviewers are experts chosen by journal editors to provide written assessment of the strengths and 
weaknesses of written research, with the aim of improving the reporting of research and identifying the 
most appropriate and highest quality material for the journal.

Operating and review process
What happens to a manuscript once it is submitted to Pertanika? Typically, there are seven steps to the 
editorial review process:

1.	 The Journal’s chief executive editor and the editorial board examine the paper to determine 
whether it is appropriate for the journal and should be reviewed. If not appropriate, the 
manuscript is rejected outright and the author is informed. 

2.	 The chief executive editor sends the article-identifying information having been removed, 
to three reviewers. Typically, one of these is from the Journal’s editorial board. Others are 
specialists in the subject matter represented by the article. The chief executive editor asks 
them to complete the review in three weeks. 

Comments to authors are about the appropriateness and adequacy of the theoretical or 
conceptual framework, literature review, method, results and discussion, and conclusions. 
Reviewers often include suggestions for strengthening of the manuscript. Comments to the 
editor are in the nature of the significance of the work and its potential contribution to the 
literature.

3.	 The chief executive editor, in consultation with the editor-in-chief, examines the reviews and 
decides whether to reject the manuscript, invite the author(s) to revise and resubmit the 
manuscript, or seek additional reviews. Final acceptance or rejection rests with the Edito-
in-Chief, who reserves the right to refuse any material for publication. In rare instances, 
the manuscript is accepted with almost no revision. Almost without exception, reviewers’ 
comments (to the author) are forwarded to the author. If a revision is indicated, the editor 
provides guidelines for attending to the reviewers’ suggestions and perhaps additional advice 
about revising the manuscript. 

4.	 The authors decide whether and how to address the reviewers’ comments and criticisms and 
the editor’s concerns. The authors return a revised version of the paper to the chief executive 
editor along with specific information describing how they have answered’ the concerns 
of the reviewers and the editor, usually in a tabular form. The author(s) may also submit 
a rebuttal if there is a need especially when the author disagrees with certain comments 
provided by reviewer(s).

5.	 The chief executive editor sends the revised paper out for re-review. Typically, at least one of 
the original reviewers will be asked to examine the article. 

6.	 When the reviewers have completed their work, the chief executive editor in consultation 
with the editorial board and the editor-in-chief examine their comments and decide whether 
the paper is ready to be published, needs another round of revisions, or should be rejected. 



Jo
u

rn
a

l o
f T

ro
p

ica
l A

g
ricu

ltu
ra

l S
cie

n
ce

		


Jo
u

rn
a

l o
f T

ro
p

ica
l A

g
ricu

ltu
ra

l S
cie

n
ce

	
Jo

u
rn

a
l o

f T
ro

p
ica

l A
g

ricu
ltu

ra
l S

cie
n

ce

7.	 If the decision is to accept, an acceptance letter is sent to all the author(s), the paper is sent to 
the Press. The article should appear in print in approximately three months. 

The Publisher ensures that the paper adheres to the correct style (in-text citations, the 
reference list, and tables are typical areas of concern, clarity, and grammar). The authors are 
asked to respond to any minor queries by the Publisher. Following these corrections, page 
proofs are mailed to the corresponding authors for their final approval. At this point, only 
essential changes are accepted. Finally, the article appears in the pages of the Journal and is 
posted on-line. 
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Foreword

Welcome to the First Issue of 2019 for the Journal of Tropical Agricultural Science (JTAS)!

JTAS is an open-access journal for studies in Tropical Agricultural Science published by 
Universiti Putra Malaysia Press. It is independently owned and managed by the university 
and run on a non-profit basis for the benefit of the world-wide science community.

This issue contains 28 articles; 3 are review articles, 1 is a short communication and 
the rest are regular articles. The authors of these articles come from different countries 
namely Bangladesh, Indonesia, Iran, Iraq, Malaysia, Nigeria, Philippines and Thailand. 

Articles submitted in this issue cover various scopes of Tropical Agricultural Science 
including animal production, aquaculture, biochemistry, biotechnology, crop and 
pasture production, ecology, fisheries sciences, food and nutrition development, forestry 
sciences, genetics and molecular biology, horticulture, microbiology, plant physiology, 
soil and water sciences and zoology.

Selected from the scope of food and nutrition development is an article entitled 
“Antioxidant and Antidiabetic Effects of Garcinia schomburgkiana Extracts and Fermented 
Juices” by Sirikul Thummajitsakul, Bongkoj Boonburapong and Kun Silprasit, fellow 
researchers from Srinakharinwirot University, Thailand. Their study investigated total 
phenolic contents, antioxidant activities, and antidiabetic activities in flesh, seed and leaf 
extracts, and the fermented juices of Garcinia schomburgkiana Pierre (Madan). They 
found that the seed extract showed the highest value of total phenolic content, radical 
scavenging activity, and amylase inhibitory activity, whereas the leaf extracts revealed 
the strongest ferrous ion chelating activity, and inhibitory activities on glucosidase 
and lipase. Their results also indicated that G. schomburgkiana Pierre is a potential 
nutraceutical source, and its fermented juice can be further improved as healthy fruit 
drink. Details of the article is available on page 45.

Selected from the scope of biotechnology is an article entitled “Removal of Heavy Metals 
in Lake Water Using Bioflocculant Produced by Bacillus subtilis“ by Choong Chiou Dih, 
Nurul Amirah Jamaluddin and Zufarzaana Zulkeflee, fellow researchers from Faculty of 
Environmental Studies, Universiti Putra Malaysia, Malaysia. The study investigated the 
removal of heavy metals from synthetic wastewater and lake water samples that had 
been treated with bioflocculant produced by the strain. ICP-MS was used to measure 
the concentration of the metals in the samples before and after treatment by the 
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bioflocculant. Their results had proven that bioflocculant produced by B. subtilis was 
a good alternative to chemically-based solution in remediating heavy metal polluted 
waters. Details of the article is available on page 89.

Selected from the scope of microbiology is an article entitled “Biorisk Assessment of 
Antibiotic-Resistant Pathogenic Bacteria Isolated from Swiftlet Houses in Sarawak” by 
Sui Sien Leong, Lihan Samuel, Hwa Chuan Chia, Jui Heng Roland Kueh and Yee Min Kwan, 
fellow researchers from Universiti Malaysia Sarawak, Malaysia. The study investigated the 
relative effects of the main determinants of antibiotic-resistant pathogenic bacteria and 
estimated the risk of the emergence and spread of antibiotic resistance among humans 
in the swiftlet’s faeces and its indoor air to human health. The methods applied focused 
mainly on the hazard identification, exposure assessment, and hazard assessment. 
Their results showed that over half of the pathogenic bacterial isolates were multidrug-
resistant to a wide range of commonly used antibiotics. These emerging pathogenic 
antibiotic resistant bacteria are capable of causing life-threatening infections which pose 
a health hazard to the biodiversity. Details of the article is available on page 285.

We anticipate that you will find the evidence presented in this issue to be intriguing, 
thought-provoking and useful in reaching new milestones in your own research. Please 
recommend the journal to your colleagues and students to make this endeavour 
meaningful.

All the papers published in this edition underwent Pertanika’s stringent peer-review 
process involving a minimum of two reviewers comprising internal as well as external 
referees. This was to ensure that the quality of the papers justified the high ranking 
of the journal, which is renowned as a heavily-cited journal not only by authors and 
researchers in Malaysia but by those in other countries around the world as well. 

We would also like to express our gratitude to all the contributors, namely the authors, 
reviewers and editors, who have made this issue possible. 

JTAS is currently accepting manuscripts for upcoming issues based on original qualitative 
or quantitative research that opens new areas of inquiry and investigation.

Chief Executive Editor
Prof. Dato’ Dr. Abu Bakar Salleh
executive_editor.pertanika@upm.my
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ABSTRACT 

Aframomum melegueta (AM) is an herbaceous plant consumed as an edible spice and 
traditionally used to treat common ailments in West Africa, such as body pains, diarrhoea, 
sore throat, catarrh, congestion and rheumatism. Moreover, AM has been used to treat 
infectious diseases such as urinary tract infections caused by Escherichia coli, Klebsiella 
pneumoniae, Enterococcus faecalis, Staphylococcus saprophyticus, Proteus mirabilis, 
methicillin-resistant Staphylococcus aureus, Salmonella spp, and Shigella spp. Based 
on current literature, different parts of the plant possess specific phytochemicals such as 
flavonoids, phenolic compounds, alkaloids, tannins, terpenoids, saponins, and cardiac 
glycosides that have healing potential and medicinal purposes. These phytochemicals 
exhibit anti-inflammatory, antimicrobial, anti-allergic, anti-clotting, anti-cancer, anti-
diabetic and hepatoprotective effects. They also act as antioxidants to counteract free 
radicals, and immune enhancers as well as hormone modulators. However, research on 

medicinal properties of AM is still very 
limited. Therefore, more comprehensive 
studies need to be performed to elucidate 
the medicinal purposes of AM. This review 
summarises findings from previous studies 
on the pharmacological activities of AM.

Keywords: Aframomum melegueta, natural product, 

pharmacological activity, phytochemicals
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INTRODUCTION

Tropical plants have, since antiquity, been 
known to exhibit pharmacological effects, 
and utilising them for therapeutic purposes 
is far more economical than allopathic 
medicine. A report has suggested that the 
total number of terrestrial plant species is 
around 500,000 species globally (Corlett, 
2016), consisting of an estimated 450,000 
angiosperms (Pimm & Joppa, 2015), 1,000 
gymnosperms (Christenhusz et al., 2011), 
10,000 ferns (Ranker & Sundue, 2015), 
1,300 lycophytes, 9,000 mosses (Magill, 
2010), 250 hornworts (Villarreal et al., 
2010) and 7,500 liverworts (Von Konrat et 
al., 2010). The practice of using plants to 
treat diseases has originated since antiquity, 
when people discovered that they harbour 
healing potentials (Ríos & Recio, 2005). The 
practice of using plants for the maintenance 
of health or treatment of illness is regarded 
as a type of “traditional medicine”. The term 
“traditional medicine” is interchangeably 
used with “herbal medicine” or “natural 
medicine” (Gilani & Rahman, 2005). 

In the same light, Aframomum melegueta 
(AM), from the family Zingiberaceae, is a 
shining example of an herbaceous plant 
used traditionally for treating ailments.  The 
taxonomical classification of the plant is as 
follows: Plantae (kingdom), Tracheophyta 
(phylum), Liliopsida (class), Zingiberales 
(order), Zingiberaceae (family), Aframomum 
(genus) and Aframomum melegueta 
(species). This plant is also known as 
alligator pepper, grains of paradise, guinea 
pepper or melegueta pepper. It is native to 
tropical African countries such as Ghana, 

Nigeria, Liberia and Cameroon (Ngwoke et 
al., 2014), and is an important commercial 
crop in east African countries such as 
Ethiopia. It is cultivated in Indian house 
gardens as well (Khare, 2007). This plant 
can grow up to 1.5 m in height with orange-
coloured lips and pinkish-orange upper 
flowers that can develop into fleshly and 
indehiscent pods. The size of the pods are 
5-7 cm in length, are edible and contain 
numerous small, reddish brown seeds 
(Figure 1) with a pungent scent of ginger 
and cayenne pepper. The stem is short and 
covered with scars of fallen leaves. The 
leaves are about 30 cm long, 12 cm wide, 
and have close nerves underneath (Ilic et al., 
2010; Van Harten, 1970). 

A common condiment in West and North 
African cuisine, melegueta pepper or AM 
has been used as a spice for meats, sauces 
and soups. Traditionally, AM is mixed with 
other herbs for the treatment of common 
ailments such as body pains, diarrhoea, sore 
throat, catarrh, congestion and rheumatism 
in West Africa (Ajaiyeoba &  Ekundayo, 
1999). It is a perennial (seasonless) herbal 
plant that is often cultivated owing to its 
valuable pharmacological effects such as 
antimicrobial, hepato-protective, anti-cancer 
and anti-diabetic effects (Bravo, 1998; 
El-Halawany et al., 2014; Mohammed et 
al., 2017; Ngwoke et al., 2014). In lieu of 
mounting interest in the plant’s bioactive 
effects, this review summarises some of the 
major pharmacological activities of AM. 
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PHYTOCHEMICALS IN Aframomum 
melegueta

As with essentially all medicinal plants, the 
therapeutic effects of AM are generally due 
to the presence of secondary metabolites, 
known as phytochemicals (Alphonso & 
Saraf, 2012). Secondary metabolites are 
produced in response to stress factors and 
may not be involved in the normal growth 
and development of the plants. For example, 

hydroxylated coumarins are accumulated 
in carrots in response to fungal invasion 
(Darvill & Albersheim, 1984). Flavonoids 
are the most abundant compounds present 
in AM, which act as powerful antioxidants 
to alleviate medical conditions. Other 
compounds include phenols, saponins, 
tannins, ascorbic acid, niacin, riboflavin, 
thiamine, and minerals such as calcium, 
phosphorus, potassium, magnesium, 
sodium, iron, zinc, manganese and copper 
(Okwu, 2004, 2005). Table 1 shows the 
common phytochemicals present in AM 
and their common medicinal purposes. 
Active compounds that are identified in 
AM include gingerol, shogaol, paradol, 
rac-6-dihydroparadol and gingeredione, 
which demonstrate antimicrobial potential 
(Odetunde et al., 2015). Chemical structures 
of the active compounds are shown in Figure 
2. 

Figure 1. Seeds of Aframomum melegueta 

Table 1
Common phytochemicals in Aframomum melegueta (Okwu, 2004, 2005) and their potential medicinal 
properties 

Phytochemicals Potential medicinal properties

Flavonoids
Treat allergies (Castell et al., 2014), inflammation and intestinal troubles 
(Salaritabar et al., 2017) 
Counter free radicals, microbes (Cushnie & Lamb, 2005), ulcers (Mota et al., 
2009), viruses, hepatoxins (Davila et al., 1989)
Cause platelet aggregation (Faggio et al., 2017)
Exhibit anti-cancer properties (Batra & Sharma, 2013)

Phenolic compounds Promote wound healing (Song et al., 2017) and prevent infections (Machado 
et al., 2018)
Exhibit anti-clotting, anti-inflammatory and antioxidant effects (Olas et al., 
2008) 
Act as immune enhancer (Cuevas et al.,  2013) as well as hormone modulator 
(Venugopal & Liu, 2012)

Alkaloids Act as analgesic (Sutradhar et al., 2007), antispasmodic (Calixto et al., 1984) 
and bactericidal (Cushnie et al., 2014) agents 
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Medicinal Properties of Aframomum 
melegueta 

Antimicrobial Effect

One of the most significant pharmacological 
effects of AM is its antimicrobial activity. 
AM has been used to treat urinary tract as 
well as soft tissue infections, thus suggesting 
a strong antimicrobial potential of the 
plant (Ngwoke et al., 2014). Urinary tract 
infections (UTIs) are a serious public 
health problem affecting 150 million 
people worldwide (Stamm & Norrby, 
2001). UTIs are commonly caused by 
several pathogens such as Escherichia 
coli, Klebsiella pneumoniae, Enterococcus 
faecalis, Staphylococcus saprophyticus, 
Proteus mirabilis, and Staphylococcus 
aureus. Some patients face recurrent UTIs 
and hence require repeated prescriptions 
of antibiotics. This potentially increases 
the antimicrobial resistance of the uro-
pathogens, which in long term will greatly 

increase the economic burden for countering 
future infections (Flores-Mireles et al., 
2015). As multidrug-resistant pathogens 
are a serious threat to the society, the 
antimicrobial activity of AM has been 
investigated as an alternative to antibiotics. 
Results show that AM is effective against 
some clinically important bacterial and 
fungal isolates such as Staphylococcus 
aureus, Pseudomonas aeruginosa, Proteus 
sp., Salmonella sp., Bacillus sp., Escherichia 
coli, Klebsiella sp., Saccharomyces sp., 
Aspergillus and Candida (Odetunde et al., 
2015). 

Virtually every part of AM possesses 
different phytochemicals that exert 
antimicrobial activity, which can be extracted 
by a repertoire of solvents. For instance, 
ethanol can be used to extract various 
phytochemicals in the seeds and leaves of 
AM. The ethanolic leaf extract contains 
phytochemicals such as tannins, alkaloids, 
saponins, steroids, cardiacglycoside and 

Phytochemicals Potential medicinal properties

Tannins Hasten the healing of wounds and inhibit inflamed mucous membrane 
(Su et al., 2017)

Table 1 (Continue)

Figure 2. Chemical structures of (A) Gingerol, (B) Shogaol, (C) Paradol, (D) Rac-6-Dihydroparadol and 
(E) Gingeredione
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terpenoids that have remarkable therapeutic 
actions in the treatment of gastrointestinal 
infections, nausea, respiratory problems, 
colds, fever, allergies, urinary tract infections 
and fungal infections. In short, ethanolic 
extract of AM has a broad spectrum of 
antimicrobial activity. 

In a separate study, AM was found 
to inhibit the growth of Salmonella spp. 
and Shigella spp. (Doherty et al., 2010). 
In the acetone extract of AM’s rhizomes, 
the presence of labdane diterpenoids such 
as zerumin A (Figure 3A) and (E)-labda-
8(17),12-diene-15,16-dial (Figure 3B) can 
effectively kill Gram-positive bacteria 
such as Escherichia coli and Listeria 
monocytogenes. The labdane diterpenoids 

also inhibit the growth of MRSA, which is 
known to be resistant to most antibacterial 
agents. Furthermore, both zerumin A 
and (E)-labda-8(17),12-diene-15,16-dial 
exhibit greater antibacterial activity towards 
MRSA compared to the antibiotics such as 
ampicillin, gentamicin and vancomycin 
that are currently used clinically. Thus, 
they may represent potential antibacterial 
lead compounds (Ngwoke et al., 2014). 
Aqueous extraction of AM’s rhizomes for 
phytochemicals, however, is not as effective 
as acetone extraction. Hence, acetone is a 
more appropriate solvent to be used for the 
extraction of diterpenoids from the rhizome 
of the plant (Eloff, 1998). 

Figure 3. Chemical structures of (A) Zerumin A and (B) (E)-labda-8(17),12-diene-15,16-dial

Hepatoprotective Effect

The liver plays a vital role in metabolising 
toxic substances that enter the body, 
including alcohol, which is one of the major 
causes of liver diseases worldwide (Leggio 
& Lee, 2017). In the liver, alcohol is broken 
down into simpler end-products such as 
acetaldehyde to be easily eliminated from 

the body. Highly reactive molecules such 
as reactive oxygen species (ROS) generated 
during the metabolism of alcohol may 
contribute to the development of alcoholic 
liver diseases such as cirrhosis, simple 
steatosis and acute alcoholic hepatitis. 
The reactive molecules can destroy the 
vital cell components in the liver through 
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oxidation (Dunn & Shah, 2016; Fernández-
Checa et  al . ,  1997).  Consequently, 
oxidative stress accumulates in cells 
from the imbalance between oxidants and 
antioxidants. Excessive oxidants damage 
the mitochondria, thus diminishing energy 
production (Fernández-Checa et al., 1997). 
Therefore, excessive alcohol consumption 
affects the health of the liver as well as that 
of other organs (Nordmann et al., 1992). 
Alcohol toxicity causes acute liver disease, 
and prolonged frequent consumption may 
lead to chronic liver diseases (Cederbaum 
et al., 2009). 

On the other hand, chemical solvents 
such as carbon tetrachloride (CCl4) used in 
the lab causes liver toxicity upon excessive 
exposure. CCl4 can induce apoptosis of 
hepatocytes, and the oxidative stress and 
generation of free radicals may further 
harshen the CCl4-induced liver injury (El-
Halawany et al., 2014). Excessive alcohol 
consumption and inhalation of chemical 
solvents like CCl4 can lead to significant 
elevation of serum alanine aminotransferases 
(ALT), aspartate aminotransferases and 
triglyceride levels, as well as a decrease 
in glutathione (GSH) and superoxide 
dismutase (Nwozo & Oyinloye, 2011). 
Tumour necrosis factor alpha (TNF-α) 
and interleukin-1 beta (IL-1β) levels are 
increased if the liver is inflamed (El-
Halawany et al., 2014). 

The humble seeds of the melegueta 
pepper have been proven to reverse such 
toxic effects. Its hepatoprotective effect is 
evaluated based on the changes in ALT, GSH, 
thiobarbituric acid reactive substances, 

TNF-α, IL-1β levels and activities of some 
enzymes such as caspase 3 and 9 (El-
Halawany et al., 2014). Phytochemicals such 
as phenols and flavonoids that are present in 
the aqueous seed extract of AM were shown 
to have hepatoprotective effects (Nwozo 
& Oyinloye, 2011). These phytochemicals 
possess antioxidant properties which 
neutralise liver-damaging free radicals and 
reactive oxygen species (Choi et al., 2006). 
Methanolic and chloroform seed extracts of 
AM also exhibit similar effects. Compounds 
present in the extract include 3-(S)-acetyl-
1-(4′-hydroxy-3′, 5′-dimethoxyphenyl)-
7-(3″,4″,5″-trihydroxyphenyl) heptane 
and dihydrogingerenone (Figure 4) that 
can supress TNF-α and IL-1β levels in 
the body. These compounds impede the 
reduction of GSH by trapping free radicals 
arising from liver hepatocytes. In addition, 
these compounds also lower the levels of 
ALT, TNF-α, IL-1β as well as caspases 3 
and 9. Apoptosis of hepatocytes induced 
by CCl4 is also inhibited (El-Halawany et 
al., 2014). In short, the hepatoprotective 
effect of AM is due to its ability to suppress 
inflammatory responses and apoptosis, as 
well as the ability to forage free radicals.

Although significant in effect, the 
number of bioactive compounds found to 
contribute to the hepatoprotective effect in 
AM are quite limited in current literature. 
Hence, concerted efforts to extract and 
screen compounds from the plant for their 
biological activities and their effects should 
be expanded and its active metabolites tested 
in vivo. Different solvents might be used for 
extraction of different active compounds.  
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Anti-cancer Effect

The legendary cancer-battling antioxidants, 
flavonoids, have been found in relative 
abundance in AM (Doherty et al., 2010). 
Flavonoids are commonly reported to possess 
anti-carcinogenic and anti-mutagenic 
effects (Aranganathan & Nalini, 2013) in 
which they interfere with the development 
of malignant tumours by inhibiting the 
expression of mutant genes, inactivating 
carcinogens and enzymes that are involved 
in the activation of pro-carcinogens, as well 
as activating enzymatic systems that are 
involved in the detoxification of xenobiotics 
(Bravo, 1998). Flavonoids also inhibit 
the initiation, promotion and progression 
of tumours (Okwu, 2005; Urquiaga & 
Leighton, 2000). Quercetin, a flavonoid 
which can decelerate the development of 
tumours (Clifford et al., 1996), was also 
found to be present in the AM extract 
(Adefegha & Oboh, 2012). Although past 
studies have suggested that flavonoids 

Figure 4. Chemical structures of 
(A) 3-(S)-acetyl-1-(4’-hydroxy-3’,5’-
dimethoxyphenyl)-7-(3”,4”,5”-trihydroxyphenyl) 
heptane and (B) Dihydrogingerenone

isolated from various plants are effective 
against cancer cells, there is limited work on 
flavonoids isolated from AM. In a previous 
study, evidence showed that AM extracts 
were effective against pancreatic cancer 
(Dibwe et al., 2012). 

Other supporting evidence includes 
a study by Kuete et al. (2011) who 
showed that the AM extract exerted 
significant inhibitory activities on human 
pancreatic cancer and leukaemia cell lines. 
Phytochemical investigations revealed the 
presence of (-)-buplerol, (-)-arctigenin, (E)-
14-hydroxy-15-norlabda-8(17), 12-dien-
16-al, labda-8(17),12-dien-15,16-dial, 
16-oxo-8(17),12(E)-labdadien-15-oic acid, 
5-hydroxy-7-methoxyflavone and apigenin 
in the extract. Among the list, (-)-arctigenin 
and (-)-buplerol showed the capacity to 
trigger apoptosis in pancreatic cancer cells 
(Dibwe et al., 2015).   

The anti-cancer ability of AM may not 
be attributed to flavonoids alone. Paradols, 
common plant phenolic compounds, are 
also found to exert anti-cancer effects 
by inducing apoptosis in human pro-
myelocytic leukaemia (HL-60) cells. The 
effect is due to the presence of a vanillyl 
moiety and ketone functional group in the 
compound. Additionally, paradols can also 
suppress tumour promotion of the skin in 
vitro (Chung et al., 2001).   

Discovery of bioactive compounds 
that have anti-cancer potential from AM is 
very limited. Hence, the identification of 
novel anti-cancer compounds from AM and 
investigation on their mechanisms of action 
may be an area for further exploration. 
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Furthermore, utilisation of different solvents 
or extraction methods might be useful in 
isolating novel compounds from the plant.     

Anti-diabetic Effect

In addition to its repertoire of therapeutic 
effects, AM may also prove its worth in 
combating metabolic disorders such as 
Type 2 diabetes. In this condition, the body 
resists the physiological effect of insulin. 
Therefore, too much insulin will remain 
in the blood for extended periods of time, 
causing the pancreas unable to secrete 
more insulin to control the glucose level in 
the blood. As a consequence, postprandial 
hyperglycaemia ensues (Gastaldelli, 2011). 

A myriad of compounds found in AM 
such as 6-paradol, 6-shagaol, 6-gingerol, 
oleanolic acid and acarbose exert an anti-
diabetic effect by inhibiting enzymes such 
as α-amylase and α-glucosidase. These 
enzymes are responsible for digestion 
and break down of the carbohydrates and 
polysaccharides from food into simple 
sugars to increase blood glucose levels. 
Among the compounds, 6-gingerol and 
oleanolic acid are more effective in 
inhibiting the enzymes (Mohammed et al., 
2017). Based on the current evidence, AM 
is suitable for consumption by diabetic 
patients. 

Anti-inflammatory Effect

Fascinatingly, AM extract has been known to 
reduce fat and even relieve painful arthritis 
when it is used as a massage oil (Odetunde 
et al., 2015). Meanwhile, the ethanolic 
seed extract contains phytochemicals 

such as tannins, saponins, flavonoids, 
steroids, terpernoids, cardiac glycosides 
and alkaloids that possess antimicrobial 
and anti-inflammatory effects (Doherty et 
al., 2010; Okwu, 2004). Okoli et al. (2007) 
provided evidence that the methanolic AM 
extract and its fraction contained alkaloids, 
glycosides, tannins, flavonoids, sterols and 
resins, with alkaloids and tannins as the 
major compounds. Both the extract and 
fraction showed potential systemic anti-
inflammatory activity, as they inhibited rat 
paw oedema induced by egg albumin. 

To support this claim, Ilic et al. (2014) 
reported that the ethanolic AM extract 
inhibited cyclooxygenase-2 (COX-2). 
Compounds that inhibit COX-2 activity 
are capable of reducing inflammatory 
responses (Seibert & Masferrer, 1994). The 
most active COX-2 inhibitory compound 
in the AM extract was [6]-paradol, while 
[6]-shogaol was found to inhibit expression 
of a pro-inflammatory gene, interleukin-1 
beta (IL-1β). Results from the paw oedema 
model showed that the AM crude extract 
and its active compounds [6]-paradol, 
[6]-gingerol and [6]-shogaol significantly 
reduced inflammation in rats.  

In another study utilising the aqueous 
seed extract of AM, sub-chronic inflammation 
was induced by 2% formaldehyde or 6% 
nystatin, while chronic inflammation was 
induced by carrageenan in rats. The results 
revealed that AM extract significantly 
reduced oedema induced by formaldehye 
and nystatin. Furthermore, it reduced the 
exudate induced by carrageenan (Umukoro 
& Ashorobi, 2005). El-Halawany et al. 
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(2014) suggested that the anti-inflammatory 
potential of AM might be due to its ability 
to downregulate cytokines such as TNF-α 
and IL-1β.

The present studies utilised ethanol, 
methanol and water for the extraction of 
compounds from AM. The role of hexane, 
ethyl acetate, and other alternative solvents 
is worth exploring as it may yield yet-to-
be discovered active compounds from the 
plant. 

Haematopoietic Effect

Another lesser-known finding is the 
i n f l u e n c e  o f  A M  o n  b l o o d  c e l l 
p roduc t ion .  When  the  methanol ic 
seed extract of AM was administered 
to 2,4-dinitrophenylhydrazine-induced 
anaemic rats, the treatment showed an 
increase in haemoglobin levels and platelet 
count, indicating its erythropoietic potential 
in treating anaemia (Omoboyowa et al., 
2017). Paradoxically, higher doses of the 
extract have previously been observed to 
be haematotoxic (Akpanabiatu et al., 2013), 
and thus the administered dose should be 
selected with caution. 

CONCLUSION

Based on available evidence, AM consists 
of several phytochemicals that exert 
beneficial pharmacological activities. 
For instance, the presence of flavonoids, 
tannins, alkaloids, saponins, steroids, 
cardiac glycosides, terpenoids, labdane 
diterpenoids such as zerumin A and (E)-

labda-8(17),12-diene-15,16-dial exhibit 
significant antimicrobial effects, with 
some even more effective than antibiotics. 
Moreover, compounds such as 3-(S)-acetyl-
1-(4′-hydroxy-3′,5′-dimethoxyphenyl)-
7-(3″,4″,5″-trihydroxyphenyl) heptane 
and dihydrogingerenone demonstrate 
hepatoprotective effects. Furthermore, AM 
phytochemicals such as flavonoids, paradols 
and phenolic compounds exert anti-cancer 
effects on oral squamous carcinoma and pro-
myelocytic leukaemia. Finally, compounds 
such as 6-paradol, 6-shagaol, 6-gingerol, 
oleanolic acid and acarbose exhibit anti-
diabetic effects by inhibiting the enzymes 
that metabolise carbohydrates into glucose. 
In summary, AM harbours an increasing 
inventory of health benefits and may serve 
as a source of potential alternative medicines 
for various disease states.   

Despite its vast potential, current 
literature on the pharmacological effects 
of AM is very limited. Therefore, detailed 
studies on the various anatomical parts of 
AM could be systemically performed, and 
specific ranges of solvents or extraction 
methods could be used to maximise 
the mining of bioactive compounds 
from the plant. In addition, its effects 
on other biological activities such as 
immunomodulation could be explored, as 
AM is rich in phenolic compounds that 
may potentially contribute to such effect. 
More importantly, toxicological studies 
should be implemented prior to enlisting 
AM as a possible source of therapeutic 
drugs.
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ABSTRACT

The issue related to suitable wheat age after harvesting for producing flour is raised regularly 
during a harvest season. Therefore, determining the suitable wheat storage for different 
wheat strength and with high extraction rate (80%) is necessary to produce a good quality 
flour. Four varieties of bread wheat (Adina, Aibaa99, Sham6, and Rasheed) were tested. 
Gluten amount, gluten index, amylase activity, dough rheological properties (farinograph 
parameters), and flour size were detected. Results showed that gluten index was stable for 
Adina variety (the strongest variety), but it was reduced significantly during week 11th and 
15th for Sham6 and Aibaa99 (weak wheat varieties) respectively. The α-amylase activity of 
all varieties was reduced during storage periods. Dough stability increased during storage 
period for all four varieties. However, the increment was higher in Adina compared to 
others (lower strength wheat). Mixing tolerance index (MTI) of Adina was changed slightly 
during the storage period while for other varieties MTI increased sufficiently. In conclusion, 
wheat varieties behaved differently depending on wheat strength, and there was no specific 
time that all that dough properties improved during the study period.

Keywords: Dough quality, rheological properties, wheat storage

INTRODUCTION

Cereal is an important crop all over the 
world because of its nutritional value and 
low price. Cereals provide high starch 
content, energy source, dietary fiber, protein, 
lipid that rich in essential fatty acids, and 
micronutrients (Dewettinck et al., 2008). 
Wheat is considered one of the most 
important crops in the world (Shewry et al., 
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2002). The quality of wheat flour for bread 
making is generally determined by content 
and type of its protein, starch conditioned 
(damage) and enzymes. These factors 
are controlled by wheat variety, time and 
conditions of wheat harvest, and milling 
technology (Hrušková & Machová, 2002) 
in addition to wheat and flours ages (Mense 
& Faubion, 2017). After wheat harvest and 
before milling, wheat moisture changes 
occur, which is considered the main factor 
affecting flour quality in term of wheat age 
(Posner & Deyoe, 1986). 

Flour quality can be determined 
by analyzing chemical and rheological 
properties of its dough. Quality and quantity 
of gluten (wheat protein) are one of the most 
important properties of flour in producing 
bread because of dough extension (gas 
retention) that can be determined by the 
amount and type of gluten (Hadnađev et 
al., 2011). Gluten index is considered a 
quicker method to determine wheat quality 
(weak, normal, or strong) compared with 
other methods such as fariongraph or 
mixing graph (Oikonomou et al., 2015). 
Another important device to determine 
dough physical properties is farinograph 
that can determine water absorption, mixing 
tolerance index, stability, and development 
time. These properties are useful in term 
of optimizing baking quality (Yazar et 
al., 2016). Starch gelatinization can be 
determined indirectly by measuring falling 
number. Falling number (FN) indicates 
total α-amylase in the grain. The higher 
FN, the less α-amylase activity. High level 
of α-amylase reduces baking quality, which 

can be indicated by FN less than 250s (Ral 
et al., 2016). 

The issue related to the suitable wheat 
age for flour production is raised regularly 
worldwide during harvested seasons. In 
Iraq, Grain Board of Iraq (GBI) imports raw 
wheat (usually stored for several months) 
continuously that is mixed with the demotic 
wheat, sometimes the imported wheat is 
not available because of some political 
or technical issues. In this situation, GBI 
entirely depends on the cultivated wheat in 
Iraq, especially during the harvest season 
(May to August). Therefore, the aim of the 
study is to determine the suitable wheat ages 
of different Iraqi wheat varieties (strong and 
weak wheat) to produce high quality flour 
with high extraction rate (80%), which is 
used in Iraq.

MATERIALS AND METHODS

Four varieties of Iraqi wheat named Adina, 
Aibaa99, Sham6, and Rasheed (commonly 
varieties in Iraq) were harvested from farms 
of Kirkuk (north Iraq) on 20th and 21st of 
June 2017 and stored at ambient temperature 
until 26th of November (about five months). 
The varieties identity confirmed by the 
Ministry of Agriculture members that they 
had provided seeds to the farmers. Flour 
was produced and analyzed for the first 
week, third, fifth, seventh, 11th, 15th, 19th, and 
23rd week of storage. Flour was produced 
after wheat was cleaned from impurities, 
moisturized to 16% moisture for 20-24 
h, and milled by using Quadermet miller 
(Brabender® OHG, Brabender GmbH Co. 
KG, Duisburg, Germany) to 80% extraction 
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rate (rate used in Iraq mills). The produced 
flour was analyzed within two days from its 
production to avoid flour age interferences 
for ash (AACC Method 08-01), moisture 
(AACC Method 44-10), wet gluten and 
gluten index (AACC Method 38-12), 
farinograph (AACC Method 54-21), particle 
size by using Buhler Laboratory Siftermin 
300 (Bühler Group Company, Uzwil, 
Switzerland) for five minutes, protein 
(AACC Method 39-01), and falling number 
(56-81B) (American Association of Cereal 
Chemists [AACC], 2000). Farinograph 
analysis of week five was not detected 
because of some technical issues, and the 
analyzed had not been detected a week after 
because of flour storage issue that would 
interfere with the result. 

Statistical Analysis 

One-way analysis of variance (ANOVA) 
was performed for statistical analysis of 
data. Least Significant Difference (LSD) 
of means was implemented by using SAS 
version 9.0 (Cary, NC, USA). Significant 
differences were considered at α = 0.05 
level. All treatments were conducted in 
duplicate.

RESULTS AND DISCUSSION 

In this study, the effect of wheat storage 
on the produced flour of the four wheat 
varieties cultivated in Iraqi was examined 
in terms of chemical and quality properties 
of dough. There were differences in wheat 
varieties used in this study in term of protein 
content, gluten quality and quantity, and 
rheological properties (farinograph) of 

dough produced from the wheat varieties. 
Using different wheat varieties (different 
quality) were important to know how each 
variety changed during the storage time. 
Table 1 indicates protein, ash, and moisture 
content of whole flour (100% wheat flour) 
and produced flour (first week) of the four 
varieties of wheat. For whole wheat flour, 
Aibaa99 variety had the highest protein 
content (12.1% at 14% mb), while Sham6 
varieties had the lowest amount of protein 
(9.9% at 14% mb). The quantity and quality 
of gluten of the first week were shown 
in Table 2. While Aibaa 99 still had the 
highest amount of gluten (31.6%) for the 
first week compared with all other types, 
the quality of gluten determined by gluten 
index (76.5%) refers to the lowest quality 
compared with the other varieties for the 
first week. Increasing gluten index refers 
to the gluten strength (Hadnađev et al., 
2011). All four tested wheat varieties had 
low amylase activity for the first week, and 
the highest activity was noticed in Sham6 
varieties, which had falling number 399s 
(Table 2). The best falling number range 
occurs between 250-300s (Ral et al., 2016). 

Table 2 indicates wet gluten (%), gluten 
index (%), and falling number (s) of flour 
produced from the four varieties of wheat 
for the first week to the 23rd-week ages. 
Increasing gluten amount and high gluten 
index (Meerts et al., 2017) are a good 
indication of high-quality dough. While 
the variables fluctuated during the storage 
period, it is necessary to highlight some 
significant differences during the storage 
to explain the results in a useful way. Wet 
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gluten of Adina was reduced during the 
storage period. It was reduced significantly 
from 27% for the first week to 23.7% for 
week 23rd and this result agreed with the 
Posner and Deyoe (1986) study that wet 
gluten was reduced from 27.4 to 24.8%. In 
their study, they moisturized wheat to 16% 
before milling and used freshly harvested 
hard red winter. Wet gluten percentage for 
Aibaa99 was reduced significantly during 
week 11th and 15th compared to week 19th 
and 23rd, while there were no significant 
differences of wet gluten content for Sham6 
and Rasheed varieties during the storage 
period. Gluten index percentage of Adina 
was almost stable during storage period 
except during week 19th was reduced 
significantly (Table 2). Gluten index of 
Aibaa99 variety (the lowest gluten index 
in the first week) had been improved from 
76.5% to the highest value (98.4%) during 

week 19th, which indicated that storage time 
had a positive effect on gluten index of a 
weak wheat variety. For Sham6 variety, 
gluten index reduced significantly only 
during week 11th to 71.5% compared to 93% 
of the first week. Gluten index of Rasheed 
variety was reduced during 5th to 11th week 
storage, however, the reduction was not 
significant. The fluctuation in gluten index 
for all varieties during the storage period 
probably refers to some protein chemical 
bonds changes during storage. Further study 
is required to determine what protein bonds 
are formed or broken to cause these changes 
and to determine what the reason behind the 
fluctuated results was. Variation of protein 
and gluten of the produced flour during 
storage time is probably because of using 
the high extraction rate flour (80%) that have 
some bran, which led to producing different 
particle size during the storage period 

Characteristic
                                 Wheat Types

Adina Aibaa99 Sham6 Rasheed

Whole wheat Flour*

    Protein (14%mb)** 11.1 ± 0.1 12.1 ± 0.1 9.9 ± 0.1 11.3 ± 0.0

    Ash (14%mb) 1.41 ± 0.01 1.57 ± 0.01 1.43 ± 0.01 1.69 ± 0.00

    Moisture% 7.6 ± 0.6 7.6 ± 0.4 7.4 ± 0.4 7.6 ± 0.3

Produced Flour***

    Protein (14%mb) 10.6 ± 0.3 11.5 ± 0.4 9.4 ± 0.6 11.0 ± 0.4

    Ash (14%mb)  0.81 ± 0.01 0.89 ± 0.03 0.82 ± 0.02 0.93 ± 0.02

    Moisture% 14.6 ± 0.3 14.7 ± 0.3 14.4 ± 0.5 14.7 ±0.1
*Whole flour is produced from milling whole wheat (100%) without removing the bran
**mb (Moisture basis)
***Produced flour is flour with 80% extraction rate

Table 1 
Whole wheat flour and produced flour characteristics (1st week) of the four wheat varieties
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(Figure 1). Noort et al. (2010) mentioned 
that adding bran to a bread flour had a 
negative effect on the bread quality because 
of fiber-gluten interaction. In addition to 
increasing extraction rate of flour which 
lead to increase bran and germ, leading to 
increase in protein, fat, minerals, vitamin B, 
and fiber. However, baking quality decreases 
(Mense & Faubion, 2017).  

Falling number values of flour produced 
from wheat stored for different times 
generally increased during storage (reduce 

amylase activity). For Adina, Aibaa99, 
and Rasheed, the highest falling number 
was at 11th week, while for Sham 6 variety 
was increased maximally during week 
19th, however, there were no significant 
differences between week 19th and weeks 
5th, 15th, and 23rd. Increasing falling number 
refers to reduced α-amylase activity. The 
best falling number for bread flour occurs 
between 250-300s (Polat & Yagdi, 2017). 
Mense and Faubion (2017) reported that 
falling number of a wheat variety increased 
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Figure 1. Particles sizes of produced flour of the four varieties during storage time. The mentioned particles 
were above the sieves except for <129, which was under the sieve
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to 439s after 13 weeks storage time 
compared to 418s at the first week, while 
the other tested variety in the same study 
was almost stable during the same storage 
period. However, the increment was higher 
in our study compared with the Mense 
and Faubion (2017) study. The α-Amylase 
activity of the tested varieties at the first 
week was less than the optimum range. 
During storage, α-amylase was further 
reduced, therefore α‐amylase was affected 
negatively by increasing storage time.  

Table 3 demonstrates farinograph data 
of flour produced from the four wheat 
varieties during 23 weeks of storage period. 
Increasing stability, development time, 
water absorption, and reducing MTI are a 
good indication of high-quality dough for 
bread production (Wahyono et al., 2016). 
Water absorption of flour produced from 
Adina, Aibaa99, and Sham6 varieties were 
changed during the storage period, but 
mostly they were little higher than the first 
week. For Rasheed variety, water absorption 
was almost stable during the first eleven 
weeks, but it was reduced during week 
15th and increased again during last week. 
Water absorption value is considered the 
most important value of the farinograph 
parameters, and it directly refers to finished 
bakery products volume (Hadnađev et al. 
2011; Okuda et al., 2016). Diósi et al. (2015) 
mentioned a classification of flour depending 
on the fariongraph parameters, which were 
the A quality group should have a minimum 
60.0% water absorption, and the B quality 
group should have a minimum 55.0% water 
absorption with a minimum 10.0 min and 

6.0 min stability respectively. Vetrimani et 
al. (2005) reported that there was a positive 
correlation between the extraction rate and 
water absorption for vermicelli dough. 
Water absorption of all varieties increased 
little during storage time and that refered to 
little enhancing of dough quality in this term 
(Ahmed et al., 2017). Development time of 
four varieties either reduced or was stable 
during the storage period. Development 
time of Adina variety was stable during 
storage period except during week 7th and 
11th reduced to 5.3 and 5min compared to 
6min. In Aibaa99 variety, development time 
was different during the storage period, the 
minimum was in week 7th (3.3min) and the 
maximum was in the week 19th and 23rd 
(4min). Development time of Sham6 variety 
was reduced maximum during week 11th 
and increased again after that. In Rasheed 
variety, development time was reduced 
during and after week 15th. Reducing 
development time during storage period 
refers to decline dough properties. Dough 
stability of produced flour was generally 
increased during wheat storage. The highest 
increment of stability was in Adina, stability 
was increased from 6.8min during the first 
week to the maximum stability in the last 
week (10min) (Table 3). For Aibaa99 and 
Rasheed varieties, stability increased from 
3.2min and 4 min in the first week to the 
highest stability (5.5 min and 6 min) in the 
week 11th respectively. Dough stability of 
Sham6 variety was increased during storage 
period to maximum (5min) at the last week 
compared to the minimum at the first week 
(3min) (Table 3). Mixing tolerance index 
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Table 3
Farinograph characteristics of the four varieties during storage period

Time 
after 
Harvest 
(W)

Water Absorption %

Adina        Aibaa99      Sham6     Rasheed

Development Time (min) 

Adina       Aibaa99    Sham6      Rasheed

1 58.5 58.2 57.7 58.3 6.0 3.8 4.2 4.0

3 60.4 59.6 59.2 58.7 6.0 3.6 3.2 4.0

7 58.2 58.6 58.4 58.4 5.3 3.3 3.5 4.0

11 59.3 59.1 59.4 58.9 5.0 3.5 3.0 4.0

15 59.2 58.3 57.9 56.2 6.0 3.5 3.5 3.5

19 59.3 59.2 57.6 58.7 6.0 4.0 3.5 3.5

23 59.4 60.1 58.3 59.8 6.0 4.0 3.5 3.5

Time after 
Harvest 
(W)

Stability (min)

Adina       Aibaa99     Sham6    Rasheed

MTI (BU)

Adina      Aibaa99     Sham6     Rasheed

1 6.8 3.2 3.0 4.0  40 40 61 63

3 8.2 4.1 3.0 4.2  34 67 88 61

7 9.0 4.2 3.5 4.5  33 56 78 44

11 9.0 5.5 4.0 6.0  44 44 89 44

15 8.5 5.0 4.5 4.5  44 77 67 67

19 7.0 5.0 4.0 5.0  45 89 89 89

23 10 5.0 5.0 5.0  33 56 56 55
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(MTI) of flour produced from Adina variety 
was reduced to minimum Brabender Unit 
(BU) during week 7th and week 23rd. For 
Aibaa99 variety, the highest MTI was 89 
BU during week 19th compared to 40 BU in 
the first week. Storage time had no reducing 
effect on MTI of the flour produced from 
Aibaa99 variety. For Sham6 variety, MTI 
increased to the highest value during 11th 
and 19th weeks, while reduced to lowest 
value during 23rd week. For Rasheed variety, 
MTI reduced during storage period except 
during week 15th and 19th. Adina variety 
was faster (7 weeks) than other varieties in 
term of increasing dough stability and little 
alterations of MTI. Hadnađev et al. (2011) 
mentioned that high stability and lower MTI 
refered to more dough tolerance to mixing. 
Stability of all other varieties was increased, 
but the increase was less than in Adina 
variety, which was the strongest one. This 
result probably indicates that storage period 
effect positively on the strong wheat more 
than on the weak wheat. Although, Adina is 
considered the strongest variety compared 
to the tested varieties depending on gluten 
index value (99%), water absorption 
(58.5%), stability (6.8 min), and MTI (40 
BU) of the first week (Tables 2 and 3), it is 
a B quality group depending on the Diósi et 
al (2015) classification that was mentioned 
above. Adina variety was the only variety 
that reached 10 min stability after 23rd-week 
storage (Table 3). The other varieties had 
not met the B quality properties after 23rd 
storage period except for Rasheed variety 
during week 11th (Table 3). Wheat cultivated 
in Iraq depending on the varieties tested in 

this study needs quality improvement to 
meet quality A group or at least quality B.

Figure 1 shows particle sizes of produced 
flour of the four varieties, and it indicates 
that the particle sizes were different in 
different storage time of each variety. The 
main change in particle size during storage 
time was reducing of particle size between 
129 and 183 µm. Water absorption has a 
correlation with extraction rate. Particle 
size of flour influences the rheological 
properties of dough. Bressiani et al. (2017) 
mentioned that particle size influenced the 
functionality of the gluten network and 
consequently the bread volume. Reduced 
particle size of flour leads to increase starch 
damage (break starch to small particle sizes) 
and increase surface area that causes more 
dough absorption and consequently more 
dough stickiness (Gaines, 1985). Further, 
increasing extraction rate of flour to 80% 
probably implies some bran layers in the 
producing flour (Mense & Faubion, 2017). 
The effect of adding different particle sizes 
of bran to flour was reported in literature 
contradictory (Noort et al., 2010).  Bressiani 
et al. (2017) mentioned that reducing particle 
size of bran enhanced bread volume. While 
Noort et al. (2010) stated that reducing 
particle size of bran had negative effect on 
baking. However, in our study, the alteration 
of particles size occurred naturally during 
storage period although the producing 
method was same in all period intervals. 
This probably indicates that wheat storage 
has an effect on the milling process that 
leads to form different particle size of the 
producing flour.
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CONCLUSION

The results emphasize that the tested wheat 
varieties were not strong enough either at 
the first week or after 23rd week storage. 
Iraqi wheat varieties need to be improved 
to meet A quality group of farinograph 
parameters. A wheat variety is considered 
an important factor in determining the 
suitable wheat age to produce flour. The 
stronger wheat variety, the faster changes 
occurred. Probably because all the tested 
wheat varieties were not strong enough, 
therefore, no clear improvement occurred. 
There was no specific storage period that all 
the dough enhanced at the same time. Some 
properties were improved, declined, or had 
no clear effect. 
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ABSTRACT

The Elateriospermum tapos seed extract is one of the major contributors to the therapeutic 
effects as remedy drink for chronic diseases, such as hypertension, diabetes and obesity by 
the locals in East Malaysia. It is believed that the component in the seed, such as protein, 
plays an essential role due to its nutraceutical properties. Hence, we report the extraction of 
protein from the seed of E. tapos that has the potential biological activities. The protein was 
initially extracted using salt solution, which was similar to the local practice and maximal 
values of extraction yield (44 mg/g) was performed based on the extraction parameters; pH 
8, sample to buffer ratio, 1:50 (w/v), 2 h at 80 oC. Sodium dedocyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) profile showed that 7S globulin was the dominant protein 
in the E. tapos seed protein isolate (ETSPI), whereas Fourier Transform Infrared (FTIR) 
analysis showed that the extracted protein consisted of α-helical secondary structure. This 
protein could be digested up to 72.5% in vitro. In the biological activity evaluation, the 
results showed that ETSPI exhibited angiotensin converting enzyme (ACE) inhibitory 
(56.6%/100 µg), lipase inhibitory (26.7%/100 µg), α-amylase inhibitory (31.2%/100 µg), 
free radical scavenging (33.4%/mg) and metal reducing activities (0.97 mM FeSO4/mg), 
which suggests that this protein has the potential in the aforementioned therapeutic effects. 
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INTRODUCTION

Elateriospermun tapos (E. tapos), locally 
known as kelampai or buah perah, is an 
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indigenous palatable seed commonly found 
in Borneo, Peninsular Malaysia, Thailand 
as well in the Sumatra tropical rainforest 
(Van Sam & Van Welzen, 2004). This 
monoecious canopy species originated 
from the family of Euphorbiaceace and 
subfamily of Crotonoideae.  It was reported 
that the fresh latex from E. tapos can be 
utilized traditionally as a wound healing 
agent (Corner, 1988). Apart from that, E. 
tapos was reported to be a good source 
of edible oil due to the extensive high 
amount of α-linolenic acid content (Yong 
& Salimon, 2006). In addition, the seed 
flour of the E. tapos was found to exhibit 
a good emulsifying property, which could 
be potentially used as a food formulation 
agent (Choonhahirun, 2010). The seeds 
were also popular among the locals as they 
believed that aqueous extract (as a traditional 
medicine drink) from E. tapos seeds have 
the ability in treating chronic diseases, 
such as hypertension. Even though there 
are many researches on the phytochemical 
compositions and nutritional value of E. 
tapos, however, the protein in the seed, 
which could also be present in the drink 
as aforementioned and play a major role 
in the therapeutic properties, has not been 
investigated. Storage proteins (e.g. globulin, 
glutemin, prolamin), α-amylase inhibitor, 
lectins and Bowman-Birk-inhibitors were 
some examples of the documented legumes 
derived bioactive protein, which had the 
potential in lowering the blood glucose 
and blood pressure. The importance of the 
pharmacological properties that implied 
on plant protein had lead the researchers 

in further investigating its roles, notably 
isolated from seed in reducing the risk of 
certain diseases. For instance, the protein 
isolated from Canary seed (Valverde et 
al., 2017) and Amaranth seed (Fritz et al., 
2011) were reported to have the ability 
in reducing hypertension. Besides, many 
researches on seed protein had proclaimed 
that seed protein could be an antioxidant 
agent, such as canary seed protein (Valverde 
et al., 2017), canola seed protein (Cumby 
et al., 2008)  and watermelon seed protein 
(Dash & Ghosh, 2017). Hence, the scope of 
our research was to be mainly focusing on 
finding the best extraction parameter of the 
protein as well as evaluating the biological 
activities (i.e. antidiabetic, antihypertensive, 
antiobesity and antioxidant activities) of the 
isolated protein from the local medicinal 
drink. 

MATERIALS AND METHODS

Chemicals 

All the enzymes (i.e. α-amylase (A3176), 
lipase (L3126) and angiotensin converting 
enzyme, (A6778)) used in the experiment 
were purchased from Sigma-Aldrich 
Company, Malaysia. The chemicals and 
reagents were used in the experiment were 
of analytical grade and purchased from 
Sigma-Aldrich, Malaysia, unless stated 
otherwise in the method. 

Materials

Elateriospermun tapos fruits were purchased 
from Market Satok, located in Kuching, 
Sarawak. The seed of the fruit was separated 
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and washed with deionized water before 
lyophilised using Labconco Freeze dryer 
(Fisher Scientific, USA). Subsequently, 
blender was used to grind the dried seed 
into powders, and they were then sieved (30 
mesh). The seed powders were defatted by 
using n-hexane before being proceeded with 
the extraction process.  

Extraction of E. tapos Seed Protein 
Isolate (ETSPI)

Extraction of ETSPI was conducted 
according to method by Adebowale et 
al. (2007) with slightly modified and the 
ETSPIs were extracted in three independent 
batches as replicates. Generally, the defatted 
seed powder (1 g) was suspended in 0.2 
M sodium phosphate buffer (Bendosen 
Laboratory Chemicals, Malaysia) at 
different pH (i.e. 6-8) and different sample 
to buffer ratio (i.e. 1:10 – 1:50, w/v). 
Subsequently, the solution was incubated 
at the designated temperature (i.e. 40-
80oC) and time (i.e. 0.5-2.5 h) at a constant 
orbital shaking speed of 250 rpm. The 
resulting slurry from the extraction was then 
centrifuged for 30 min at constant speed of 
4500 rpm and the supernatant was collected 
and being determined the protein content by 
using the Bradford assay (Bradford, 1976). 
The extraction yield was determined based 
on the Bradford analysis, and expressed in 
mg protein per gram of sample. 

Experimental Design

The single factor experiment was conducted 
in determining the best condition for 
extracting the free protein. A total of four 

parameters, namely, pH, temperature, 
sample to buffer ratio and extraction time 
were investigated on which one of the 
parameter was changed while the other 
parameters were kept constant. 

For the effect of pH, pH ranging from 
6 to 8 with interval of 0.5 was studied, 
whereas the temperature, time and sample 
to buffer ratio were kept constant at 60 oC, 
1.5 h and (1:30 , w/v), respectively.

For the effect of time, extraction period 
ranging from 0.5 to 2.5 h with interval of 
0.5 was studied, whereas the temperature, 
pH and sample to buffer ratio were kept 
constant at 60 oC, pH 7 and (1:30, w/v), 
respectively.

For  the  e ffec t  o f  t empera ture , 
temperature ranging from 40 to 80 oC with 
interval of 10 oC was studied, whereas the 
pH, time and sample to buffer ratio were 
kept constant at pH 7, 1.5 h and (1:30, w/v), 
respectively.

For the effect of sample to buffer 
ratio, the ratio at 1:10, 1:20, 1:30, 1:40 
and 1:50 (w/v) were studied, whereas the 
temperature, time and pH were kept constant 
at 60 oC, 1.5 h and pH 7, respectively.

Characterization of ETSPI

The ETSPI was prepared according to 
aforementioned extraction procedure at 
the best condition and the protein was 
precipitated by using 0.1 M HCl through the 
adjustment of pH to the 4.5. The precipitated 
was then centrifuged at speed of 4500 rpm 
for 30 min, lyophilized and stored at 4oC 
prior to analysis. 
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Sodium Dodecyl Sulphate 
Polyacrylamide Gel Electrophoresis 
(SDS-PAGE)

The ETSPI was identified by performing 
SDS-PAGE analysis under reducing 
conditions with used of 12% resolving 
gel and 4% stacking gel based on method 
of Laemmli (1970). All the SDS-PAGE 
reagents were purchased from Bio-Rad 
(U.S.A). Precision plus protein standard 
marker (10-250 kD) was used as the standard 
marker for this SDS-PAGE analysis. 

Fourier Transform Infrared (FTIR) 
Spectroscopy 

ETSPI lyophilized powder was desiccated 
prior to FTIR analysis. The FTIR spectra 
of samples were recorded from 500  to 
4000 cm−1 using Nicolet Avatar 360 FT-
IR E.S.P spectrometer with attenuated 
total reflectance (ATR) system (Agilent 
Technologies ,  Santa  Clara ,  USA). 
Background scan was conducted prior to the 
sample scan. Isopropanol was used to clean 
the sample cell before loading a new sample. 
The resolution was 4 cm−1, and iterations 
were performed 32 times. The scan speed 
was set at 5 kHz and sensitivity of 1. The 
spectra were analyzed using Resolution Pro 
version 5.2.0 software.  

In vitro Digestibility of ETSPI

In vitro digestibility of ETSPI was determined 
according to method as described by  Hsu et 
al. (1977). In general, ETSPI solution (6.25 
mg/ml) was prepared and the pH of sample 
was adjusted to 8 using NaOH.  The multi-
enzyme mixture (i.e. trypsin, chymotrypsin 

and pepsin) were immediately added to the 
sample and subjected to a continuous stirring 
at 37 oC for 10 min. The pH was recorded 
for every 1 min during the 10 min digestion 
period. The percentage of digestibility was 
calculated using the equation below:

% Digestibility = 210.46 – 18.10X	                    
(eq. 1)

where, X is the pH of the sample after 
10 min of digestion.

Amino Acid Composition of ETSPI

The ETSPI (0.1 g) was hydrolyzed at 110 oC 
for 24 h with 6 M HCl under seal condition. 
The sample was then added with 400 μl of 
50 μmole/ml of L-α-amino-n-butyric acid 
(AABA, internal standard) and topped up 
to 100 ml using distilled deionized water. 
Subsequently, the sample was analyzed 
using a Waters-HPLC-System (U.S.A) 
with Waters 1525 Binary Pump, Waters 717 
plus Autosampler, and Waters 2475 Mutli 
λ Fluorescence Detector (Tan et al., 2014). 
Waters AccQ·TagTM Amino Acid Analysis 
Column (3.9 mm ×  150 mm; packing 
material: silica based bonded with C18) 
was used and maintained at 37 °C during 
analysis. Fluorescence was measured at 
wavelength of 250 nm for excitation and 395 
nm for emission. Control of the apparatus 
and solvent mixing as well as plotting and 
evaluating were carried out using Breeze 
Workstation version 3.20. Two mobile 
phases were used: (a) AccQ·TagTM Eluent 
A; (b) Acetonitrile/Water (60%/40%), and 
amino acids standard H (PIERCE, U.S.) 
was used as reference to calibrate the 
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HPLC-system. Methionine and cysteine 
were analyzed separately using performic 
acid procedure (Moore, 1963). Briefly, 
the sample (0.1 g) was mixed with 2 ml of 
performic acid solution (prepared by mixing 
0.2 ml of 30% H2O2 with 1.8 ml of 88% 
formic acid) in an ice bath (0 oC) for 4 h, 
and subsequently, 0.3 ml of 48% hydrogen 
bromine (Merck, Germany) was added to 
the mixture in ice bath. In order to remove 
the bromine in the solution, 20 ml of 1 N 
NaOH (Mallinckrodt, U.S.A.) was added 
to the mixture and the resulting mixture 
was dried at 40 oC for 30 min. The sample 
was then hydrolyzed using 3 ml of 6 N HCl 
in an oven at 110 °C for 18 h. The HCl was 
then removed using rotary evaporator and 
the residue was dissolved in 5 ml buffer (pH 
2) prior to analysis using the same setting. 
The amino acid composition of the ETSPI 
sample was presented as per 1000 residues. 

In vitro Antioxidant Activities 
Determination

The antioxidant activity of ETSPI was 
performed us ing 2-2’-Azinobis(3-
ethylbenzothiazoline-6-sulphonic acid) 
diammonium salt (ABTS) assay as described 
by Cai et al. (2004). The ABTS reagent 
was firstly incubated in the dark for 16 
h at room temperature. The reagent was 
then diluted using ethanol to obtain an 
absorbance reading of 0.700 ± 0.005 at 
734 nm. Subsequently, the diluted ABTS 
solution (3 ml) was mixed with ETSPI (5 
mg) and incubated in dark for 6 min at 23 oC. 
The absorbance of mixtures was recorded at 
734 nm. The ABTS scavenging activity was 

calculated using the equation below:

             
(eq. 2)

where Acontrol was referred to absorbance 
of control at 734 nm while Asample was 
referred to absorbance of sample at 734 nm.

Ferric reducing antioxidant power 
(FRAP) analysis was conducted according 
to the method of Benzie and Strain (1999).  
The FRAP reagent (3 ml) was pre-warmed 
for 30 min at 37 oC before added to the 
ETSPI sample (5 mg). Subsequently, the 
sample mixture was vortexed and incubated 
for 1 h at 37 oC. The absorbance of resulting 
mixture was measured at 593 nm using 
a spectrophotometer (Spectamax M5, 
Molecular Devices, USA). Iron (II) sulphate 
heptahydrate (FeSO4.7H2O) was used as a 
standard, and the result was expressed as 
mM FeSO4 per gram of sample.

In vitro α-amylase Inhibitory Assay of 
ETSPI

The α-amylase inhibitory assay was carried 
out based on the method of Apostolidis et 
al. (2007). Briefly, ETSPI sample solution 
(100 µl at concentration of 1 mg/ml) and 
α-amylase (100 µl at concentration of 1 
mg/ml) were mixed and incubated for 10 
min at 25 oC. Subsequently, starch solution 
(100 µl at concentration of 1% (w/v)) was 
added to mixture and the incubation was 
continued for 10 min at 25 oC. Afterwards, 
dinitrosalicylic acid reagent (200 µl) was 
added and the resulting mixtures were 
heated at 95 oC for 5 min. The resulting 
mixtures were cooled to room temperature 



Naufal Arshad and Chee Yuen Gan

32 Pertanika J. Trop. Agric. Sc. 42 (1):  27 - 43 (2019)

and diluted with 3 ml of deionized water 
prior to the absorbance measurement at 540 
nm. The α-amylase inhibitory percentage 
was calculated using the equation below:

   

(eq. 3)

where Apos was referred as absorbance 
of α-amylase and starch without addition 
of sample while Ablank was absorbances of 
blank, Asample was absorbance of mixture 
of ETSPI solution and α-amylase solution, 
Ablank was absorbance of sample blank.

In vitro Angiotensin Converting Enzyme 
(ACE) Inhibitory Assay of ETSPI

The angiotensin converting enzyme (ACE) 
inhibitory activity of ETSPI was performed 
according to the method by Cushman 
and Cheung (1971). The ETSPI solution 
(100 µl at concentration of 1 mg/ml) was 
vigorously mixed with ACE solution (100 
µl at concentration of 50 mU/ml) and pre-
incubated at 37 °C for 10 min. Consequently, 
histidine-histidine-leucine (HHL, 300 µl) 
was added and the mixtures were incubated 
for another 30 min. Subsequently, 1 ml of 
1 M HCl was added in order to terminate 
the reaction. The hippuric acid formed was 
then extracted using the 1.6 ml of ethyl 
acetate (Fisher Scientific, Malaysia). The 
upper fraction was collected and dried 
by using the Vacuum Concentrator 5301 
(Eppendorf, Germany) for 1 h. The pellet 
obtain was then solubilized with 2 ml of 
deionized water and the absorbance of 
resulting solution was determined at 228 
nm using a UV-vis spectrophotometer 

(Spectamax M5, Molecular Devices, USA). 
The inhibitory percentage was expressed 
using the following equation:

 
(eq. 4)

where Apos was referred as the absorbance 
of ACE and HHL without addition of 
sample, while Ablank was absorbance of the 
blank, Asample was absorbance of the mixture 
of ETSPI solution, ACE and HHL solution.

In vitro pancreatic lipase inhibiting 
assay of ETSPI

The lipase inhibitory activity of ETSPI was 
evaluated using the method as described by 
Shimura et al. (1992). A mixture of ETSPI 
solution (100 µl at a concentration of 1 mg/
ml), phosphate buffer (0.5 ml, Bendosen 
Laboratory Chemicals, Malaysia) and olive 
oil (100 µl, Bertolli®) were pre-incubated 
for 10 min at 37 oC. Subsequently, the lipase 
solution (100 µl at a concentration of 0.71 
mg/ml) was added into the resulting solution 
prior to incubation for 1 h at 37 oC. The 
reaction mixtures were then terminated at 
95 oC for 10 min. The resulting of fatty acid 
released upon the reaction mixtures was 
determined using the titration with 0.1 N 
NaOH. The lipase inhibitory percentage was
calculated based on the equation below.

           
(eq. 5)

where Ve was referred as the titration 
volume for the control (containing lipase 
and olive oil without ETSPI) whereas Vs 
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(Spectamax M5, Molecular Devices, USA). 
The inhibitory percentage was expressed 
using the following equation:

 
(eq. 4)

where Apos was referred as the absorbance 
of ACE and HHL without addition of 
sample, while Ablank was absorbance of the 
blank, Asample was absorbance of the mixture 
of ETSPI solution, ACE and HHL solution.

In vitro pancreatic lipase inhibiting 
assay of ETSPI

The lipase inhibitory activity of ETSPI was 
evaluated using the method as described by 
Shimura et al. (1992). A mixture of ETSPI 
solution (100 µl at a concentration of 1 mg/
ml), phosphate buffer (0.5 ml, Bendosen 
Laboratory Chemicals, Malaysia) and olive 
oil (100 µl, Bertolli®) were pre-incubated 
for 10 min at 37 oC. Subsequently, the lipase 
solution (100 µl at a concentration of 0.71 
mg/ml) was added into the resulting solution 
prior to incubation for 1 h at 37 oC. The 
reaction mixtures were then terminated at 
95 oC for 10 min. The resulting of fatty acid 
released upon the reaction mixtures was 
determined using the titration with 0.1 N 
NaOH. The lipase inhibitory percentage was
calculated based on the equation below.

           
(eq. 5)

where Ve was referred as the titration 
volume for the control (containing lipase 
and olive oil without ETSPI) whereas Vs 

was referred as the titration volume for the 
sample (containing lipase, olive oil and 
ETSPI).  

Statistical Analysis

The statistical results were performed 
by using SPSS version 21 (IBM, USA). 
One-way ANOVA was carried out and the 
means of results were compared by using 
DUNCAN multiple-range tests (p<0.05). 
All the analyses were conducted in at least 
3 replicates, and in each replicate, triplicates 
were used to obtain an average data. 

RESULTS 

Effect of pH, Sample to Buffer Ratio, 
Temperature and Time on Extraction 
Yield

As shown in Figure 1, the pH did not show 
a significant (p>0.05) change from pH 6 to 

6.5. However, the yield was significantly 
(p<0.05) increased from pH 6.5 to 8, and the 
highest yield up to 21.06 mg/g was obtained. 
As for the effects of sample-to-buffer ratio 
and temperature, the trends of protein yield 
were significantly (p<0.05) increased when 
both of these parameters increased. On the 
other hand, the time showed significant 
(p<0.05) increase from 0.5 to 1 h. However, 
this parameter did not show any significant 
(p>0.05) changes between 1 to 1.5 h. The 
yield was then increased from 1.5 to 2 h, 
and reached the highest value of protein 
yield (14.26 mg/g). After 2 h of extraction, 
the protein yield decreased. Through these 
findings, it was found that pH 8, 1:50 w/v. 2 
h, and 80 °C were considered as the suitable 
parameters in obtaining the highest yield of 
protein. The result showed that the crude 
protein yield obtained was 4.4% (w/w, dry 
basis), as shown in Table 1.

Figure 1. Effect of parameters (pH, sample to buffer ratio, temperature and time) towards the extraction 
yields
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Table 1 
Extraction yields, in vitro digestibility, antioxidant activities and biological activities of ETSPI

Extraction Yields and Activities Values
Extraction yield, dry basis (%, w/w) 4.4± 0.03
In vitro digestibility activity (%) 72.5 ± 1.2
Antioxidant activities
(a) ABTS (%/mg) 33.4 ± 3.3
(b) FRAP (mM FeSO4/mg) 0.97 ± 0.02
ACE inhibitory activity (%/100µg) 56.6 ± 3.5
α -amylase inhibitory activity (%/100µg) 31.2 ± 1.8
Lipase inhibitory activity (%/100µg) 26.7±1.2

Data points are mean ± standard deviation (n=3)

Sodium Dodecyl Sulphate 
Polyacrylamide Gel Electrophoresis 
(SDS-PAGE)

Based on Figure 2, the ETSPI profile has the 
molecular weight bands in a range of 13 to 
54 kD. The major intense band appeared at 
31 kD corresponding to 7S globulin (vicilin 
subunit), which is one of the major storage 
proteins in seeds. In addition, the subunit of 
legumin (11S globulin) was also discerned 
with 2 basic bands at 21-22 kD and one 
minor acidic band at 44 kD (Barac et al., 
2010). 

Fourier Transform Infrared (FTIR) 
Spectroscopy 

Based on Figure 3, the FTIR spectra  shows 
the prominent bands of protein in the region 
of 1654 cm-1, 1543 cm-1 and 1454 cm-1, 
which representing the functional groups of 
amide I, amide II and amide III, respectively. 
Other peaks at wavenumber of  520, 964, 
1009, 1049, 2265, 2376, 2862, 2928, and 

3445 cm-1, were also found in other proteins 
(Chen et al., 2013; Gupta et al., 2010), which 
verified that extract was protein. 

Figure 2. SDS PAGE profile of protein marker 
(Lane M) and ETSPI (Lane 1)
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In vitro Digestibility

As shown in Table 1, ETSPI showed slightly 
lower the digestibility value (72.5%) as 
compared with Quinoa protein (78.4%) 
(Elsohaimy et al., 2015), cowpea protein 
isolate (78.7%) (El-jasser, 2010), and 
Mucuna bean protein (90.6%) (Adebowale 
et al., 2007). 

Amino Acid Composition of ETSPI

The result showed that hydrophobic amino 
acids were dominant in ETSPI followed 
by acidic, uncharged polar and basic 
amino acids, as shown in Table 2. This 
characteristic amino acid profile was vital 
in correlation study of biological activities 
of ETSPI. Despite, the highest acidic amino 
residues such as aspartic and glutamic acid 

might suggest the protein was acidic in 
nature. Nonetheless, ETSPI was found lack 
in sulphur-containing amino acids, such 
as cystine and methionine. This could be 
revealed as the methionine was commonly 
limiting in legumes due to its low amount 
in storage protein, globulin (Lam & de 
Lumen, 2003). In fact, the aqueous-alkaline 
extraction used in isolating ETSPI might 
give an effect in term of the destruction of 
these amino acids.  

Biological Activities of ETSPI

Table 1 shows that ETSPI has potential in 
inhibiting angiotensin converting enzyme 
(ACE) (56.6%), lipase (26.7%) and 
α-amylase (31.2%). Apart from that, the 
protein also exhibited ABTS free radical 

Figure 3. IR spectra of ETSPI
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scavenging activity of 33.4% and ferric 
reducing antioxidant power (FRAP value) 
of 0.97 mM. 

DISCUSSION

Based on a single factor experiment, it 
showed that all the parameters (i.e. pH, 
sample to buffer ratio, temperature and 
time) had shown the effects towards the 
extraction yield of protein. The incremental 
value of protein yield across the pH could 
be explained by the solubility and isoelectric 
point (pI) of protein. The solubility of 
protein commonly increases when the 

environmental pH of protein was above the 
pI value. As the phenomenon occurs, the 
net charge of the protein could be changed, 
resulting in the inducement in protein-
solvent interaction (Samanta & Laskar, 
2009). As a result, a better extraction yield 
of protein could be obtained at a higher pH 
condition. For the effect of sample-to- buffer 
ratio, the extraction yield increased as the 
ratio increased because higher amount of 
extraction buffer would encourage more 
proteins to be soluble. This might be 
due to the relaxation process of proton-
transfer reaction between the buffer ions and 

Asp: Aspartic acid, Glu: Glutamic Acid, Ala: Alanine, Ile: Isoleucine, Gly: Glycine, Leu: Leucine, Met: 
Methionine, Phe: Phenylalanine, Pro: Proline, Val: Valiune, Arg: Arginine, Lys: Lysine, Cys: Cystine, 
Thr:Threonine, Tyr: Tyrosine, Ser: Serine

Characteristic of Amino Acid Per 1000 Amino Residues Percentage Based on Characteristic (%)

Acidic 
28.2Asp	 117

Glu 60
Hydrophobic 

38.0

Ala 72
Ile 43
Gly 76
Leu 70
Met 19
Phe 35
Pro 56
Val 83
Basic 

12.9Arg 67
Lys 39
Uncharged Polar

20.8
Cys 9
Thr 41
Tyr 21
Ser 60

Table 2 
Amino acid composition of ETSPI based on their chemical characteristics
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α-amino groups (Wijayanti et al., 2014).  In 
other words, the increases of sample-buffer 
ratio will facilitate the extraction of the 
sample, thus increasing the protein yield. 
Temperature also plays an important role in 
the extraction procedure, as the increment of 
temperature will cause the protein become 
more porous, resulting in a higher efficiency 
of the protein to be solubilized in the buffer 
solution (Kumoro et al., 2010). For the 
effect of time, the longer extraction time was 
needed in the beginning phase of extraction 
as it could facilitate the solvent in diffusing 
the sample, which improved the protein 
yield. However, prolong extraction for a 
certain period of times could give adverse 
effect as the solubility of proteins could be 
decreased due to the formation of protein-
phytate complexes (Eromosele et al., 2008). 
Hence, it could reduce the amount of protein 
yield.  The pH 8, 1:50 (w/v), 80oC and 1.5 
h had shown the highest values of yield in 
the protein extraction within the studied 
parameters, and these parameters were used 
in extracting the ETSPI. 

S o d i u m  d e d o c y l  s u l p h a t e -
polyacrylamide gel electrophoresis (SDS-
PAGE) was conducted in determining the 
molecular weight of the protein through the 
electrophoretic mobility protein separation 
(Luo et al., 2004). Throughout the finding, 
ETSPI could be classified into the group 
1 vicilin as its precursor polypeptide was 
fragmented in the range of 12-34 kD 
(Döring, 2015). Moreover, the trend of 
SDS-PAGE profile of ETSPI was similar 
to the protein profiles of pea seed, which 
the dominant protein was the 7S globulin 

subunit (Barać et al., 2015). Interestingly, 
this 7S globular protein was commonly 
delineated as an agent in inhibiting digestive 
enzymes, especially protease and amylase 
(Mundi, 2012). Despite,  Lovati et al. (1998) 
had reported that the 7S globular protein 
from soybean protein could reduce the 
plasma cholesterol level up to 35%. This 
finding elucidated that the major protein 
fraction in this ETSPI could be part of the 
contributors towards its biological activities.

The FTIR analysis was performed 
in procuring the understanding of ETSPI 
protein structure. Amide I and amide II are 
most vital band of protein backbone as it 
could be used in prediction of secondary 
structure of proteins  (Kong & Yu, 2007). 
From the result, it could be suggested that 
the secondary structure of ETSPI belongs to 
α-helical as the peak of amide 1 was located 
in the region of 1650 to 1660 cm-1 (Zhao et 
al., 2008).

Protein digestibility is one of the 
important factors in examining the nutritional 
quality of protein (Elsohaimy et al., 2015). 
The results had shown the digestibility was 
lower than other extract. This might attribute 
to the complex structure of protein such as 
globulin and high molecule weight of protein 
that present in the ETSPI, which might slow 
down the hydrolysis. In fact, the compact 
structure of protein might encumber the 
proteolytic enzyme in cleavage the peptide 
bond, and resulted a decline in digestibility. 

Amino acid composition was conducted 
in studying its correlation with the biological 
activity. Throughout drug discovery research, 
the enzyme inhibitor was commonly worked 



Naufal Arshad and Chee Yuen Gan

38 Pertanika J. Trop. Agric. Sc. 42 (1):  27 - 43 (2019)

by interacting target enzyme through non-
covalent force such as hydrophobic force, 
electrostatic force, hydrogen bond and 
Van der Waals forces. This conceptual was 
implemented in our research and it could 
be suggested that amino acid presence in 
ETSPI might interacted with our target 
enzyme (lipase, ACE, amylase) through 
interaction forces which resulting the 
inhibitory activity as shown on Table 1. 
Hernández-Ledesma et al. (2011) reported 
that ACE preferred to interact with inhibitor 
or substrate, which had the hydrophobic 
amino residue at N-terminal. Nonetheless, 
the bond of certain hydrophobic amino 
acid, such as Leu and Pro, to the active site 
of ACE through hydrogen and electrostatic 
interaction might cause the enzyme to lose 
its ability in binding to the substrate (Jang 
et al., 2011; Pan et al., 2011). In addition, 
Ashok and Aparna (2017) reported that 
bioactive peptide, which contain Val and 
Ala mimicked the interaction of lisinopril 
(ACE synthetic drug inhibitor), thus reduced 
the availability of the catalytic or substrate 
binding sites for the substrate. This similar 
interaction could occur when the ETSPI, 
which has a high abundance in Leu, Val, Ala 
were added to the ACE. Another possible 
explanation on the reduced activity was 
the ETSPI might also interact with the His-
His-Leu (substrate), in which lowering the 
susceptibility of the substrate to be bound 
by ACE. Interestingly, ETSPI had manifest 
a favorable ACE inhibitory activity as 
compared with other seed protein extracts 
(e.g. flaxseed, chickpea and pea), which all 
of them were reported no ACE inhibitory 

activity (Barbana & Boye, 2010; Marambe 
et al., 2008). Therefore, it was suggested that 
ETSPI has the potential in antihypertensive 
effect. On the other notes, the relative high 
amount of Gly, Leu, Ala and Arg in ETSPI 
was one of the attributions of the α-amylase 
inhibitory activity. These similar residues 
were reported to be abundant in soybean 
and oat, which both of these legumes were 
potential antidiabetic agents (Lacroix & Li-
Chan, 2012). In fact, Mojica and de Mejía 
(2016) reported that Leu in their peptide 
(Leu-Ser-Lys-Ser-Val-Leu) had shown the 
highest interaction with α-amylase active 
site through the hydrophobic interaction.  
This hydrophobic amino acid residue of 
Leu is important in α-amylase inhibition 
as it blocks the ion channel of enzyme and 
thus, reduces the enzyme activity (van der 
Veen et al., 2001). It was also suggested 
that ETSPI might interact with starch and 
prevented the formation of glycosyl-enzyme 
intermediate. However, ETSPI had manifest 
slightly low activity as compared to barley 
protein isolated (51-57.3%) (Alu’Datt et al., 
2012). This might be related to the compact 
structure of ETSPI and entrapment of active 
functional amino acid in the core of the 
protein. However, the activity could be 
enhanced by releasing the bioactive peptide 
throughout the enzymatic hydrolysis of 
parental chain protein (Elias et al., 2008). 
Thus, it could suggest that ETSPI might 
be a precursor in producing the bioactive 
peptide to enhance the inhibitory activity 
of α-amylase. In terms of lipase inhibitory 
activity, Arg was reported to contribute to 
the activity in lowering the cholesterol that 
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could relate to the antiobesity property (Oda, 
2006). Despite, a protein comprising amino 
acid residues that are predominant with Glu 
and Pro , also reported to have the potential 
in inhibiting the lipase (Upadhyay et al., 
2006). Apart from that, peptide with amino 
acid sequence of Cys-Gly-Pro-His-Pro-Gly-
Gln-Thr-Cys, which adequately in inhibiting 
the pancreatic lipase was selected from 
phage displayed (Lunder et al., 2005). These 
findings supported that the result of which 
these amino acids were found relatively high 
amount in ETSPI. The olive oil, which was 
used as the substrate, might form emulsion 
with ETSPI, where the protein chain of 
ETSPI wraps over the oil droplets and thus, 
prevented the lipase from approaching 
them. Additionally, the inhibitory activity 
of lipase enzyme of ETSPI slightly similar 
compare to the other lipase inhibitory 
activity of seed extract, such as Trigonella 
foenum-graecum (30%) Bunium persicum 
(28%), and Nigella sative (31%) (Birari 
& Bhutani, 2007). In this comparison, 
secondary metabolite seed extracts were 
used instead of protein because there 
were no reports on lipase inhibitor protein 
available. Throughout these findings and 
supportive literature, it could suggest that 
ETSPI might be nominated as a novel lipase 
inhibitor. The hydrophobic properties were 
also considered as an important factor for 
the accessibility of the antioxidant protein 
to the cellular target organ via hydrophobic 
interaction with the bilayer lipid membrane. 
In fact, the hydrophobic group of amino 
acids, such as Phe, Trp, Tyr and His, should 
be credential for the antioxidant activity due 

to their chemical structure and functional 
group. For instance, the presence of the 
imidazole ring in His could act as proton 
donor, which neutralize the free radicals of 
ABTS or DPPH (Samaranayaka & Li-Chan, 
2011). On the other hands, the relative high 
amount of Glu and Asp in ETSPI might 
also attribute to the antioxidant activity. It 
was elucidated that these amino acids were 
considered as metal chelating agents, which 
had potential in binding metal ions (Wang 
et al., 2009). The tendency of these amino 
acids in donating their excess electron 
towards the free radical could be one of the 
antioxidative abilities of ETSPI (Udenigwe 
& Aluko, 2012).

CONCLUSION

In summary, it can be verified that ETSPI 
present in the local medical drink had partially 
contributed to the therapeutic effects, such 
as antidiabetic, antihypertensive, antiobesity 
as well as antioxidant activities. The best 
extraction yield of ETSPI was obtained 
under the condition of extraction time of 
2 h, buffer to sample ratio of 1:50 (w/v), 
temperature at 80 oC, and pH 8. In fact, the 
requisite amount of amino acids in ETSPI 
was the vital criterion due to its correlation 
with the biological activities. However, 
ETSPI had manifested mild activity in 
terms of biological activities due to the 
tertiary structure of the polypeptide which 
cause inaccessible of amino acid to the 
target enzyme or prooxidant. This limitation 
could be overcome by disrupting the tertiary 
structure through enzymatic hydrolysis of 
the isolated protein to bioactive peptide, 
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and this approach is suggested in our 
future research which will be focusing on 
identification of bioactive peptide.  
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ABSTRACT 

This study investigated total phenolic contents, antioxidant activities, and antidiabetic 
activities in flesh, seed and leaf extracts, and the fermented juices of Garcinia 
schomburgkiana Pierre (Madan). Seed extract showed the highest total phenolic content, 
radical scavenging activity and amylase inhibitory activity, whereas the leaf extract had the 
strongest ferrous ion chelating activity and inhibitory activities on glucosidase and lipase. 
The very strong positive correlation between total phenolic content and radical scavenging 
activity, and between ferrous ion chelating and glucosidase inhibitory activities were 
significantly found (r = 1.000 and 0.998 at P<0.05, respectively). Moreover, the Madan juice 
revealed the highest total phenolic content at 72 hour fermentation. However, production 
of radical scavenging and ferrous ion chelating activities of fermented juices increased 
at the start of fermentation. Additionally, amylase inhibitory activity increased during 24 
hour fermentation, whereas glucosidase and lipase inhibitory activity reached maximal 
levels during 17 day and 48 hour fermentation, respectively. The total phenolic contents 
of the fermented juices were very strongly negatively correlated with radical scavenging 
activity, and ferrous ion chelating activity, significantly (r = -0.869 and -0.937 at P<0.05, 
respectively). In addition, the very strong positive correlation between radical scavenging 
activity and ferrous ion chelating activity was significantly found (r = 0.804, P<0.05). Our 

results indicated that G. schomburgkiana 
Pierre is a potential nutraceutical source, and 
its fermented juice can be further improved 
as a healthy fruit drink.

Keywords: Antidiabetic activity, antioxidant activity, 

Garcinia schomburgkiana Pierre
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INTRODUCTION

Obesity is a major non-communicable disease 
(NCD) which is becoming a worldwide 
concern. It is also a cause of other NCDs (i.e. 
cardiovascular risk factors, hypertension, 
and hyperinsulinemia including type II 
diabetes mellitus) and death. In Thailand, the 
prevalence of obesity shows an increasing 
trend, with approximately 33% and 43% of 
males and females affected, respectively 
(Teerawattananon & Luz, 2017). Moreover, 
the age-adjusted prevalence of people with 
diabetes in Thailand increased from 7.7% 
in 2004 to 9.9% in 2014 (Aekplakorn et 
al., 2018). Nowadays, one of the most 
common NCDs associated with obesity 
is type II diabetes mellitus, which is a 
metabolic dysfunction characterized by 
insulin resistance, insufficient insulin, 
inappropr ia te  glucagon secre t ion , 
hyperglycemia, and glucotoxicity. Type II 
diabetes mellitus is a critical problem of 
global public health (Janghorbani et al., 
2013), especially in developing countries. 
In a recent report, it has been predicted that 
there will be a further increasing trend of 
382 million people with diabetes in 2013 
rising to 592 million  in 2035 (Guariguata 
et al., 2014). Meanwhile, several therapeutic 
methods have been developed to decrease 
hyperglycemia in Thai patients with type 
II diabetes mellitus. Many reports have 
focused on key enzymes in type II diabetes 
mellitus such as lipase, α-glucosidase, 
and α-amylase. The α-glucosidase and 
α-amylase enzymes showed functions 
involving polysaccharide catabolism and 
starch hydrolysis which lead to a lower 
increased blood glucose level after a mixed 

carbohydrate diet (Kwon et al., 2006). For 
the lipase enzyme, it shows the effect of 
lowering the increased plasma triglyceride 
levels after high fat diets (Zhang et al., 
2008). Moreover, the presence of bioactive 
compounds found in plants (i.e. phenolic 
agents) may be of medicinal significance 
(i.e. antioxidant activities). Antioxidants 
are a major inhibitor in glycoside hydrolase 
activities, glycation reaction, and production 
of advanced glycation end-products (AGEs) 
(Adefegha et al., 2015). Previous study has 
been revealed that correlation between total 
phenolic content, antioxidant activity, and 
amylase inhibitory activity of bioprocessed 
local fruit extracts (pineapple and guava) 
are investigated to improve the value of fruit 
wastes (Sousa & Correia, 2012). 

Finding novel antidiabetic drugs from 
plant extracts with fewer side effects, 
therefore, may be useful for human health 
worldwide. Garcinia schomburgkiana Pierre 
is a local fruit tree known as Madan that is 
commonly found in the central and southern 
regions of Thailand, especially in Nakhon 
Nayok province. Its leaves and fruit can 
be consumed either raw or cooked, but this 
is of limited popularity due to its sourness 
(Subhadrabandhu et al., 2001), and its seeds 
are usually discarded as waste during fruit 
processing. However, G. schomburgkiana 
Pierre has been reported to have high 
phytochemical content, high total phenolic 
content and high antioxidant property in 
root and branch acetone extract (Meechai 
et al., 2016a, 2016b, 2016c). Promoting 
consumption of the processed fruit could be 
an excellent way to improve the economic 
viability of Madan, with products such as 
healthy fruit drink and fruit compote. 
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However, the health effect of processing 
on the activities of lipase, amylase, and 
glycosidase, including antioxidant capacities 
of this fruit, are little known and poorly 
understood. Therefore, our major goals 
focused on the effect of fermented juice and 
extracts from G. schomburgkiana Pierre as 
an antioxidant and antidiabetic drug. This 
work was carried out in Ongkarak district, 
Nakorn Nayok province.

MATERIALS AND METHODS 

Chemicals

Orlistat (Sigma), triolein (Sigma-Aldrich), 
sodium dihydrogen phosphate dehydrate 
(Sigma-Aldrich), ethanol absolute (Merck), 
Di-potass ium hydrogen phosphate 
anhydrous (Merck), 4-nitrophenyl-alpha-
D-glucopyranoside (PNPG) (Sigma), 
3,5-dinitrosalicylic acid (Sigma), DTNB 
(5,5′-dithiobis, 2-nitrobenzoic acid) 
(Sigma), ethanol solution (Sigma), Tween 40 
(Merck), α-amylase from porcine pancreas 
(Sigma-Aldrich), α-glucosidase from 
Saccharomyces cerevisiae (Sigma-Aldrich), 
lipase from Candida Antarctica (Sigma-
Aldrich), reduced glutathione solution 
(GSH) (Sigma), acarbose (Sigma), sodium 
potassium tartrate (Merck), phenolphthalein 
indicator (Merck).

Sample Collection

Leaves and fruits of G. schomburgkiana 
Pierre were collected from Ongkarak 
district, Nakorn Nayok province, then 
washed with distilled water and kept in a 
plastic bag at 4°C until used. 

Aqueous Fermented Extracts

Fresh fruit samples of G. schomburgkiana 
Pierre without seeds were cut into small 
pieces. After that, they were mixed with 
distilled water at ratios of 1:1, 1:2, 1:3, 
and 1:4. The mixtures were combined with 
brown sugar 2% (w/v), and then left at room 
temperature to ferment. Each fermented 
juice was collected in 50 ml polyethylene 
tubes at 0 hours, 24 hours, 48 hours, 72 
hours, 10 days, 17 days, and 24 days, and 
kept at -20°C until used.

Plant Extracts

Seed, flesh and leaf samples of  G. 
schomburgkiana Pierre were cut into small 
pieces, incubated at 50°C for about 24 hours 
and then milled using a homogenizer. After 
that, 50 g of the powder was added by 95% 
ethanol and mixed, then incubated at 37°C 
for 14 hours with shaking. The extracts were 
filtered through cheesecloth, and all filtrates 
were evaporated at 45oC for 2 hours by 
vacuum evaporator (IKAa RV10), weighed 
and adjusted the volume with 95% ethanol 
solvent to the final concentration of 1 g/ml. 
This was then diluted to 1:1000, 1:100, 1:50, 
and 1:10 with 95% ethanol solvent, and 
kept at -20°C until used. Each sample was 
extracted in duplicate (Thummajitasakul 
et al. 2014; Thummajitsakul & Silprasit, 
2017).

Total Phenolic Contents

Total phenolic contents were determined 
with the Folin–Ciocalteu colorimetric 
technique. Each extract (300 µl) was 
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combined with 1.5 ml of Folin-Ciocalteu 
reagent and left for 5 min. After that, 1.2 
ml of sodium carbonate (7.5% w/v) was 
added and incubated for 30 min at room 
temperature. The absorbance of each 
reaction was then measured at wavelength 
765 nm by a spectrophotometer (Model 
T60UV). Each assay was carried out in 
duplicate. Gallic acid was used to generate 
a calibration curve (y=5.32x-0.02; R2=0.96) 
(Deetae et al., 2012).  Total phenolic 
contents were then shown in unit of mg 
gallic acid equivalent per gram extract.

ABTS Method

A B T S  [ 2 , 2 ′ - a z i n o b i s ( 3 -
ethylbenzothiazoline-6-sulfonic acid) 
diammonium] radical cation was prepared 
from 7 mM ABTS solution (10 ml) and 
140 mM potassium persulfate (179 µl), 
then incubated for 12-16 hours in the dark 
at room temperature. After that, the ABTS 
radical cation was diluted with distilled 
water until its absorbance reached 0.700 ± 
0.050 at 734 nm. Then 20 µl of each extract 
was reacted with 3.9 ml of the diluted ABTS 
radical solution for 6 min in the dark at 
room temperature, and the absorbance was 
quickly measured at 734 nm. Each assay 
was performed in duplicate. The antioxidant 
capacity was calculated using the below 
formula (Deetae et al., 2012).

% Antioxidant capacity = 

(AABTS  – Asample     

      AABTS			                       (1)

where AABTS was the absorbance of the 
ABTS•+ solution without a sample, and 
Asample was the absorbance of the ABTS•+ 
solution with a sample. 

FIC Method

The ferrous ion chelating activity was 
measured by mixing each sample extract 
(1 ml) with 0.1 mM FeSO4 (1 ml) and 
0.25 mM ferrozine (1 ml). This was left at 
room temperature for 10 min in the dark, 
following which the absorbance of each 
reaction was measured at 562 nm. EDTA 
was used as a standard solution. Each 
reaction was performed in duplicate. The 
percentage of metal chelating ability was 
calculated according to the below formula 
(Deetae et al., 2012).

% Metal chelating capacity = 

       (Asample – Asample blank)    

        (Awater – Awater blank)        	             (2)

where Asample and Asample blank were the 
absorbance of a sample with ferrozine and 
without ferrozine, respectively.

Awater and Awater blank were the absorbance 
of distilled water with ferrozine, and without 
ferrozine, respectively.

Lipase Inhibitory Activity 

Lipase inhibitory activity was determined 
by mixing each extract (900 µl), 1% triolein 
in Tween 40 (1 ml), and 50 mM sodium 
phosphate buffer pH 8.0 (400 µl). This was 
then incubated at 37°C for 30 min. After 
that, 0.15 unit/ml lipase solution (400 µl) 
was gently mixed, before incubation at 

× 1001 –

× 100
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37°C for 1 hour. For the blank solution, 
sodium phosphate buffer was used in place 
of enzyme solution, then each reaction 
was mixed with 95% ethanol (1 ml), and 
titrated with 0.025 N NaOH until the 
phenolphthalein indicator changed to pink 
(Jagdish et al., 2013; Wrolstad et al., 2005). 
Orlistat was used as a positive control. 
Each extract was performed in duplicate. 
The percentage of lipase inhibition was 
calculated using the below formula.

% Lipase inhibition = 

[(A–a)–(B–b)] 

          (A–a)                                      (3)
                                                       
where A and B were the volume of 

NaOH used until the end-point was reached, 
for titration of distilled water and extract 
with lipase, respectively.

a and b were the volume of NaOH used 
until the end-point was reached, for titration 
of distilled water and extract without lipase, 
respectively.

Amylase Inhibitory Activity

Amylase inhibitory activity was measured 
by mixing between 12 units/ml amylase 
solution (100 μl) with each extract (100 μl) 
and incubating at 25°C for 30 min. Then, 
100 μl of 1% starch solution was added, and 
left at 25°C for 3 min. After that, 100 μl of 
DNS reagents (96 mM 3, 5-dinitrosalicylic 
acid and 5.3 M sodium potassium tartrate 
in 2 M sodium hydroxide) were added 
and incubated at 85°C for 15 min, then 
immediately cooled at 4°C. Additionally, 

distilled water (900 μl) was added and 
mixed, and the absorbance was detected at 
540 nm (Wang et al., 2018). Acarbose was 
used as a positive control. Each extract was 
carried out in duplicate. The percentage of 
amylase inhibition was calculated using the 
following formula.

% Amylase inhibition =
        (Asample – Asample blank) 

          (Awater – A water blank)       	            (4)

where  Awater  and A sample were  the 
absorbance of distilled water and sample 
extract with amylase, respectively.

Awater blank and Asample blank were the 
absorbance of distilled water and sample 
extract without amylase, respectively. 

Glucosidase Inhibitory Activity

Glucosidase inhibitory activity was 
determined in a reaction of 3 mM glutathione 
(25 μl), 67 mM potassium phosphate buffer 
pH 6.8 (250 μl), 0.3 unit/ml glucosidase (25 
μl), and each extract (100 μl) at 37°C for 10 
min. After that, 10 mM PNPG (25 μl) was 
mixed and incubated at 37°C for 10 min, 
then 0.1 M sodium carbonate (400 μl) was 
added with gently shaking. The absorbance 
was measured at 400 nm (Elya et al., 2012). 
Acarbose was used as positive control. The 
percentage of glucosidase inhibition was 
calculated following formula.

% Glucosidase inhibition =
        (Asample – A sample blank) 

           (Awater – A water blank)      	           (5)                     

× 100

× 100

1 – × 100

1 –
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where  Awater  and A sample were  the 
absorbance of distilled water and sample 
extract with glucosidase, respectively.

Awater blank and Asample blank were the 
absorbance of distilled water and sample 
extract without glucosidase, respectively.

Data Analysis

All tests were analyzed in duplicate, at 
minimum. Data were expressed as mean 
±SD, and significant differentiation between 
mean values was evaluated by one-way 
variance analysis (ANOVA). The principal 
component analysis (PCA) with varimax 
rotation was used to determine correlations 
among variables. Linear regression analysis 
(R2 = 0.74-1.00) was applied to estimate 
EC50 values (effective concentration of each 
extract needed to scavenge ABTS radicals, 
chelate ferrous ions, or inhibit enzymes by 
50%), which were consequently adjusted to 
1/EC50 (Thummajitsakul et al., 2014). All 
statistics were calculated via Paleontological 
statistic program version 3.16 (Hammer et 
al., 2001) and PSPP program version 0.10.5 
(Pfaff et al., 2013).

RESULTS AND DISCUSSION

Nowadays it is well known that amylase and 
glucosidase are enzymes for carbohydrate 
digestion in the digestive system. Amylase 
is responsible for breaking down 1, 
4-glycosidic bonds of polysaccharides to 
disaccharides, whereas glucosidase digests 
the disaccharides to monosaccharides, which 
leads to an increase of the postprandial 
plasma glucose. Therefore, inhibition of 
these enzyme activities can help to delay 

carbohydrate digestion or extend time 
in digestion, which causes a reduction 
in glucose absorption and postprandial 
hyperglycemia (Yilmazer-Musa et al., 
2012). In addition, lipase is an enzyme 
responsible for fat digestion and absorption, 
which consequently leads to hyperlipidemia 
(Kershaw et al., 2006). Therefore, lipase is 
also a key enzyme in preventing obesity and 
obesity-related diseases, inhibition of which 
can help to delay lipid absorption (Padwal 
& Majumdar, 2007). 

  In our study, the results demonstrated 
that total  phenolic content,  radical 
scavenging activity, ferrous ion chelating 
activity, and antidiabetic potential were 
found in 95% ethanol extracts of seed, 
flesh, leaf, and fermented juices from G. 
schomburgkiana Pierre. Total phenolic 
contents of seed, leaf, and flesh extracts 
were 110.03±21.60, 60.89±8.55, 6.21±2.85 
mg gallic acid/g extract, respectively. The 
EC50 values of each extract and fermented 
juice for radical scavenging, ferrous ion 
chelating, and enzyme inhibitory activities 
were adjusted to 1/EC50. The higher 1/
EC50 values indicated higher biological 
activities. The corresponding order of the 
1/EC50 of radical scavenging activities was 
0.1335, 0.0724, and 0.0011 for seed, leaf, 
and flesh extracts, respectively. However, 
ferrous ion chelating activity showed 
the highest 1/EC50 value in leaf extract 
(0.5128), followed by seed extract (0.0525), 
and flesh extract (0.0287). Additionally, 
amylase inhibitory activities were observed 
in seed, flesh and leaf extracts that showed 
1/EC50 values in order 0.0277, 0.0192 and 
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0.0186, whereas the order of glucosidase 
and lipase inhibitory activity was leaf extract 
(0.0801 and 0.0450), seed extract (0.0675 

and 0.0309), and flesh extract (0.0658 and 
0.0208) (Table 1).  

Table 1
Total phenolic contents, radical scavenging activities, ferrous ion chelating activities, inhibitory activities 
on amylase, glucosidase and lipase of 95% ethanol extracts of seed, flesh and leaf from G. schomburgkiana 
Pierre

Biological activities
95% ethanol extracts

Seed Flesh Leaf
Total phenolic contents
(mg gallic acid/ g extract) 110.03±21.60 6.21±2.85 60.89±8.55

Radical scavenging activities             
EC50 (1/EC50) 7.49±0.92 (0.1335) 859.86±45.72 (0.0011) 13.81±1.91 (0.0724)

ferrous ion chelating activities
EC50 (1/EC50) 19.03±11.62 (0.0525) 34.85±24.70 (0.0287) 1.95±0.85 (0.5128)

Amylase inhibition
EC50 (1/EC50) 36.15±1.72 (0.0277) 52.06±0.01 (0.0192) 53.60±2.03 (0.0186)

Glucosidase inhibition
EC50 (1/EC50) 14.81±6.19(0.0675) 15.19±4.85 (0.0658) 12.48±0.21 (0.0801)

Lipase inhibition
EC50 (1/EC50) 32.33±7.95 (0.0309) 48.09±1.67 (0.0208) 22.21±8.36 (0.0450)

A recent study of ethanolic extract 
of Garcinia mangostana Linn., which 
revealed hypoglycaemic activity by the 
increase of the number of insulin-producing 
β-cells in rat (Taher et al., 2016), support 
our result. Generally, appropriate reactive 
oxygen species (ROS) are useful for many 
biological processes in the human body such 
as immune function, gene expression and 
cellular responses. However, an excess ROS 
can attack insulin-producing pancreatic 
β-cells, which is one of the major causes of 
type II diabetes mellitus (Tangvarasittichai, 
2015). Moreover, obesity can trigger an 
increase in ROS, which is linked to the 
development of obesity-related disease 
(Marseglia et al., 2015).

In addition, our result indicated the 
moderate level of ABTS radical scavenging 
activities and total phenolic contents in 
ethanolic extract from G. schomburgkiana 
leaf. Similarly, previous study shows low 
total phenolic contents (58.84, 37.68, and 
97.97 mg of gallic acid/g extract), and 
moderate ABTS radical scavenging activities 
(151.51, 31.21, and 93.19 mg of g extract) 
have been found in dichloromethane, 
acetone, and methanol extracts of G. 
schomburgkiana leaf, respectively (Meechai 
et al., 2016a). However, acetone extracts of 
roots and branches of this plant show high 
phenolic contents, antioxidant capacity, and 
radical scavenging activity (Meechai et al., 
2016a, 2016b). 
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Moreover, parts of G. schomburgkiana, 
namely bark, branch, root, wood, and fruit 
have been reported as natural sources of 
phenolics such as xantones, flavonoid, 
biphenyls, depsidones, biflavonoids, and 
benzophenones (Ito et al., 2013; Le et al., 
2016; Meechai et al., 2016c; Mungmee 
et al.,  2013; Sukandar et al.,  2016; Vo et 
al., 2012). These phenolics reveal many 
biological capacities such as antidiabetic 
and antiobesity activities (Liu et al., 2015; 
Trinh et al., 2017; Vinayagam & Xu, 2015). 
Therefore, several extracts from plant 
sources are used as a phenolic reservoir in 
effective interaction or inhibition on the 
key enzymes which are linked to type II 
diabetes and obesity. Interestingly, seed 
extract showed lower ferrous ion chelating 
activities, glucosidase inhibitory activity, 
and lipase inhibitory activity in comparison 
to leaf extracts, whereas total phenolic 
content, radical scavenging activity, and 
amylase inhibitory activity were higher. 
Based on previous studies, seeds of several 
fruits consist of abundant phenolic contents 
and antioxidant activities (Babbar et al., 
2011).

The PCA results of the ethanolic extracts 
revealed that total phenolic content, radical 
scavenging activity, ferrous ion chelating 
activity, and inhibitory activities on amylase, 
glucosidase, and lipase were grouped into 
2 components with eigenvalues above 1. 
PC1 and PC2 accounted for 53.13% and 
46.87% of the total variance, respectively. 
PC1 contained total phenolic content, 
radical scavenging activity, and amylase 
inhibitory activity, whereas PC2 contained 

ferrous ion chelating activity, glucosidase 
inhibitory activity, and lipase inhibitory 
activity. It confirmed that the highest value 
of total phenolic content, radical scavenging 
activity, and amylase inhibitory activity 
were found in the seed extract, whereas 
the highest value of ferrous ion chelating 
activity, glucosidase inhibitory activity, and 
lipase inhibitory activity were found in the 
leaf extract (Figure 1A). Furthermore, the 
results showed that total phenolic content 
was very strongly correlated with radical 
scavenging activity (r = 1.000, P <0.05), 
and ferrous ion chelating activity was 
very strongly correlated with glucosidase 
inhibitory activity, significantly (r = 0.998, 
P <0.05).

It is possible that the antioxidant 
activities found in all extracts are contributed 
by the phenolic agents found in this plant, 
and that the glucosidase inhibition activities 
are provided by phytochemical constituents 
which exhibit ferrous ion chelating activities. 
It has been reported that dichloromethane, 
acetone, and methanol extracts of G. 
schomburgkiana contain many biological 
agents, namely benzoic acid, vanillin, citric 
acid, linoleic acid, oleic acid, protocatechuic 
acid, catechol, and phloroglucinol (Meechai 
et al., 2016c).  Moreover, GC-MS analysis 
of phytochemical compounds in acetone 
extracts of G. schomburgkiana branch 
shows that antioxidant activity is contributed 
by phenolic compounds (isovanillic acid and 
2,6-dihydroxy-4-methoxybenzophenone) 
and fatty acids in the extract (Meechai et 
al., 2016a).
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In addition, it has been reported 
tha t  s eve ra l  pheno l i c  compounds 
(i.e. methyl 4-O-galloylchlorogenate, 
4-O-galloylchlorogenic acid, methyl 
chlorogenate, dihydromyricetin, quercitrin, 
myr ic i t r in ,  ca tech in ,  ep ica tech in , 
gallocatechin, and gallic acid) from plants 
have health-related benefits, and exhibit 
antioxidant properties (Parik & Patel, 2017) 
including inhibitory activities on amylase, 
glucosidase, and lipase (Kamiyama et al., 
2010; Li et al., 2009; McDougall et al., 
2005; Yang et al., 2014; Yilmazer-Musa 

et al., 2012), which have key roles in the 
control of diabetic and obesity-related 
diseases in humans.  

Moreover, our results also indicated that 
total phenolic content, antioxidant activity 
and antidiabetic activity were found in the 
fermented juice of G. schomburgkiana 
Pierre. Total phenolic contents of the 
fermented juices increased to a maximum at 
1.06±0.36 mg gallic/g fresh fruit after 72 hour 
fermentation, and then gradually decreased. 
However, the radical scavenging activity 
and ferrous ion chelating activity of the 
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Figure 1.  Principal component analysis (PCA). A is PCA of seed, flesh and leaf extracts of G. schomburgkiana 
Pierre. B is PCA of fermented juices of G. schomburgkiana Pierre. ABTS was expressed as radical scavenging 
activities, and FIC was expressed as ferrous ion chelating activities
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