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About the Journal

Overview

Pertanika Journal of Tropical Agricultural Science is an official journal of Universiti Putra Malaysia. It is an
open-access online scientific journal. It publishes the scientific outputs. It neither accepts nor commissions
third party content.

Recognised 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.

Pertanika Journal of Tropical Agricultural Science 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 for submission by authors from all over the world.

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. Currently, as an interdisciplinary journal of agriculture, the revamped
journal, Pertanika Journal of Tropical Agricultural Science now focuses on tropical agricultural research and
its related fields.

Vision

To publish journals of international repute.

Mission
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 90 days. The elapsed time from submission to
publication for the articles averages 180 days. We are working towards decreasing the processing time with
the help of our editors and the reviewers.

Abstracting and indexing of Pertanika

Pertanika Journal of Tropical Agricultural Science is now over 45 years old; this accumulated knowledge
has resulted in Pertanika Journal of Tropical Agricultural Science being abstracted and indexed in SCOPUS
(Elsevier), Clarivate Web of Science (ESCI), EBSCO, DOAJ, Agricola, ASEAN CITATION INDEX, ISC,
Microsoft Academic, Google Scholar, National Agricultural Science (NAL), and MyCite.

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 take seriously the responsibility of all its journal
publications to reflect the highest 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, available on the
official website of Pertanika.

Originality

The author must ensure that when a manuscript is submitted to Pertanika, the manuscript must be an
original work. The author should check the manuscript for any possible plagiarism using any program such
as Turn-It-In or any other software before submitting the manuscripts to the Pertanika Editorial Office,
Journal Division.

All submitted manuscripts must be in the journal’s acceptable similarity index range:
<20% — PASS; > 20% — REJECT.

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 an e-ISSN.

Pertanika Journal of Tropical Agricultural Science: e-ISSN 2231-8542 (Online).

Lag time
A decision on acceptance or rejection of a manuscript is expected within 90 days (average). The elapsed
time from submission to publication for the articles averages 180 days.

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

For manuscript preparation, authors may refer to Pertanika’s INSTRUCTION TO AUTHORS, available on
the official website of Pertanika.

Editorial process
Authors who complete any submission 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
sent to reviewers. Authors are encouraged to suggest names of at least 3 potential reviewers at the time
of submission of their manuscripts to Pertanika, but the editors will make the final selection and are not,
however, bound by these suggestions.

Notification of the editorial decision is usually provided within 90 days 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.

The journal’s peer review

In the peer review process, 2 or 3 referees independently evaluate the scientific quality of the submitted
manuscripts. At least 2 referee reports are required to help make a decision.

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.
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Operating and review process
What happens to a manuscript once it is submitted to Pertanika? Typically, there are 7 steps to the editorial
review process:

1.

The journal's Chief Executive Editor and the Editor-in-Chief examine the paper to determine
whether it is relevance to journal needs in terms of novelty, impact, design, procedure, language
as well as presentation and allow it to proceed to the reviewing process. If not appropriate, the
manuscript is rejected outright and the author is informed.

The Chief Executive Editor sends the article-identifying information having been removed, to 2 or
3 reviewers. They are specialists in the subject matter of the article. The Chief Executive Editor
requests that they complete the review within 3 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 research field.

The Editor-in-Chief examines the review reports and decides whether to accept or reject the
manuscript, invite the authors to revise and resubmit the manuscript, or seek additional review
reports. In rare instances, the manuscript is accepted with almost no revision. Almost without
exception, reviewers’ comments (to the authors) are forwarded to the authors. If a revision is
indicated, the editor provides guidelines to the authors for attending to the reviewers’ suggestions
and perhaps additional advice about revising the manuscript.

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 authors may also submit a rebuttal if there is a need
especially when the authors disagree with certain comments provided by reviewers.

The Chief Executive Editor sends the revised manuscript out for re-review. Typically, at least 1 of
the original reviewers will be asked to examine the article.

When the reviewers have completed their work, the Editor-in-Chief examines their comments and
decides whether the manuscript is ready to be published, needs another round of revisions, or
should be rejected. If the decision is to accept, the Chief Executive Editor is notified.

The Chief Executive Editor reserves the final right to accept or reject any material for publication,
if the processing of a particular manuscript is deemed not to be in compliance with the S.O.P. of
Pertanika. An acceptance notification is sent to all the authors.

The editorial office ensures that the manuscript 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 editorial office. 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 manuscript appears in the pages of the journal and
is posted on-line.
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Foreword

Welcome to the third issue of 2024 for the Pertanika Journal of Tropical Agricultural Science (PTAS)!

PJTAS 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 for the benefit of
the world-wide science community.

This issue contains 28 articles in which all are regular articles. The authors of these articles come
from different countries namely Brunei Darussalam, India, Indonesia, Japan, Malaysia and Vietnam.

The regular article entitled “Identification and Quantification of Cucurbitacins B and E in
Different Parts of Bitter Gourd Plants Derived from Different Planting Methods” determined
the different levels of cucurbitacins B and E in the plants from two different planting methods,
conventional and fertigation. Fruits, leaves, stems, and roots of bitter gourd plants from the
two different planting methods were harvested for extraction using the sonication extraction
method. The extract’s cucurbitacins B and E content were identified and quantified using high-
performance liquid chromatography. The outcomes concluded that plant parts and type of
planting method can affect the cucurbitacin content in bitter gourd. Full information of this
study is presented on page 843.

Suzan Benedick and her teammates from Universiti Malaysia Sabah examined better pollination
techniques to achieve acceptable fruit quality for red-fleshed pitaya production under local
climatic conditions. For this purpose, stingless bees (Tetragonula laeviceps), self-pollination,
natural pollination, and hand pollination were used. Forty flowers were observed to obtain data
on flowering phenology and fruit quality. They found out that the pollination by T. laeviceps
generally resulted in better fruit quality than natural pollination and hand pollination of the
non-native plant of red-fleshed pitaya, which indicates the integration of pitaya cultivation and
stingless bees is likely to improve the yield and quality of the fruits on the farm. The detailed
information of this article is available on page 955.

A selected article entitled “Identification of Phytochemicals and Mineral Nutrients of Selected
Malaysian Plant Extracts and Its Effects on Seed Priming of Maize” identified the phytochemical
compounds and quantify nutrients present in three plant extracts, namely Euphorbia hirta,
Polygonum minus, and Eleusine indica, as well as to explore the effect on the growth of maize
seedlings (Zea mays L.). Five concentrations of plant extracts, i.e., 5, 15, 25, 50, and 100%,
were designed to evaluate seed germination and priming. The results showed that E. hirta and
E. indica extracts exhibited inhibitory effects at higher concentrations, while P. minus extract
maintained a higher germination rate, indicating lower toxicity. Further details of this study are
found on page 1003.



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,
Editor-in-Chief and Editorial Board Members of PJTAS, who have made this issue possible.

PJTAS 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
Mohd Sapuan Salit
executive_editor.pertanika@upm.edu.my
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Investigating the Effects of Bamboo Vinegar as An Organic
Pesticide on Insect Pests and the Nutrient Content of Harumanis
Mango (MA128), Mangifera indica L.

Nurul Fatihah Abd Latip'*, Nurul Najihah A Khalib!, Nur Faezah Omar!,
Muhammad Sazri Azahri', Nur Nasulhah Kasim?, Mohd Saiful Akbar Mohamad
Sahal' and Mohammad Azizi Abdullah!

!Faculty of Plantation and Agrotechnology, Universiti Teknologi MARA Perlis Branch, Arau Campus, 02600
Arau, Perlis, Malaysia

’Faculty of Applied Sciences, Universiti Teknologi MARA Perlis Branch, Arau Campus, 02600 Arau, Perlis,
Malaysia

ABSTRACT

Chemical pesticides have been widely used in plantations, and their effects have more
disadvantages to the environment as well as to humans. Therefore, this study tries to
implement organic pesticides using bamboo vinegar. Bamboo vinegar is one of the organic
pesticides to control insect pests in plantation crops. The role of this organic pesticide on
the insect pests of Harumanis mango is still unknown. Hence, this study aims to determine
the impact of applying bamboo vinegar on the insect pests, quality, and nutrient content of
Harumanis mango (MA128). Bamboo vinegar was applied in February 2021 during the
flowering phase at the Harumanis plot in the Plantation Unit, Universiti Teknologi MARA
Perlis. This study used a randomized complete block design with three treatments (spraying
intervals) and three replications: T1 (3-day interval), T2 (5-day interval), and T3 (no
bamboo vinegar). Sticky traps were installed
to determine the population of insect pests
in Harumanis mango. Matured fruits have
been harvested, and the standard procedure

ARTICLE INFO
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determined for total phenolic content (TPC),
total flavonoid content (TFC), vitamin
C, and sugar content. Bamboo vinegar
significantly reduced the abundance of
insects in Harumanis mango. Additionally,
the highest TPC was observed from a 3-day
interval of bamboo vinegar application. A
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similar trend was indicated for improving
TFC with bamboo vinegar application.
Similarly, there was a significantly higher
vitamin C and sugar content after bamboo
vinegar application compared to the control
group. In conclusion, applying bamboo
vinegar to Harumanis mango reduced insect
pests and increased the quality and nutrient
content of the Harumanis mango.

Keywords: Bamboo vinegar, flavonoid, nutrient

content, sticky trap, vitamin C

INTRODUCTION

Demand for healthy fruit has promoted
farmers to produce products free from any
chemical synthetics such as fungicides,
pesticides, and weedicides that may affect
the environment and human health (Meena,
2015). The use of organic pesticides to
replace synthetic chemicals is an initiative
to minimize the use of chemical products
in agriculture management (Al-Ani et
al., 2019). Bamboo vinegar is an organic
product with various functions that may
help farmers control insect pests. It can
also be used as an organic foliar fertilizer.
The liquid form of bamboo vinegar is
extensively utilized in organic farming,
forestry, floristry, horticulture, animal
husbandry, and human healthcare. It
contains a variety of organic elements,
including organic insecticides effective at
preventing pest infestations, fostering plant
growth, improving nutrient uptake, lowering
fertilizer use, and encouraging compost
generation (Alias et al., 2020).

Due to rising demand and bamboo’s
adaptability as a source of wood products,
production has expanded today. In Malaysia,
Gigantochloa albociliata, sometimes
referred to as Buluh Madu, is a bamboo
species that frequently reaches its highest
size (Zhu et al., 2021). This bamboo is
typically pyrolyzed to make charcoal,
vinegar, tar, and other goods. This bamboo
helps produce organic products such as
vinegar for pest control and fertilizer (Yusoff
et al., 2021). Bamboo vinegar is a by-
product of condensed acidic bamboo carbon
liquid obtained during the manufacturing
of bamboo charcoal. It has a distinct smoky
aroma and a pale yellow to brown tint.
Bamboo vinegar contains over 200 chemical
components, such as organic acids, phenolic,
alkane, alcohol, and ester compounds (Mu
et al., 2000).

Agriculture-related sectors are crucial
for supplying food for human and animal
consumption. In Malaysia, Harumanis
mangoes (MA128), scientifically named M.
indica L., is one of the most famous mango
varieties due to its aromatic, sweetness,
fragrance, and price. The Department
of Agriculture Malaysia has registered
this mango as an MA128 variety clone
(Mahmood et al., 2011). Additionally, this
crop has been commercialized in Perlis,
Malaysia, where the geography is ideal for
fruit production in a hot and dry climate.
Uda et al. (2020) state that hot weather and
precipitation will impact flowering patterns,
fruit formation, and fruit development.
Harumanis mango will only bear fruit once a
year as a seasonal crop with proper planning
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and maintenance. The skin is bright green
with prominent light-yellow specks, and
the fruits are still green, even though they
are matured (Peng & Christian, 2005). It
has thick yellow pulp with no fiber, is soft,
and has high water content. The weight of
Harumanis fruit can be found from 300 to
700 g, with Brix readings ranging from
14° to 18°Bx (Mahmood et al., 2011).
The Harumanis tree is cultivated for its
edible flesh fruit and is a good source of
polyphenols, vitamin A, and vitamin C
(Talib et al., 2020).

Aziz et al. (2020) reported that the
fruit has a high total soluble solids (TSS)
value based on the sugar solution in mango
juices. The effects of bamboo vinegar on
plant growth and phytochemical content
were widely evaluated on other agricultural
plants but lacking on mango, especially
on Harumanis mango. Besides, according
to Meena et al. (2015), organic products
increase the nutritional value of vitamin and
mineral content. Furthermore, the vitamin
C content of tomatoes was enhanced after
spraying with bamboo vinegar (Yao et al.,
2012). In addition, the root length, plant
height, living biomass, and chlorophyll
content of tomatoes were increased with
bamboo vinegar application compared
to without spraying. Although research
has indicated bamboo vinegar improves
growing media properties and plant growth
on crops, the effects of bamboo vinegar on
the nutrient content of Harumanis mango
have not been reported. Thus, this study was
conducted to evaluate the effect of bamboo
vinegar on insect pests, nutrient content,
and quality of Harumanis mango (MA128).

MATERIALS AND METHODS

Sampling Procedures

This experiment was conducted at the
Harumanis mango planting site at the
Plantation Unit, Universiti Teknologi
MARA, Perlis. Harumanis crop was planted
in 2015 and is 67 years old. Bamboo
vinegar treatment has been applied during
the flowering season, from 14" February
2021 until 1% April 2021. This study used
a randomized complete block design
(RCBD) with three treatments (spraying
intervals), three replications, and four
experimental units. Harumanis mango trees
were labeled with three different colors of
tape to differentiate them according to their
treatment: green (3-day intervals), red (5-
day intervals), and yellow for control. The
yellow sticky trap was installed a day before
and after spraying to observe the insect
abundance after being treated with bamboo
vinegar. Yellow color has been chosen for
this study due to the color preferences of
insects (Bae et al., 2019). The population of
insects has been identified up to order levels
by referring to Borrow and Delong’s book
(Lugman et al., 2018).

Bamboo Vinegar Preparation and
Application

The concentrated bamboo vinegar (100%)
from Tadom Eco Living Sdn. Bhd.
(Malaysia) has been used in this study.
The 20% bamboo vinegar concentration
was prepared by diluting it with water in a
ratio of 1:5 for this experiment. A total of
200 ml bamboo vinegar concentration was
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prepared for 10 L of water. The spraying
process was conducted early morning
using a knapsack sprayer, sprayed fully on
Harumanis trees. The treatments have three
different time intervals of bamboo vinegar
application: 3 days (T1), 5 days (T2), and
without applied bamboo vinegar (control).
After treatment, the fruits were covered
with carbon wrapping bags to protect them
until harvest. After fruits fully matured, they
were harvested and underwent postharvest
treatment. Then, the fruits were analyzed for
their nutrient content.

Harumanis Mango Extraction

The ripened Harumanis mango have been
selected for nutrient analysis following
Oviasogie’s method (Rahman et al., 2007).
The fruits were analyzed for TPC, TFC,
vitamin C, and TSS. Mango fruit has
been cleaned, peeled, and cut into slices
for extraction to separate a particular
chemical from a larger complex compound.
The fruit samples of each treatment were
homogenized using mortar and pastel,
recorded weight, and fruit samples required
to be macerated in methanol for 24 hr at
room temperature. The extracts were filtered
under vacuum conditions, and the residue
was repeatedly extracted with the same
solvent until colorless. A rotary evaporator
was used to remove methanol from the
extract solution.

Determination of TPC

The TPC of fruits was evaluated by drawing
a calibration curve using gallic acid as the
standard of reference. A test tube containing

9 ml of deionized water was filled with 1
ml of sample and 1 ml of a standard gallic
acid solution (R&M Chemicals, Malaysia).
Deionized water was also used to prepare
the blank. The Folin-Ciocalteu reagent
(R&M Chemicals, Malaysia) has been
added to the solution and stirred with a
value of 1 ml. The solution was then mixed
with 10 ml of 7% sodium carbonate (R&M
Chemicals, Malaysia) and incubated for 2
hr. A UV-visible spectrophotometer with
a wavelength of 760 nm has been used
to determine the absorbance of the TPC
(Rahman et al., 2007).

Determination of TFC

TFCs were determined using a quercetin
standard curve following the method of
Mahmood et al. (2011). Flavonoid content
has been determined using a UV-visible
spectrophotometer. A sample with a value
of 1 ml was added and mixed with 3 ml of
95% ethanol (R&M Chemicals, Malaysia) in
a test tube. Then, 0.2 ml of 10% aluminum
chloride (R&M Chemicals, Malaysia) was
mixed and left for 5 min. Then, 0.2 ml
of potassium acetate (R&M Chemicals,
Malaysia) and 5.6 ml of deionized water
were added and made up to 10 ml. A UV-
visible spectrophotometer was used to
measure the solution’s absorbance at 415
nm after it had been incubated at room
temperature for 30 min.

Determination of Vitamin C Content

All samples of fruits were properly
washed with deionized water before the
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extraction procedure to remove any cling
impurities. Five (5) g of material was
carefully weighed and pulverized in a
mortar and pestle after being treated with
10 ml of 4% oxalic acid (R&M Chemicals,
Malaysia). The mixture was then crushed
and strained four times through muslin
fabric. In a standard flask, the extract was
prepared up to 25 ml with 4% oxalic acid
(R&M Chemicals, Malaysia), and all the
samples were processed similarly. The 2,
6-dichlorophenol indophenol (DCPIP)
titration method calculated the ascorbic
acid content of mangoes. In preparation
for the standard solution, 5 ml of ascorbic
acid (R&M Chemicals, Malaysia) working
standard (500 pg/5 ml) and 10 ml of 4%
oxalic acid (R&M Chemicals, Malaysia)
were pipetted into a tube bottle. The contents
of the tube bottle were titrated against the
dye solution (DCPIP) V1 until a faint pink
color appeared, which lasted a few minutes.
Similarly, 5 ml of the test sample was
titrated against the dye solution (DCPIP) V2
(Sani et al., 2018). The ascorbic acid content
present in the test samples was determined
using the formula:

Amount of ascorbic content (mg/100 g)

_ 500xV2x25x100
V1ix5x5

where, V1 = Amount of dye consumed
by 500 pg of standard; V2 = Amount of dye
consumed by 5 ml of a test sample; 25 =
Total volume of the extract; 100 = Ascorbic
acid content/100 g of the sample; 5 = Weight
of sample taken; 5 = Volume of the test
sample taken for titration.

Determination of Sugar Content

The TSS, or sugar content, measures
the fruit’s carbohydrates, organic acids,
proteins, lipids, and minerals. The sugar
content of Harumanis fruits was determined
using Sani’s method (Mahmood et al.,
2011). It is determined by measuring the
fruit’s Brix degrees. A volume of 1 ml from
homogenized fruits was determined for TSS
value using a refractometer.

Statistical Analysis

The data were analyzed using a paired #-test
to determine the significant effect of bamboo
vinegar on the insect pests of Harumanis
mango. Analysis of variance (ANOVA) and
mean comparison Tukey’s test at P < 0.05
were done to quantify the nutrient content of
Harumanis mango after being treated with
bamboo vinegar. All the analyses were done
by using SPSS software (version 26).

RESULTS AND DISCUSSION

Insect Abundance

Figure 1 shows the total insect abundance
before and after being treated with bamboo
vinegar. A total of 508 individuals were
collected in this study, comprising 5
orders and 11 families. Diptera was the
highest insect order, with 229 individuals,
and Orthoptera was the least, with 28
individuals. Ceratitis cosyra (Walker),
Ceratitis silvestrii, Ceratitis quinaria
(Bezzi), and Bactrocera invadens are four
fruit fly species most commonly found in
this study. Vayssieres et al. (2008) reported
a comparable outcome with mango trees in
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differences using a paired ¢-test at p < 0.05. Error bars
indicate the standard error of means
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Paired #-test results indicate that there
was a significant difference between sprayed
and unsprayed bamboo vinegar on insect
abundance in the Harumanis mango plot
(t =3.56, p < 0.05) (Figure 2). Peng and
Christian (2005) reported that organic
treatment using organic insecticides can kill
more fruit flies than biological treatment,
which is the weaver ant treatment.

Spraying Intervals of Bamboo Vinegar

The 2-sample ¢-test result demonstrates
that there was no significant relationship
between spraying intervals of bamboo
vinegar and insect abundance on Harumanis
plot (¢ = -1.50, p > 0.05) (Figure 3).
However, 3-day spraying intervals have
lower insect abundance even though there
was insignificant in which the bamboo
vinegar had a better effect on shorter
intervals compared to long intervals.
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Nutrient Content of Harumanis Mango
Fruit

Total Phenolic Content (TPC)

The Folin-Ciocalteu reagent assay method
was used to determine the TPC, and that
amount is equivalent to the calibration
curve (y = 0.1159x + 0.1232, R? = 0.95).

The TPC of Harumanis mango affected
by bamboo vinegar application is shown
in Figure 4. In this study, bamboo vinegar
application at a 3-day interval (T1) shows
significantly higher TPC in Harumanis
mango as compared to other treatments.
TPC was 13% higher with 3-day intervals
(486.02 mg GAE/100 g) than without
bamboo vinegar application (422.32 mg
GAE/100 g).

The results of TPC obtained from this
experiment are within the range (400-
700 mg GAE/g) of the previous study
conducted by Agatonovic-Kustrin et al.
(2018). According to previous studies,
the cultivar, crop, and ripening stage all
influence the content and properties of
phenolic acids (Burton-Freeman et al.,
2017). Bamboo vinegar has a beneficial
effect on the nutrient content in Harumanis
mango fruits after showing improvement

600
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Control (without BV)

Spraying intervals of bamboo vinegar

Figure 4. Total phenolic content of Harumanis mango as affected by bamboo vinegar application

Note. The different letters represent the significant differences using one-way ANOVA at p < 0.05. Error bars

indicate the standard error of means
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in TPC. In this study, Harumanis mango
harvested from the tree without bamboo
application shows significantly lower TPC
because the pyroligneous acid (PA) in
bamboo vinegar has been shown to increase
crop growth, enhance soil quality, and lessen
the impact of insect pests and plant diseases
(Léchaudel & Joas, 2007). In addition,
more than 200 chemical compounds
have been found in bamboo vinegar, with
organic acids, phenolic chemicals, carbon
substances, alcohol, neutral materials, and
base acidic substances (Oviasogie et al.,
2009). This treatment may affect the growth
of Harumanis mango trees and influence
the amount of nutrient content in mangoes,
where a tree treated with bamboo vinegar
shows higher TPC than an untreated tree.

Antioxidants, structural polymers
(lignin), attractants (carotenoids and
flavonoids), UV filters (flavonoids), signal
molecules (flavonoids and salicylic acid),
and defensive response substances (tannins
and phytoalexins) are all examples of plant
phenolic compounds. Phenolics are plants’
most prevalent secondary metabolites and
the entire metabolic process. These phenolic
substances are frequently connected to the
defense mechanisms of plants. Increased
pollination, color for camouflage, defense
against herbivores, and antibacterial and
antifungal properties are some additional
phenolic metabolite-related functions (Mu
et al., 2004).

TFC of Mangoes
The aluminum chloride colorimetric test
method was used to calculate the TFC and

the total flavonoid equivalent from the
calibration curve (y = 0.0069x +0.0149, R*>=
0.98). As shown in this study, the application
of bamboo vinegar has a positive effect on
TFC (Figure 5). The highest amount of TPC
(36.79 pg/mg QAE) was obtained from
T1 at 3-day intervals after being treated
with bamboo vinegar. However, there is no
significant difference between the interval of
bamboo vinegar application. As from Figure
5, T3 (without bamboo vinegar application)
shows a significantly lower amount of TFC
(25.37 pg/mg QAE) compared to other
treatments. The total amount of flavonoid
was higher by 31% from T1 (3-day interval)
than without bamboo vinegar application.
Plant vinegar and wood vinegar
are becoming more popular as organic
products. These organic products share
the same production process as bamboo
vinegar. The previous study shows that
wood vinegar may prevent stimulating
pathogenic fungus growth (Chuaboon et
al., 2016). The 2-phenyl-benzopyrene or
flavan nucleus, made up of two benzene
rings connected by a heterocyclic pyran
ring, is flavonoids’ most fundamental
structural component. Antifungal activity
is one of these substances’ biological and
pharmacological properties (Lashari et al.,
2013). The effect of vinegar will enhance
phytochemical change and simultaneously
become an organic fungicide for plants.
This change has affected flavonoid content
to ensure plants have an excellent defense
to prevent disease in crop growth.
Flavonoids are the polyphenols that are
most prevalent in human diets. Flavonoids
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Figure 5. Total flavonoid content of Harumanis mango as affected by bamboo vinegar application

Note. BV = Bamboo vinegar; the different letters represent the significant differences using one-way ANOVA
at p < 0.05. Error bars indicate the standard error of means

were once considered vitamins and were
known by names like vitamin P and vitamin
C. Many fruits and vegetables contain
quercetin, the most prevalent flavanol in
the human diet. Catechin, epicatechin,
quercetin, isoquercetin (quercetin-3-
glucoside), fisetin, and astragalin are all
flavonoids present in mangoes. Quercetins
and other flavonoids significantly influence
the coloring of various fruits, flowers, and
vegetables during ripening. Furthermore,
mango peels have more flavonoids than
mango pulps (Masibo & He, 2008).

Vitamin C Content

Applying bamboo vinegar increased the
vitamin C content in Harumanis mango
(Figure 6). A similar trend was observed with
TFC, where there was a significantly higher
vitamin C content for T1 (3-day interval)
and T2 (5-day interval) as compared to

control (without bamboo vinegar). The
result shows that vitamin C content in
Harumanis mango of T1 (53.33 mg/100
g) was increased by 17% as compared to
without bamboo vinegar (45.55 mg/100 g).
In addition, there is no significant difference
between 3- and 5-day intervals of bamboo
vinegar application on TFC in Harumanis
mango.

The most significant dietary sources
are fruits and vegetables because they
contain phytochemicals, including phenol,
vitamin C, and flavonoids, which can help
maintain good health. These phytochemicals
are necessary nutrients that are also found
in fruits and vegetables. In this study,
the amount of vitamin C in Harumanis
mango increased after treatment with
bamboo vinegar. This result is supported
by a previous study where bamboo vinegar
positively increases vitamin C content and
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Note. BV = Bamboo vinegar; the different letters represent the significant differences using one-way ANOVA
at p < 0.05. Error bars indicate the standard error of means

plant yield. The concentration of bamboo
vinegar also plays an important factor, as
higher concentrations provide a higher
change value of vitamin C (Mun & Ku,
2010). It also stated that bamboo vinegar
helps increase plant quality and yield. Plant
variety, weather and climate conditions,
cultivation technique, production factor,
plant growth and health, maturation stage,
fruits handled, and storage all influence the
quantity of ascorbic acid in fruits (Dar et
al., 2016). The benefit of bamboo vinegar
is that it promotes plant growth and, at the
same time, increases nutrients in Harumanis
mango crops.

Sugar Content
The application of bamboo vinegar shows
a positive effect on total soluble sugar in

Harumanis mango (Figure 7). Sugar content
from T1 (3-day interval) shows a significant
difference (p < 0.05) compared to control
(without bamboo vinegar). However, there
is no significant difference between T2 (5-
day interval) and control. The mean sugar
content for Harumanis mango for T1 reaches
up to 14.8%, T2 with a value of 14.3%, and
T3 with a value of 13.1°Brix (Figure 7).
Mangoes are rich in carbohydrates, with
60% of the fruit containing sugar and acids.
Mangoes have a major component that
contributes to their sweetness and acidity.
The quantity of carbohydrates trees provide
is determined by the number of trees created
by photosynthetic leaves (Lin et al., 2016).
Bamboo vinegar has been used to develop
crops, vegetables, and forest plants, and it
has been examined. A healthy plant will
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Figure 7. The sugar content of Harumanis mango as affected by bamboo vinegar application

Note. BV = Bamboo vinegar; the different letters represent the significant differences using one-way ANOVA
at p < 0.05. Error bars indicate the standard error of means

provide a high process of photosynthesis
to increase its mechanisms and, at the same
time, can increase the sweetness of fruits.

An investigation has been done into the
effects of wood vinegar only and a mixed
combination of wood vinegar with different
treatments, such as gibberellin (T1), sodium
D-gluconate (T2), and melatonin (T3),
on the rapeseed plant. As a result, the net
rate of photosynthesis increased during
the seedling and blooming periods. The
net photosynthetic rates with treatment M,
T1, T2, and T3 treatments at the seedling
stage were 9.40%, 26.96%, 19.07%, and
14.92%, respectively, greater in two years
than the control (water). Over two years,
the blooming stages grew by an average
of 12.81%, 21.29%, 19.07%, and 22.32%
(Vayssieres et al., 2008).
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CONCLUSION

In this study, the bamboo vinegar treatment
with 3-day intervals (T1) is the most suitable
treatment for reducing the insect abundance
and enhancing the nutrient content and
quality of Harumanis mango (MA128),
M. indica L. Applying bamboo vinegar
affected the quality and nutrient content of
Harumanis mango positively. It has shown
a positive effect on the nutrient content
of Harumanis mango compared to other
treatments. Bamboo vinegar application
improved the TPC, TFC, vitamin C,
and sugar content in Harumanis mango.
According to several studies have shown
the effectiveness of plant development
after being treated with bamboo vinegar.
The increasing mechanism could be that
the major components in bamboo vinegar
cause the plant to produce hormones in
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trace amounts or increase photosynthesis
in the leaves, which regulates the plant’s
development. Overall, the increased effect
could be a synergistic effect of bamboo
vinegar on plant growth.
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ABSTRACT

Alternate wetting and drying irrigation (AWD) is a promising technique that has been tried
across Southeast Asia to reduce water consumption and methane emissions in irrigated
rice cultivation. The study conducted in the upper Vietnamese Mekong Delta compared
the effectiveness of plant growth, yield components, and yield under three different water
application regimes: the treatments of community AWD (AWD_C), household individually
(AWD_H), and continuous flooding (CF) with the expectation to explore the ability to
use water effectively in rice cultivation. The results showed no significant difference in
water use between the three treatments. However, there was a considerable difference
in coefficient of variation value (CV); the CV value of the water column in the AWD C
(1.32%) was a significant difference from that of AWD H (0.87%) and CF (0.89%). The
mean chlorophyll content, the yield, and the weight of 1,000 grains of the AWD _H treatment
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AWD C is inferior to the AWD H due to
the large variation of field elevation. It is
noted that field elevation is critical to the
technique’s success in being applied on a
large scale.

Keywords: Alternate wetting and drying technology,
continuous flooding, rice yield, the Mekong Delta,

Vietnam, water productivity

INTRODUCTION

With the awareness of accelerating global
climate change and ecological degradation,
Southeast Asian states are grappling with
worsening water insecurity, particularly
in river delta regions, which form critical
agricultural production and food security
centres. The Mekong Delta of Vietnam
provides more than 50% of the country’s
rice production and more than 90% of
rice exports, making it crucial to the
nation’s economy. However, the delta faces
multiple problems related to water resources
insecurity, including worsening incidents
of flooding, drought, and riverbank erosion
driven by external/cross-border and local
causes and processes (Boretti, 2020; World
Bank [WB], 2022). One of the growing
concerns is the increasing severity of water
scarcity in the Delta, as surface water
becomes more constrained and demand
from agriculture and other sectors spirals
basin-wide. In short, periods of drought are
becoming more common in the Mekong
region. Public irrigation providers and
individual farmers find it harder to guarantee
enough water for rice crop provision,
especially in the dry season.

In this context, agencies responsible
for water provision to rice farmers are
increasingly keen to introduce techniques
that might reduce irrigation water
consumption and improve efficiency without
hurting yields or farmer income. In theory,
such water conservation efforts would free
up more water supply for other downstream
users and provide beneficial environmental
flows (recognising the needs of the wider
ecosystem and biodiversity in a river
system, from both a water quantity and
quality perspective) in the river system.
Thus, water and agricultural research
institutes across Asia have been testing a
novel water-saving technique, AWD, which
has shown some promise in lowering on-
farm water use in irrigated rice cultivation,
while reducing emissions of greenhouse
gases (GHG) and not negatively affecting
crop yields. Agriculture is the second largest
contributor to global GHG emissions,
accounting for 24% of total emissions
(Adounkpe et al., 2021). In the agricultural
sector, paddy rice cultivation is one of the
most important sources of anthropogenic
emissions of GHGs, thus making it a high
priority to introduce methods to mitigate
its significant impact (Arunrat et al., 2018).

A review of adoption trials across eight
Asian countries (Lampayan et al., 2015)
found that irrigation water usage had been
reduced by up to 38% under AWD with
no reduction in crop yield. Another study
has suggested that AWD techniques helped
to reduce freshwater use by 15-30%,
methane emissions by about 30% compared
to traditional flood irrigation techniques
(Tivet & Boulakia, 2017) and, in some

606 Pertanika J. Trop. Agri. Sci. 47 (3): 605 - 619 (2024)



Performance of Alternate Wetting and Drying Irrigation Technology

cases, increased rice yields by 0.1-0.5 ton/
ha (Nhan et al., 2013), and 0.7 ton/ha (Tin
et al., 2015). AWD has been considered
a “climate-smart” method, one of several
potential tools to help rice farmers adapt
to water shortages under more uncertain
and extreme weather conditions (Allen &
Sander, 2019). The benefits of AWD are
reported to have been widely recognised
by farmers in the Philippines: Palis et al.
(2005) have claimed AWD saves water,
time, and labour due to lesser expenditure,
produces heavier 1,000-grain weight due to
larger grains with good shape, and less pest
problems. In An Giang Province, Vietnam,
one study stated that AWD reduced water
usage by 15-40% (Yamaguchi etal., 2016).
As far as economic benefits go, based on
a “with” or “without” AWD trial in the
Mekong Delta, Lampayan et al. (2015)
reported that farmers’ incomes had increased
by 17%, with decreased costs of water
pumping. They concluded that, in general,
and when applied correctly, AWD provided
a high rate of return on investment both at
the farm level and for research organisations
experimenting with the technology, with an
average benefit-to-cost ratio of 7:1.

Much research remains to be done
to reliably measure the benefits of AWD
and encourage adopting these practices at
the scale needed, as at present, they have
only been applied at a relatively small
and localised scale, and not all risks or
downsides have been identified. Previous
studies have pointed to some potential
drawbacks to applying AWD. The case in
the paddy field of Padang Raja Kelantan,
Malaysia, showed that it may be due to a

lack of information, awareness, expertise,
and successful experimental evidence (Ilahi
etal., 2022). Farmers in the Philippines and
Vietnam reported problems with rats when
they used AWD (Quynh & Sander, 2015;
Smedley, 2017) and weeds (Tirol-Padre et
al., 2018). Furthermore, applying AWD on
arelatively small scale to a few paddy fields
within a larger irrigated block can make
precise water management difficult, as there
may be seepage from surrounding fields and
coordination of water flows for the AWD
practising farmers may be problematic.

These observed problems may be a
limiting factor to the wider adoption of
AWD in the Mekong Delta. Thus, to test
the purported benefits of AWD for small-
scale farmers within the Mekong Delta, a
trial to measure the rice yield and water
productivity of the technique over one dry
season crop with two different treatments
of AWD’s applicability and control was
arranged to understand how practical and
productive this water saving technique
would prove under actual farm-based
conditions, and what were the limitations
or obstacles to its application.

MATERIALS AND METHODS

Research Site and Experimental Design

The trial was carried out in Vinh Trung
Commune, Tinh Bien district of An Giang
province in the Upper Mekong Delta
(Figure 1). This predominantly rural
area is populated with Kinh and Khmer
villagers. They practice farming as their
main livelihood; the average farm size is
approximately 1.3 ha/household.
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Figure 1. The map of Vietnam and the study area in Tinh Bien district, An Giang province

Note. Prov. = Province; Dist. = District

After consultation with the head
of the Tinh Bien Agriculture and Rural
Development office, the trial sites located in
the complete dike area were agreed upon. It
was in a deltaic floodplain area enclosed by
full dikes that protect the land from seasonal
floods and allow for triple rice cropping. The
field experiment was implemented with the
cooperation of three groups of households:
Group 1 (the control) consisted of three
farmers who use the standard local irrigation
application regime of continuously flooded
fields throughout the crop cycle (the control
treatment), with their land occupying a total
area of 3,240 m?, hereafter called continuous
flooding (CF, coordinates 10.556632°N,
105.024844° E); Group 2 consisted of
three farmers applying AWD individually
(the fields separately were irrigated by
standard methods) with their land occupying

a total area of 6,480 m?, hereafter called
AWD_H (coordinates 10.557766° N,
105.027514° E); and Group 3 was made up
of four households with adjacent fields all
cooperatively applying AWD, with a total
area of 12,960 m?, hereafter called AWD C
(coordinates 10.556018° N, 105.026574° E).
All households grew rice variety OM18 (a
high yield variety with a growth period of
about 95-100 days, a hybrid combination of
the variant OM 8017 and OM 5166), sowed
on the same date, January 14, 2022, at a
density of 150 kg of paddy seed/ha. It is a
short-cycle rice variety from the Cuu Long
Rice Research Institute of Vietnam. At this
time of year, there is a low probability of
rainfall. During the experimental period, it
rained 13 times with an average rainfall of
10.08 mm, so crops almost entirely depend
on the state-managed irrigation system.
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Water Management In-field Trial
Treatments

Irrigation water is provided by electric
pumping stations that lift water from large
secondary canals into a field network of
tertiary and quaternary canals. The pumping
station operates once every seven days to
provide water for the whole area. Separate
bunds and the farmers’ surrounding rice
fields decide the water height within each
block of fields. In the trial, there were three
types of water management as follows:

For the CF group, the field was flooded
continuously from 7 to 76 days after sowing
(DAS), according to local farmers’ standard
irrigation application regime.

Treatments AWD H and AWD_C: The
fields were flooded continuously from 7 to
17 DAS, then an irrigation regime of the
alternate flood (three times at 40, 50, and
73 DAS) and drying periods were applied to
harvest by blocking the inflow channel and
diverting water to other fields. The water
level in the field was monitored for these
two treatments using a polyvinylchloride
(PVC) pipe with a diameter of 20 c¢m, a
height of 30 cm, and a perforated wall with
multiple holes of 3 mm diameter to ensure
that water was able to move freely through
the pipes. Each participating household
installed three plastic pipes in their field
at different locations to monitor the water
level and let farmers know when to reapply
irrigation water. The pipes were installed
into the ground at a depth of 20 cm from the
ground level so the sub-surface water level
could be easily observed and recorded, with
details of the irrigation regime outlined in
the section below.

Data Collection and Analysis
The following parameters were measured:

Soil Sample Analysis. The experimental area
is on a soil type of Orthi Haplic Arenosols.
Three soil samples were taken to represent
each treatment and explore its capacity to
store water related to the soil structure. Five
sub-samples were collected within each
treatment by travelling in a zig-zag pattern
across the fields. Sub-samples were taken
at a depth of 20 cm and then mixed well to
make a combined 1 kg sample. The soil was
analysed following these methods: Robinson
method for soil texture (analysed at Can Tho
University, Vietnam); total nitrogen (N),
phosphate (P), and organic matter (OM)
analysed at An Giang University, Vietnam
by different methods, including the Kjeldahl
method, colourimetric method, and atomic
absorption spectroscopy (AAS).

Water Column Depth. A plastic ruler of 50
cm was used to measure the water column
depth. It was measured once every three
days while water was in the field. The water
depth was measured from the ground level
for the CF treatment. Treatments AWD_C
and AWD_H were measured similarly to
CF when standing water was in the fields,
but when the water level was below ground
level, the water column depth was measured
inside the installed plastic pipes.

Growth, Yield, and Yield Components.
Each treatment was tested using a square
metre bamboo frame with three replicates
held together by string. Five rice clusters
were selected for growth and biological
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characteristics data collection in each frame.
The height of rice plants was measured
weekly with a plastic ruler from the ground
to the top of the tallest leaf. Chlorophyll
content was determined by a soil plant
analysis development (SPAD-502) meter,
measuring the highest fully developed
leaf at 3 points of its blade. From this, an
average of the data taken at the top, middle,
and bottom positions was calculated. At
harvest time, all the shoots in the frame were
measured for height and yield component
parameters, including number of shoots,
spikelet number/panicle, filled grain/panicle,
and unfilled grain/panicle. The yield was
calculated based on farmers’ data at harvest
time (checked the grain humidity from the
provided samples).

SPSS 20 software was used to analyse
one-way analysis of variance (ANOVA)
treatment, and a Duncan’s multiple range
test at a 5% significance level was used to
compare water management treatments.

RESULTS AND DISCUSSION

Soil Characteristics of the Study Area
The soil of the study area had a medium
OM content of 6.36%. Total nitrogen,

Table 1
Soil characteristics of the study area

phosphorus, and exchangeable potassium
were 0.20, 0.02, and 0.10%, respectively
(Table 1). In terms of soil texture, it averaged
45.54% sand, 34.40% silt, and 20.06%
clay. The soil type of the study area is
classified as sandy loam due to an almost
equal proportion of sand, silt, and/or clay
in the samples. Soil texture composition
determines the degree of water absorption
and permeability, thus affecting the potential
degree of control of water levels in clay soil,
causing poor infiltration resulting in water
logging, soil salinity, and reduced biological
activity. On the other hand, sandy soil gives
high infiltration, leading to low water-
holding capacity and poor nutrient retention
(Dhindsa et al., 2016). It implies that the
soil of the study can absorb less water and
casily lose water. That means that if AWD is
applied in the research area, more irrigation
water is expected; however, it depends on
the quality of the bunds. In this study, the
farmers took care of the bunds well, and the
problem of water leaking was avoided.

Changes in Field Water Column Depth in
Response to Irrigation Water Application
After initial sowing, all three comparative
treatments were irrigated similarly,

Soil chemicals

Soil texture

Sample OM

N P K kxchangable Sand Silt Cla
oo O gl 0 (meql00y (%) (%) vy Tve
6.00 0.19 0.03 0.08 48.90 38.44 12.66 -
2 7.21 0.24 0.02 0.16 32.09 34.16 33.75 -
3 5.86 0.17 0.02 0.07 55.64 30.60 13.76 -
Average 6.36 + 0.20+ 0.02+ 0.10+ 45.54+ 34.40+ 20.06+ Sandy
0.30 0.08 0.03 0.17 1.73 0.63 3.34 loam

Note. OM = Organic matter; N =Total nitrogen; P =Total phosphate; Kgycnanenie = Exchangeable potassium
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specifically at 10 and 17 days after sowing,
as shown in Figure 2. From 22 days DAS
to harvest, there were three irrigation
applications for AWD C and AWD H (at
37,52,and 70 DAS), while the CF treatment
received six irrigation applications. In terms
of water column height, all three treatments
were identical during 17 DAS with a value
of 9-10 cm water column height but varied
considerably after that. From 22 DAS, the
CF treatment ranged from 3 cm minimum
to 15 cm maximum water depth. The
AWD_ C and AWD_H treatments followed
similar water column depth value trends,
with the maximum at about 5 cm and the
minimum measured at about 20 cm below

20

surface level. Controlling water depth
depended on prevailing weather conditions,
surrounding irrigation applications and soil
properties (Tirol-Padre et al., 2018). The
results of this study are quite different from
the study of Tin et al. (2015), with seven
watering times. The number of irrigation
applications/crops for AWD depends on
factors such as temperature (related to
evapotranspiration), quantity of rainfall, and
soil texture (determining the infiltration rate)
(Hu¢ et al., 2016). Unfortunately, neither
this study (Tin et al., 2015) recorded air
temperature or humidity during the research
period.

15

10

10 17

Water Level (cm)
o

-25

—AWD_C —AWD_H —CF

Day after sowing (DAS)

Figure 2. Changes in field water level over time to harvest

Note. AWD_C = Treatments of community; AWD_H = Household individually; CF = Continuous flooding

According to Kumar and Rajitha (2019),
irrigation requirements vary from place to
place, depending on local conditions, but
are reported to be usually in the range of
900-2,250 mm per rice crop (equivalent to

9,000-22,500 m*/ha). The volume of water
applied in this trial varied from about 7,200
m?/ha for AWD_C and AWD H up to 7,500
m3/ha for CF (Figure 3), which appears
considerably lower than previous research
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7400 a

7200

Water amount (m3/ha)
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AWD_C

AWD_H CF

Type of water management

Figure 3. The water irrigation amount in each treatment

Note. AWD_C = Treatments of the community; AWD_H = Household individually; CF = Continuous flooding;
The same letters indicate a similar between the treatments at a 5% confidence limit

results reported in the above research.
Our research did not consider the initial
water volume required for soil preparation,
which Kumar and Rajitha (2019) report
about 1,500 to 2,000 m3/ha. No significant
water use difference was found between
the treatments in this study. However, there
was a considerable difference in variation
of water column between treatments, e.g.,
the AWD_C treatment showed a coefficient
of variation (CV %) of water column height
was up to 1.32%, which was significantly
higher than that of the CF and AWD H
treatments with a CV% of 0.89 and 0.87%,
respectively (Figure 4). According to actual
observations, the water column height of the
AWD C treatment was not equal across the
survey points.

This discrepancy is due to different field
elevations between the survey sites, which
may have affected the growth and yield of

rice. A previous study demonstrated that
decreased starch content in matured grains
was explained that the shortening of grain
filling stage under drought stress resulted in
early plant senescence and decreased yield
of rice under drought was more serious
in susceptible variety (IR64) than tolerant
genotype (N22) (Prathap et al., 2019).
Elevation of the field level is an essential
factor in applying AWD, particularly at the
community level, to avoid a lack of water
in the needed stages of growth.

Effects of Water Management on
Growth, Yield Composition, and Yield
of Rice

From 22 to 50 DAS, the rice plant height
was similar across all three treatments
(Table 2). However, at the flowering stage,
the average height of rice plants in the CF
treatment reached 78.61 cm, significantly
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0.2

0.0

AWD_H

Type of water management

CF AWD_C

Figure 4. Variation of the water column in each treatment during measurement times

Note. AWD_C = Treatments of community; AWD H = Household individually; CF = Continuous flooding;
CV (%) = Coefficient of variation; Different letters indicate a significant difference between the treatments at

a 5% confidence limit

taller than AWD_H at 5% confidence limit,
but not significantly different from the
AWD_C treatment. In the CF treatment, the
water column in the field was always higher
than that of the other two treatments (Figure
2), which could explain the greater height
of rice plants at the panicle initiation stage.

The SPAD index is used as an indicator
of the nitrogen concentration in the leaves

Table 2

of plants, including rice. Nitrogen in leaves
is obtained by absorption from the soil.
Previous research has shown that SPAD
Value increased with increasing N level
and growth stages to the flowering stage
(Singh et al., 2020). Other research showed
that there was a strong correlation between
the nitrogen content of rice leaves and
SPAD values at 45, 55, and 65 days after

Effect of water management regime on plant height (cm)

Irrigation Day after sowing
treatment 22 29 36 43 50 57
AWD_C 31.83 47.44 51.06 52.06 58.50 72.06ab
AWD_H 36.33 44.50 52.11 55.06 58.94 69.44b
CF 36.67 44.56 56.44 61.78 64.50 78.61a
CV (%) 7.10 7.21 5.41 7.06 7.37 4.89
Sig. ns ns ns ns ns *

Note. AWD_C = Treatments of community; AWD_H = Household individually; CF = Continuous flooding;
Sig. = Significance; ns = Non-significant; In the last column, different letters indicate a significant difference

between treatments at 5% (*)
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transplanting (Suresh et al., 2017), and rice
leaves with a higher SPAD index (>35)
indicated higher chlorophyll and nitrogen
content (Islam et al., 2009).

In this study, when comparing the
two AWD treatments, it was found that
the AWD _H treatment had a considerably
higher SPAD index than that of AWD C at
22,43, and 57 DAS. For the average SPAD
index, the results showed that AWD_ H
gave the highest value (33.85+0.63), which
was significantly higher than both AWD C
(31.84+0.25) and CF (31.63%0.73), although
the amount of fertiliser applied was the same
with each treatment. A difference in the
SPAD index of rice between CF, AWD C,
and AWD_H treatments was measured,
meaning that rice absorbed different nitrogen
levels from the soil under different water
regime conditions due to differences in
uniformity between AWD H and AWD C
(Figure 4). The results of previous studies
claimed that the soil in AWD condition
creates favourable conditions for the release
of more nitrogen compared to the CF state,
specifically in the period from sowing to 14

Table 3

days for ammonium (NH,") and 14-28 days
DAS for nitrate (NO5") being made available
to plants during the drier periods (Pong et
al., 2018).

Unfortunately, in our experiment, the
total nitrogen of the investigated soil (Table
1) as baseline nitrogen was studied; nitrogen
available during the experimental period
should have been analysed to observe the
relationship between nitrogen available and
the SPAD index. It is the weakness of our
study. The results from our study indicated
that the SPAD value changed over time for
each treatment, and the differences were
found to be statistically significant between
the treatments at 22, 29, 43, and 57 DAS
(Table 3). The AWD_H treatment reached
a SPAD index of 37.91 (at 22 DAS), 34.74
(at 29 DAS), and 34.63 (at 57 DAS), which
were significantly higher values than that
of CF.

According to an earlier study, rice yield
under AWD conditions was significantly
lower than CF (Chapagain & Yamaji, 2010)
because drought stress at the flowering stage
is recognised to have a strong influence on

Effect of water management on soil plant analysis development index in rice leaves

Irrigation Day after sowing
Average
treatment 22 29 36 43 50 57
AWD_C  32.22+036b  35.56+1.39a 29.32+1.46 28.20£066b  33.36£1.49 32.35£1.06ab  31.84+0.25b
AWD H 3791+1.09a  34.74+0.10a  33.69+1.23 31.66+0.70a 30.44+1.78  34.63+ 1.22a  33.85+0.63a
CF 33.93£1.35b  28.46+0.85b  31.15£1.62 31.94+1.09a 34.63+4.14  29.65+0.88b  31.63+0.73b
CV (%) 5.09 4.95 7.97 4.75 14.47 5.71 3.07
Slg * kK ns * ns * *

Note. AWD_C = Treatments of community; AWD_H = Household individually; CF = Continuous flooding;
CV (%) = Coefficient of variation; Sig. = Significance; ns = Non-significance; In the same column, different
letters indicate significant difference between treatments at 5% (*) and 1% (**) confidence limits, respectively
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rice physiological traits and yield (Yang et
al.,2019). Another study showed a negative
relationship between soil moisture and
unfilled grains, with the lowest unfilled
grains detected when soil moisture was at -30
kPa (Ullah & Datta, 2018). As noted earlier,
using AWD under field conditions causes
water levels to fall below surface level,
which can provide favourable conditions
for weeds to grow, which compete for soil
nutrients and for rodents to eat the rice
plants more easily. Researchers have tried
to overcome these potential challenges,
so more recent studies have shown some
significantly positive results regarding rice
yield under AWD compared to using CF
(Yamaguchi et al., 2017).

The results of our study, shown in Table
4, indicate that the yield of the AWD H
treatment (4.72 tons/ha) was significantly
higher than that of the AWD_C treatment
(2.66 tons/ha) and CF (2.51 tons/ha). Most
yield components, such as the number of
panicles/m?, number of grains per panicle,
percentage of filled grain and percentage
of unfilled grain, were not significantly

different across the three treatments.
However, Allen and Sander (2019) reported
that rice under AWD conditions produces
more tillers and has enhanced root depth
and density compared with CF. It is thought
to lead to better drought, disease and
lodging resistance, plus increased nutrient
and water uptake. One notable result from
our research was the 1,000-grain weight
measurements, which found a significant
difference between the treatments. The
AWD H treatment produced the highest
weight (24.60 g/1,000 grains), which was
significantly higher than that of the other
treatments, namely AWD C (21.83 g/1,000
grains) and CF (21.82 g/ 1,000 grains). The
yield of AWD_H treatment was significantly
higher than others, which could be due to
significant differences in 1,000-grain weight
(Table 4).

Water Productivity of Water
Management Methods

Two main objectives of AWD technology
have been to save water and contribute
towards climate change mitigation by

z‘jﬁzlcetj of the trial s treatment regime on rice yield and yield components

imion itd panite SO el UMy i LS

treatment  (ton/ha) - (s/m?) panicle  panicle panicle weight (g) rate (%) (%)

AWD C  2.66b  367.67 51.57 41.10 10.47 21.83b 78.56 13.29

AWD H  4.72a  457.33 55.23 48.70 6.53 24.60a 87.83 7.48
CF 2.51b  378.33 52.77 43.90 8.87 21.82b 83.49 10.81

CV (%) 16.24 18.50 20.90 23.33 25.75 2.54 5.56 28.77
Sig. ok ns ns ns ns ok ns Ns

Note. AWD_C = Treatments of community; AWD H =

Household individually; CF = Continuous flooding;

CV (%) = Coefficient of variation; Sig. = Significance; ns = Non-significance; In the same column, different
letters indicate significant differences between treatments at 1% (**) confidence limits
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lowering water demand and emissions
of greenhouse gases, most notably
methane. Thus, many studies have focused
on assessing water use efficiency or
productivity, which measures how much
water is required to produce 1 kg or a ton
of rice. Bouman (2009) maintains that
producing 1 kg of paddy rice requires from
800 to 5,000 L of fresh water, with 2,500 L
needed on average. According to another
calculation that considers the yield of rice
per unit of water used, an average of 1.74
kg of rice/m® may be produced under AWD
conditions (Chapagain & Yamaji, 2010).
Under continuous flooding conditions,

water productivity fluctuated in the range
of 0.2-0.3 kg of paddy rice/m*® of water,
according to Kumar and Rajit (2019).
In this study, it was found that the water
productivity figures were not consistent with
previous studies, where water productivity
under the AWD_H treatment was the highest
(0.66 kg/m?), which was significantly higher
than other treatments, namely AWD_C and
CF with values of 0.37 and 0.33 kg/m°,
respectively (Figure 5). This difference is
attributed to higher yields of the AWD H
treatment (Table 4), while there was no
considerable difference in water consumed
between treatments (Figure 3).

0.90
0.80
0.70
0.60
0.50
0.40 b
0.30

Water production (kg/m?)

0.20
0.10

0.00

CF

Type of water management

AWD_C AWD_H

Figure 5. Evaluating water productivity in each treatment

Note. AWD _C = Treatments of community; AWD H = Household individually; CF = Continuous flooding;
Different letters indicate a significant difference between the treatments at a 5% confidence limit

The treatment that was expected to bring
the highest rice yield and water productivity
was the AWD_C treatment. After all, a larger
area cultivated might have two advantages:
(1) better water management due to the

limitation of water loss, and (2) possibly
less damage from weeds or pets because
the rat population or weeds may be more
dispersed. However, the results showed that
AWD H gave the highest water productivity
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and higher rice yield, above that of AWD H
and CF. This result is consistent with
previous research results, which indicated
that AWD resulted in heavier and larger
rice grains (Ilahi et al., 2022; Mboyerwa
et al., 2021). The critical question is,
why should AWD-H be more productive?
Because AWD_C covered a relatively
large area (from many households working
together), where there were differences in
land elevation levels between one field to
another, leading to significant differences
in water column depth across the field.
The difference between the high and low
fields is about 5—15 cm. The study also
tested and compared the water column’s
coefficient of variation (CV %) between the
three water management treatments over 22
measurement periods. The result shows that
the CV % value of the water column under
the AWD C treatment was significantly
higher than the other two treatments (Figure
4). Considering the SPAD index under
AWD_ H, it was significantly higher than
both AWD C and CF, which points to
greater levels of photosynthesis, resulting
in a greater yield.

CONCLUSION

The AWD_H treatment is more efficient than
the AWD C and CF treatments in terms of
rice yield and water productivity due to the
high 1,000-grain weight. The unequal field
surface of the AWD_C treatment and lower
SPAD index led to a lower grain weight than
AWD H. To improve benefits of AWD C,
checking the flat of field ground is necessary.
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ABSTRACT

The effect of oven drying (OD) at 50+5°C, sun drying (SD), and fresh leaves (control) of
seven selected herbs used in herbal preparation as herbal baths were evaluated. Herbal
baths (HB) involve mixing herbs into water and boiling them or simply immersing them in
the mixture during a regular bath. The herbs selected were leaves of torch ginger, greater
galangal, pandan, citronella grass, henna, betel leaves, and kaffir lime leaves and fruits.
The herbs were planted in a plot at the Institute of Bioscience, Universiti Putra Malaysia,
Malaysia. Physical changes such as HB herbs’ colour, aroma, and chemical composition
were evaluated. The hydro distillation method was used for the extraction process of HB
herbs, where it produced essential oils (EO), essential water (EW), and boiling water
(BW), and their chemical composition was determined by gas chromatography-mass
spectrometry. As a result, the OD herbs possessed brighter and more attractive colours
compared to the SD method, which was dull and pale. The colour of EO was yellow,
colourless for EW, and reddish for BW. Additionally, OD herbs possessed 80% and only
50% of the scent strength of the SD herbs from extracting fresh herbs. The fresh and dried

HB herbs contained chemical constituents
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INTRODUCTION

An herbal bath (HB) adds specific herbs
to a hot bath with a specific goal. Many
Malaysians believe HB could revitalise
their bodies, improve blood circulation,
and enhance their skin’s beauty, radiance,
and health. Most herbs used for HB are
fragrant, common knowledge, and easily
accessible (Tungsukruthai et al., 2018).
Citronella grass, pandan, henna, betel leaf,
torch ginger, greater galangal, and kaffir
lime were the seven herbs employed in this
investigation to produce this HB product
(Zaman et al., 2007). Since most plant
components can be used to extract or acquire
volatile oils, the herb species listed here are
also known as aromatic herbs (Solérzano-
Santos & Miranda-Novales, 2012).

There are many different types of
HB practises, including leaf baths, flower
baths, and milk baths, that are dependent on
ethnicity (Alsarhan et al., 2021; Hishamshah
et al., 2010) as well as a variety of bathing
techniques, including steam baths or saunas,
regular baths with herbal water as the final
wash, soaking the entire body in herbal
water in the bathtub, mixing regular baths
with herbal water, and gently massaging
the entire body with EO (Mohamed & Hj.
Bidin, 2012; Jamal et al., 2011; Li et al.,
2006; Zaman et al., 2007). It requires 20
to 30 min to take a bath once or twice a
day, three times a week (Panyaphu et al.,
2011), so the nutrients from the herbs can
be easily absorbed through the skin pores
(Li et al., 2006). Although there has not
been much scientific research on HBs, the
chemical content of each herb convinces

customers that HB practices are beneficial
for enhancing health.

In HB practises, there are typically
odd-numbered combinations of herbs, such
as 5,7,9, or 11. The dosage of these many
herbs varies depending on the practitioner
and is not precise (Li et al., 2006; Zaman et
al., 2007). Fresh herbs have a limited shelf
life for commercial uses, and if they do not
undergo processing immediately, they lose
their stability. Therefore, dried herbs are also
an alternative for producing HB because
they are always accessible and usually
cost less. However, they lack the aromatic
qualities of fresh herbs because of the loss or
oxidation of volatile oils through drying or
other processing procedures (King, 2006).

To extend the shelf life of food products,
people frequently dry foods, including meat,
herbs, and fruits (Mashkani et al., 2018),
to inhibit the activities of microbes and
bacteria when there is no water present; this
procedure employs air and heat to eliminate
moisture from the product (Thamkaew et al.,
2020). It also relies on the factors that affect
drying, such as the climate, drying period,
spread thickness, and relative humidity.
Three categories of drying methods: (1)
thermal, (2) chemical, and (3) special,
can be used to dry leaves. Thermal drying
refers to natural methods that use sunlight,
shade, and wind. In contrast, special drying
refers to artificial methods that use modern
technologies like vacuum, microwave,
dryer, and oven (Babu et al., 2018). The
drying process will impact the product’s
chemical composition, colour, fragrance,
and durability.
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An optimised leaf drying process aims
to maintain a high level of nutrients when the
leaves are fresh while achieving the required
end moisture content (Tasirin et al., 2014).
So, choosing the correct drying method is
crucial to guaranteeing the quality of the
final product. This study used two different
drying techniques: (1) oven drying (OD)
and (2) sun drying (SD) to dry the plant
leaves. In the OD technique, the sample
is dried at a predetermined temperature
using low-temperature convection air or
thermos-gravimetric technology (Ahmed et
al., 2013). Compared to the SD, this drying
method is weather-independent, quicker,
continuous, cleaner, and sanitary. However,
the SD method approach is inexpensive and
appropriate for bulk densities, particularly
for commercial purposes (Ozgiiven et al.,
2019).

According to several studies, dramatic
drying alters the active components in fresh
herbs’ EO. However, the effect varies based
on the plant species, drying temperature,
and drying period. According to Mashkani
et al. (2018), OD and vacuum obtained the
highest EO content in Thymus daenensis.
Additionally, according to Sefidkon et al.
(2006), OD, shade drying, and SD increased
the concentration of EO in Satureja hortensis
L. leaves. Contrarily, Filho et al. (2018)
claimed that the drying procedure did not
impact the amount of EO in the dried parsley
leaves.

The chemical composition in herbal
leaves is believed to promote human health
in several ways, including reviving the
body, reducing stress, healing illnesses,

and enhancing skin quality, even though
the research on the impact of HB practises
on human health is quite limited. Therefore,
this experiment was conducted to determine
the physical and chemical changes in HB
herbs due to the impact of various drying
processes to ensure and manage the herbs’
quality. Additionally, this study will offer
details on the results of using more than
three herbs in a single product for potential
applications in cosmetics.

MATERIALS AND METHODS
Description of the Study Area

The studied area for field and laboratory work
was at the Institute of Bioscience, Universiti
Putra Malaysia (IBS, UPM), Serdang,
Selangor (30°00°56.3”N, 101°72°32.69”E).
The climate of the location is mainly hot
and damp; temperature ranges between
28-34°C with 65.5-87% relative humidity,
received between 95.19-1,611.85 pmol of
light density in the daytime and experiences
rainfall annually about 2,000-2,500 mm
means a month (Jabatan Meteorologi
Malaysia [METMalaysia], 2020).

Collection and Preparation of Plant
Materials

There were seven types of herbs used
in the study: Etlingera elatior (torch
ginger), Alpinia galanga (greater galangal),
Pandanus odours (pandan), Cymbopogon
nardus (citronella grass), Lawsonia inermis
(henna), Citrus hystrix (kaffir lime), and
Piper betle (betel leaves). The herbs were
grown from cuttings at IBS, UPM. The
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herbs were selected based on their long-
term usage as HB in traditional Malaysian
practices. Fresh herbal leaves and fruits
(kaffir lime only) were collected between
8—10 a.m. (Chan et al., 2008; Mashkani et
al., 2018). After collection, the leaves and
fruits were repeatedly washed with tap and
distilled water and air-dried for 72 hr at
room temperature (Gebrehiwot et al., 2016).
The herbs were cut into £2.5 cm (17) or
sliced into small parts (Jamal et al., 2011).

Drying Treatments

Two drying methods were used: oven-dried
(OD) at 50+5°C and sun-dried (SD), with
fresh samples as control. For the SD, the
sample was spread on the cloth, while for
OD, the sample was spread on the tray. The
herbs were dried until the moisture content
reached +£10% (Mashkani et al., 2018) or
until they lost £85% of their weight (Babu
et al., 2018) or the dried leaves felt crunchy
when crushed using a hand.

Preparation of HB Herbs

Two samples of HB herbs were prepared:
fresh and dried samples. For the fresh herbs
sample, 255 g of combined herbs (41 g of
pandan leaves, 14 g of henna leaves, 22 g of
kaffir lime leaves, 25 g of kaffir lime fruit, 40
g of betel leaves, 25 g of torch ginger leaves,
22 g of greater galangal leaves, and 66 g
of citronella grass leaves) were prepared.
The sample was air-dried in a closed room
for one whole night before undergoing
the extraction process using the hydro
distillation method. For the dried herbs
sample, the OD and SD herbs were weight

2 g for each herb (pandan, henna, kaffir lime
leaf, kaffir lime fruit, betel leaf, torch ginger,
and greater galangal) and 6 g of citronella
grass. The samples were combined, wrapped
and tied neatly in muslin cloth. One pack of
combination dried herbs equal to 20 g. The
samples were replicated four times for each
sample (Mahanom Jr. et al., 1999; Tamboli
& Bhong, 2018).

Physical Properties of HB Herbs and
EO

Two physical properties measured manually
are colour and scent, with fresh samples as
a control. For colour analysis, the Munsell
Colour Chart was used as standard. In
contrast, for scent analysis, the strength was
recorded in percentages between 0-100%
using the fresh herbal leaf as control (Prof.
Ir. Dr Yus Aniza Yusof, Department of
Process and Food Engineering, Faculty of
Engineering, UPM, personal communication
in October 2018). Ten IBS UPM employees,
who have actively produced these HB herbs
for over three years, assessed fresh and dried
HB herbs for this sensory investigation. Each
sample was examined, felt, and smelled
individually by the analyst manually in an
air-circulated chamber.

Extraction of HB Herbs by Hydro
Distillation Method

Fresh and dried HB herb samples weighing
255 and 80 g were put in a 20 L round
bottom glass flask separately. Next, the
flask was filled with 5 L of distilled water
and mixed thoroughly. Then, the flask was
fitted with Clevenger’s apparatus, a glass
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condenser, heated using a heating mantle,
and hydro distilled at atmospheric pressure
for 4 hr. The EO was isolated from the
aqueous layer using 100 ml chloroform
(Chemiz, Malaysia) and filtered using
Whatman No. 1 filter paper. Finally, the
extraction process products, EO, EW, and
BW, were stored in the refrigerator at 4°C to
keep them from being volatile. The chemical
compositions of EO, EW, and BW were
determined by gas chromatography-mass
spectrometry (GC-MS).

Volume of essential oil (ml)

. 0/ —
Yield ( A]) Weight of sample (g)

X 100% [1]

GC-MS Analysis of EO, EW, and BW of
HB Herbs

EO, EW, and BW from fresh and dried
HB herbs were analysed for their chemical
compositions and quantity after dissolving
in methanol using GC-MS by Shimadzu
CG-17A (Shimadzu Corporation, Japan),
which was directly coupled with QC-2010
high polar fused silica capillary column
(Zebron™ ZB5-ms 30 m x 0.25 mm ID
x 0.25 um film thickness, Phenomenex
Corporation, USA). The gas carrier was
helium, delivered through split injection
at a volume of 0.3 pl ratio, with a normal
mode at a flow rate of 6.0 ml/min and
head pressure of 49.7 kPa. The column
temperature was held at 40°C for 5 min.
The chromatographic condition was helium,
0.3 pl/min and 49.7 kPa; injector and
interface temperatures were 220 and 250°C,
respectively. Additionally, the column
temperature was maintained at 40°C for 5

min. Methanol was used as the solvent to
dissolve the oil.

EO, EW, and BW Identification and
Quantification

The quality and quantity of EO, EW, and
BW compounds that GC-MS detected
were recorded in chromatograms. The
quantitative data were determined from the
peak total percentage areas of the analysed
EO, EW, and BW extracted from fresh and
dried HB herbs. The individual compounds
were identified by comparing their relative
retention indices, which were calculated
using the n-alkanes formula and compared
with the National Institute of Standards and
Technology libraries (NIST).

Statistical Analysis

The results were statistically analysed
using analysis of variance (ANOVA) in the
statistical analysis system (SAS) programme
(version 9.4). The data were expressed
as means of four replications. Significant
differences among the treatment mean
at p<0.05 were determined by the least
significant difference (LSD).

RESULTS AND DISCUSSION

Effect of Drying Method on Physical
Properties of HB Herbs

The colour and scent of herb leaves are
important for product marketing because
HB herb is for external use. Therefore,
product freshness and appearance are very
important to meet consumers’ demands.
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Figure 1 shows the colour changes analysed
in fresh and dried herbal preparations. The
drying treatments caused significant colour
changes for all herb leaves. Compared to
fresh leaves, the herb’s colour changes were
reduced from slightly to significantly by the
OD and SD methods.

The results showed that henna, torch
ginger, betel leaves, and kaffir lime fruit did
not significantly differ in colour between
OD and SD methods but were darker than
fresh samples. It indicated that OD and
SD could not preserve the sample’s green
colouration. While there were significant
colour differences between the OD and SD
methods for greater galangal, kaffir lime
leaves, citronella grass, and pandan leaves,
in comparison to OD and fresh herbs, SD
herbs exhibited a darker hue, indicating
that OD herbs appeared more similar to the
fresh samples.

The benefits of the OD perform over
the SD method are supported by these
results, which corroborated earlier reports
in the literature on several types of herbs
(Arslan & Ozcan, 2010; C)zgﬁven et al.,
2019; Telfser & Galindo, 2019). The OD
method at lower drying temperatures
(<50°C) is particularly beneficial for herbs
containing active compounds subjected
to thermal degradation. Most nutritional
and external properties are preserved since
OD is performed at low temperatures and
without oxygen (Laurence et al., 2019). In
this study, OD herbs maintained a consistent
and bright colour compared to SD herbs,
which were dull and pale. It is a result of the
colour degradation caused by the possible
destruction of pigments like chlorophyll
and anthocyanin during the drying process,
showing that the SD approach has a bigger
impact on colour degradation than the OD
method (Thamkaew et al., 2020).

Kaffir
lime
fruit

5
<)
il

Betel (}% ‘
| leavesEPEalaNga

-HIonclia
\ ime' 3
{ Icayes

Figure 1. Herbal bath herbs colour changes before and after drying treatment: (A) fresh herbs, (B) oven-dried

herbs and (C) sun-dried herbs

626 Pertanika J. Trop. Agri. Sci. 47 (3): 621 - 643 (2024)



Effect of Drying Method on Herbal Bath

_ —
7 v 3
reater Y C]troneﬁz\ 4
grass
DI‘ "

Henna

Figure 1. (Continue)

Table 1
Herbs’ colour and scent changes before and after the drying process

Scent changes

Analysis Colour changes Percentage (%) from the
original smell of fresh
No. leaves maintained
Drying process/
Herbal bath herbs Fresh OD SD OD SD
1. Kaffir lime fruit 5Y, 9/6 5Y,7/10  5Y, 5/12 20-80 70
2. Betel leaves 6GY,5/8 5YR, 1/4 5Y, 1/2
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Table 1 (Continue)

Scent changes

Percentage (%) from the

Analysis Colour changes A
original smell of fresh
No. ..
leaves maintained
Drying process/
Herbal bath herbs Fresh oD Sb oD Sb
3 Greater galangal 6GY, 6/10 5GY, 6/10 5Y, 5/4 60
4 Torch ginger 6GY, 7/10  5Y, 4/10 5Y, 3/6 60
5. Kaffir lime leaves 6GY, 7/8 6GY,9/4  5GY, 3/8 60
6 Citronella grass 6GY, 8/8 5GY,7/6  5GY, 9/2 70
7 Pandan 6GY, 8/12 5Y, 7/8 5GY, 6/4 30
8 Henna leaves 6GY, 6/8 SYR,4/8 5YR,2/2 10

Note. Herbs colour analysis using Munsell Colour Chart for hue 5 yellow (5Y), 5 yellow-red (5YR), 5 green-
yellow (5GY), and leaf hue 6 green-yellow (6GY), and scent analysis due to the effect of oven-dried (OD)

and sun-dried (SD) methods

The colours of all dried herb leaves were
compared using the Munsell Colour Chart
for the hues 5Y, 5YR, 5GY, and leaf hue
6GY. The dried herbs were compared to the
fresh herb leaves for the fragrance analysis,
where they underwent slight to significant
odour changes. Table 1 displays the colour
data for fresh and dried HB herbs in terms
of hue values and percentages of aroma
before and after drying. According to this
study, OD herbs retained their bright colour
and had a strong, mild aromatic fragrance
compared to SD herbs, which were dull and
pale and had a less fragrant aroma. All dry
herbs’ leaves smelled, and compared to fresh
herbs’ leaves, the OD herbs had 70-80% of
the scent of fresh herbs’ leaves. Meanwhile,
SD herbs also had a slightly smoky scent
besides possessing 10—-70% of the aromatic
fragrance.

The aroma of herbs results from the
chemical content found in EO. The higher
the chemical content, the stronger the aroma
of the resulting EO. The lack of EO aroma
is caused by damage to the secretory cells,
epidermal cells, or glandular trichomes that
store the Eo in the plant (Thamkaew et al.,
2020). Therefore, the result indicates that
SD causes a higher damage effect than the
OD method. Telfser and Galindo (2019)
further claim that drying at low temperatures
(40—60°C) is preferable for preserving
volatile chemicals and effectively prevents
the loss of scent. Thus, in their study, OD
has been recommended as the optimum
dehumidification and dehydration method
for dry aromatic plant species by Ozgiiven
etal. (2019).
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Effect of Drying Method on the EO,

EW, and BW of HB Herbs’ Content

Hydro distillation is used in this study to
extract EO, EW, and BW from HB herbs.
Boiling HB herbs in a pot is a typical
practice that produces EO and EW, but
all these extracts are combined in BW.
Therefore, boiling the HB herbs with most
of the pot’s top covered is recommended to
trap the hot water vapour and ensure that it
releases little heat into the atmosphere but

returns to the BW instead. Figure 2 shows
the colour of fresh and dried EO, EW, and
BW of HB herbs obtained from the hydro-
distillation extraction process. EO was
yellowish, colourless for EW, and reddish
for BW. The drying procedures did not
produce significant colour changes when
extracting HB herbs. The OD or SD methods
did not significantly reduce the HB herb’s
colour changes in extraction compared to
fresh leaves.

Figure 2. The extraction process of different types of drying of herbal bath herbs using the hydro distillation
method produces (A) essential oil, (B) essential water, and (C) boiling water

The extraction was compared using the
Munsell Colour Chart for hue 5Y. For the
scent analysis, the HB herbs’ extractions
were compared to the fresh, where they
went through slight to very significant odour
changes. Table 2 compares the colours and
scents of the extracted HB herbs. In contrast
to SD herbs, which were darker, the EO and
BW colours for fresh and OD herbs were
the same. BW’s reddish colour might be
the result of the effects of henna and betel
leaf. For all EW, there were no changes in
colour. The BW possessed a strong aromatic
fragrance of betel leaves, henna leaves, and
a small amount of citronella grass. However,
the EO and EW for all drying techniques

possessed a mild aromatic, smell-like
mixture of citronella grass and kaffir lime
fruit. Although the EO and BW of SD herbs
were darker, they had a scent similar to fresh
and OD herbs but with different strengths.
OD herbs extraction possessed 80%
scent strength, while SD herbs only had 50%
scent strength from extracting fresh herbs.
The drying treatments caused significantly
different scents to strengthen for HB herbs’
extraction. The OD and SD methods caused
a slighter to a greater reduction in the HB
herb’s extraction of scent strength compared
to fresh leaves. Table 3 shows the EO
yields produced from the extraction of
HB herbs using different drying methods.
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Table 2

Comparison of herbal bath (HB) herbs extraction colour and scent

Analysis

Colour changes

Scent changes

Percentage (%) of scent

No. strength from fresh HB extract
HB extraction,
Dryi‘;g ;r"oc‘ésg EO EW BW EO EW BW
1. Fresh 5Y, 9/14 0 5YR, 8/6 100 100 100
2. OD 5Y, 9/14 0 5YR, 8/6 80 80 80
3. SD 5Y, 7/14 0 5YR, 6/10 50 50 50

Note. Essential oil (EO), essential water (EW), and boiling water (BW) colour analysis using Munsell Colour
Chart for hue 5 yellow (5Y) and 5 yellow-red (5YR) and scent analysis due to the effect of oved dried and

sun-dried methods, respectively

According to the result, the drying methods
significantly affected EO yields. Fresh herbs
produced a higher EO yield than OD and
SD HB herbs. The lower production of EO
yield was from the SD HB herbs. The yield
of EO from the fresh and dried herbs was
in the order of fresh herbs oil 88% (v/w) >
OD herbs 0il 63% (v/w) > SD HB herbs oil
392% (v/w).

Table 3
Effects of different drying methods on essential oil's
yield from the herbal bath herbs’ extract

Drying method Yield (%)

Fresh (control) 88%*
oD 63%"°
SD 39%¢

Note. Essential oil yields from fresh, oven-dried
(OD), and sun-dried (SD) herbal bath herbs because
of drying methods. Means with the same letters are
not significantly different at p>0.05 using the least
significant difference

More oil content was present from
fresh and dried HB herbs that could be
extracted, but these compounds were lost
or transformed during the processing of
hydro distillation and evaporation (Aziz,

2015). So, to minimise EO losses and
preserve the distinctive components, drying
should be done immediately after harvest.
Additionally, post-harvest activities, as well
as agricultural practices, have an impact
on oil content (Ozgiiven et al., 2019). The
conclusion that the OD technique can
boost the concentration of EO isolated by
hydro distillation agrees with most prior
investigations on various plants.

Additionally, according to Ozgiiven
et al. (2019), different drying techniques
result in varying concentrations of certain
aromatic herbs, while Mashkani et al. (2018)
found that the kind of tissue temperature
duration and drying technique typically
influenced variations in EO content after
drying. Additionally, even if a plant is of
the same species, its chemical composition
varies due to internal and external factors
such as the kind of media used for planting,
the type and rate of fertilisation used, the
timing of crop harvest, as well as topography
and environmental conditions (Aziz, 2015;
Tunjung et al., 2015).
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In contrast to the OD approach, which
employs hot air flows and merely dries
the leaf surface, the SD method directly
penetrates heat into the leaf cells, and
prolonged exposure to it may damage nearly
all plant cell walls (Thamkaew et al., 2020).
The findings show that the lack of EO in
SD herbs results from strong heat factors
(>50°C) breaking the membrane cells of oil
sacs in herbs. It suggests that, compared to
the OD method, the SD method had a more
significant impact on HB herbs.

Effect of Drying Method on the EO,
EW, and BW of HB Herbs’ Chemical
Contents

The chemical contents of the plant can
be determined by using EO, EW, and
BW after they undergo determination
techniques such as column chromatography,
high-performance liquid chromatography,
ultrafiltration, and many other techniques.
In this study, the GC-MS technique was
used to determine the chemical contents of
HB herbs. The use of EO, also known as
volatile oils, extracted or derived from most
plant parts, including flowers, leaves, buds,
fruits, twigs, bark, seeds, wood, and roots
(Solérzano-Santos & Miranda-Novales,
2012) is quite common in aromatherapy
(Jaradat et al., 2018). According to Patel
and Patel (2016), phytochemicals are
bioactive chemical compounds used as
antimicrobial, antibacterial, and anticancer
agents. Herbs are traditionally used for food
or medicinal purposes and are known to
be phytochemically rich (Guldiken et al.,
2018).

The GC-MS analysis of the EO, EW,
and BW in this study reveals 42 numbers
(Table 4), 22 numbers (Table 5), and 12
numbers (Table 6) of identified compounds,
respectively, by comparing their mass
spectra with the National Institute of
Standards and Technology (NIST) 2005
library of mass spectra and their retention
(R) times. So, few unidentified components
were present that either no mass spectra
could be obtained or the spectrum was too
weak to be interpreted. The drying process
significantly affected EO compounds. The
total oil of the EO chemical components
(99.44%, 99.36%, and 99.15%) was isolated
from fresh, OD, and SD plants (Table
4). Only 34 and 35 of the 42 identified
chemical compounds from new extraction
were discovered in OD and SD herbal
leaves, respectively. Drying OD and SD
herbs produced 8 and 7 newly discovered
chemical compounds, respectively.

The highest compound percentage of
HB’s EO produced was 2,6-octadienal,
3,7-dimethyl-(E), another name is a-citral
(fresh: 26.08%, OD: 35.79%, and SD:
24.32%), while the lowest percentage was
contributed by tau-cardinal (fresh: 0.19%,
OD: 0.31%, and SD: 0.14%). The fresh,
OD, and SD HBs had different chemical
compositions; while some compounds may
be high in OD or SD plants, others have a
high proportion in fresh herbs. For instance,
OD and SD herbs have higher percentages
of naphthalene,1,2,3,4,4a,5,6,8a-octahydro-
4a,8-dimethyl-2-(1-methylethenyl)-
[2R-(2alpha., 4a. alpha)] (9.86% and
7.91%, respectively) than fresh herbs
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(3.01%). Additionally, certain substances,
including 1,4-cyclohexadiene and 1-methyl-
4-(1-methylethyl), remained the same
in composition regardless of the drying
process.

According to the results obtained, the
five chemical contents that recorded the
highest content composition in fresh HB
herbs can be considered the main active
ingredients of HB products, considering
that the sample is a combination of seven
types of herbs used as HB herbs. There were
2,6-octadienal,3,7-dimethyl-(E) (26.08%),

Table 4

copaene (14.52%), 1,6,10-dodecatrien-3-
0l,3,7,11-trimethyl (7.71%), 2,6-Octadien-
1-0l,3,7-dimethyl-acetate(E) (6.52%),
and 1-naphthalenol,1,2,3,4,4a,7,8,8a-
octahydro-1,6-dimethyl-4-(1-methylethyl)
(5.48%). The most significant reduction
in the composition of the main chemical
content after the drying process was in
1,6,10-dodecatrien-3-0l,3,7,11-trimethyl,
where only 0.91% and 0.74% were produced
after undergoing the OD and SD methods,
respectively.

Percentage composition of the identified components in essential oil of herbal bath analysed by gas

chromatography-mass spectroscopy

Area (%)° /
No. Component R. time® Types of drying
Fresh Oven Sun

B-pinene 6.300 0.74 0.68 0.49

2 Bicyclo[3.1.0]hexane,4-methylene-1-(1- 6.857 0.36 0.27
methylethyl)-

3 B-myrcene 8.477 0.14 0.08

4  D-Limonene 9.348 0.85 0.32 0.54

5 Eucalyptol 9.572 0.23 0.15

6  1,4-Cyclohexadiene,1-methyl-4-(1- 10.843 0.15 0.15 0.15
methylethyl)

7  4-Nonanone 13.559 0.30 0.56 0.36
5-Hepten-2-one,6-methyl- 13.941 0.10 0.23

9  2H-Pyran,tetrahydro-4-methyl-2-(2- 14.205 0.19
methyl-1-propenyl)

10  2-Furanmethanol,5-ethenyltetrahydro-. 16.751 0.53 0.52 0.37
alpha.,.alpha.,5-trimethyl-,cis

11 Cyclohexanol,5-methyl-2-(1- 17.308 0.16
methylethenyl)-

12 2-Furanmethanol,5-ethenyltetrahydro-. 17.510 0.28 0.31 0.17

alpha.,.alpha.,5-trimethyl-,trans
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Table 4 (Continue)

Area (%)° /
No. Compound R. time® Types of drying
Fresh  Oven Sun

13 Copaene 17.872  14.52 9.45 21.39

14 6-Octenal,3,7-dimethyl-,(R)- 18.250  0.30

15 1-Cyclohexene-1-acetaldehyde, .alpha., 18396  0.22
2-dimethyl

16 Bicyclo[3.1.1]heptan-3-one,2,6,6-trimethyl- 19.215 0.14

17 1,6-Octadien-3-0l,3,7-dimethyl 19.619 3.27 2.68 2.56

18 Cyclohexanol, 5-methyl-2-(1-methylethyl)-, 19.738  0.85 0.63 1.37
(l.alpha.,2.beta.,5.beta.)

19 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-  19.883 0.13
,Cis-

20 Cyclohexanol,5-methyl-2-(1-methylethenyl)-, 20.018  1.27 1.15 1.09
[1R-(1.alpha.,2.beta.,5.alpha.)]-

21 Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-  20.387  2.49 1.77 1.26
methylene

22 Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-  20.579  0.17 0.38
methylene-,[ IR(1R*,4Z,9S%)]

23 Azulene, 1,2,3,4,5,6,7,8-octahydro-1,4- 20.798  2.08 3.23 3.33
dimethyl-7-(1-methylethenyl)-,[ 1S (1.alpha.,4.
alpha.,7.alpha.)]-

24 1H-Cyclopenta[1,3]cyclopropa[1,2] 20.983 0.08
benzene,octahydro-7-methyl-3-methylene-4-(1-
methylethyl)-,[3aS

25 Naphthalene,1,2,4a,5,6,8a-hexahydro-4,7- 22.058 0.51 0.26 0.36
dimethyl-1-(1-methylethyl)-

26  Naphthalene,1,2,3,5,6,8a-hexahydro-4,7- 22.157 0.25 0.22
dimethyl-1-(1-methylethyl)-,(1S-cis)

27 o-Caryophyllene 22.251 1.55 1.97 2.18

28 1,6,10-Dodecatriene,7,11-dimethyl-3-methylene- 22.554  0.36 0.12

29  2,6-Octadienal,3,7-dimethyl-,(Z) 22,771  4.21 5.55 8.06

30 1,6-Cyclodecadiene,1-methyl-5-methylene-8-(1- 23.054  1.83 2.32 1.96
methylethyl)-,[s-(E,E)]

31 Cyclohexane, 1-ethenyl-1-methyl-2-(1- 23.404  0.41 0.21
methylethenyl)-4-(1-methylethylidene)-

32 y-elemene 23.552  0.25 0.25 0.18
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Table 4 (Continue)

Area (%)° / Types of

No. Compound R.time? drying
Fresh  Oven Sun
33 2,6-Octadienal, 3,7-dimethyl-,(E) 23.956 5.93 7.68 11.03
34 o-farnesene 24.147  1.37 1.88 1.20
35 2,6-Octadien-1-0l, 3,7-dimethyl-,acetate,(E) 24431 6.52 2.62 1.76
36 Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-4a,8- 24.674  3.01 9.86 791
dimethyl-2-(1-methylethenyl)-,[2R-(2.alpha.,4a.
alpha.,
37  2,6-Octadienal,3,7-dimethyl-,(Z) 25369  0.16 0.36 0.22
38 2,6-Octadienal,3,7-dimethyl-,(E) 26.571 26.08 35.79 24.32
39 1-Dodecanol 28.559 1.21
40 Caryophyllene oxide 28.909  0.87 0.97 0.55
41 1,6,10-Dodecatrien-3-0l,3,7,11-trimethyl 30.238  7.71 0.91 0.74
42  Cyclohexanemethanol,4-cthenyl-.alpha.,.alpha.,4- 30.939  0.13 0.72 0.67
trimethyl-3-(1-methylethenyl)-,[ 1R-(1.alpha.,3.
alpha
43 2-Naphthalenemethanol,decahydro-. 31.408 0.19 0.29 0.75
alpha.,.alpha.,4a-trimethyl-8-methylene-,[2R-2.
alpha.,4a.alpha.,§
44  1-Naphthalenol,decahydro-1,4a-dimethyl-7-(1- 31.755 0.18 0.25
methylethylidene)-,[1R-(1.alpha.,4a.beta.,8a.
alpha.)]-
45  tau.-Cadinol 32.555  0.19 0.31 0.14
46 2-Naphthalenemethanol,1,2,3,4,4a,5,6,7- 32.663  0.35 0.68 0.35
octahydro-.alpha.,.alpha.,4a,8-tetramethyl-,
(2R-cis)
47 1-Naphthalenol,1,2,3,4,4a,7,8,8a-octahydro-1,6- 33.156 5.48 3.29 1.26
dimethyl-4-(1-methylethyl)
48 a-cadinol 33.495  0.65 0.49
49 trans-.alpha.-Bergamotene 35.730  0.60 0.11
50 2,6,10-Dodecatrien-1-01,3,7,11-trimethyl,acetate,(E,E)-  36.192 0.16 0.10
51  5-(1-Bromo-1-methyl-ethyl)-2-methyl-cyclohexanol 36.516 0.15 0.24
52 Phytol 40.259 1.20 0.16
Total (%) of identification of compound 99.44 9936  99.15
No. of components 42 42 42

Note. * Retention time; ® Percentage of oil (%)
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Table 5 shows the percentage
composition of the identified components
in EW of HB analysed by GC-MS. The
chemical compounds of EW extracted
from fresh, OD and SD herbs made up
99.71%, 96.87%, and 88.06% of the total
essential water, respectively. Out of the 18
numbers of identified chemical compounds
produced from fresh extraction, only 10 and
12 numbers of identified compounds were
found in OD and SD herbs, respectively. The
drying process produced another 4 and 3 new
numbers of identified chemical compounds
from OD and SD herbs, respectively. The
drying process significantly affected on EWs
compounds.

The highest compound percentage of
HB’s EW produced was phenol, 2-methoxy-
3-(2-propenyl)- (33.30%) for fresh,
2-furanmethanol,5-ethenyltetrahydro-alpha,
alpha,5-trimethyl-, trans (37.81%) for OD,
and cyclohexanol,2-(2-hydroxy-2-propyl)-
5-methyl- (31.36%) for SD. Meanwhile,
the lowest compound percentage found
in fresh (0.21%) and SD herbs (0.55%)
was contributed by 5-hepten-2-one,6-
methyl, and for OD herbs (0.36%) was

Table 5

phenol,2-methoxy-4-(2-propenyl)-acetate.
The compound composition among the
fresh, OD and SD of HB’s EW was varied,
and there was no obvious pattern like EO.
According to the results obtained, the
three chemical contents that recorded the
highest content composition in fresh HB
herbs can be considered as the main active
ingredients of HB products, considering
that the sample is a combination of seven
types of herbs used as HB herbs and there
were: phenol, 2-methoxy-3-(2-propenyl)-
(33.30%), trans-geraniol (12.31%), and
2-furanmethanol, 5-ethenyltetrahydro-.
alpha.,.alpha.,5-trimethyl-, trans (9.87%).
After the drying process, the most significant
reduction in the composition of the main
chemical content was 1,6,10-dodecatrien-
3-ol, 3,7,11-trimethyl, where only 5.34%
and 3.71% are produced after undergoing
the OD and SD methods, respectively. For
most of the chemical contents contained in
fresh EW, it was found that there were no
significant changes after undergoing the SD
method; on the other hand, the significant
changes were with the OD method.

Percentage composition of the identified components in essential water of herbal bath analysed by gas

chromatography-mass spectroscopy

Area (%)* / Types of drying

No. Component R. time®
Fresh Oven Sun
1 5-Hepten-2-one,6-methyl 13.758 0.21 0.55
2 2-Furanmethanol,5-ethenyltetrahydro-. 16.732 9.87 37.81 11.29
alpha.,.alpha.,5-trimethyl-,trans
Acetic acid 17.363 8.10 12.65
4 B-linalool 19.968 0.88 2.52 0.56

Pertanika J. Trop. Agri. Sci. 47 (3): 621 - 643 (2024) 635



Rose Fazila Md Zuki, Mohd Firdaus Ismail and Julia Abdul Aziz

Table 5 (Continue)

Area (%)°/ Types of drying

No Component R. time *
Fresh Oven Sun

5 Cyclohexanol,5-methyl-2-(1- 20.219 0.35 2.77 0.79
methylethenyl)-,[ 1R-(1.alpha.,2.beta.,5.
alpha.)]

6  3-Cyclohexen-1-ol,4-methyl-1-(1- 21.126 1.10 5.79 2.10
methylethyl)((-)-4-Terpineol)

7  2,6-Octadienal,3,7-dimethyl- 23.133 2.43
3-Cyclohexene-1-methanol,. 23.275 1.15 3.68 2.00
alpha.,.alpha.,4-trimethyl-,

9  Cyclohexene,3-acetoxy-4-(1-hydroxy-1- 23.942 2.72
methylethyl)-1-methyl-

10 B-citronellol 24.813 0.39 1.82 1.20

11  trans-Geraniol 26.519 12.31 19.08 12.46

12 Cyclohexanol,2-(2-hydroxy-2-propyl)-5- 31.458 9.17 11.17 31.36
methyl-

13 Phenol,2-methoxy-4-(2-propenyl),acetate ~ 32.726 8.25 0.36 1.71

14 Phenol,2-methoxy-3-(2-propenyl)- 33.188 33.30 5.34 3.71

15 Phenol,4-(2-propenyl)- 35.773 3.49

16  5-(1-Bromo-1-methyl-ethyl)-2-methyl- 36.058 0.86
cyclohexanol

17 1,5,9-Decatriene,2,3,5,8-tetramethyl 36.843 3.59

18  4-Allyl-1,2-diacetoxybenzene 38.718 1.54

19  Eucalyptol 0.43

20 o-citral 2.65 2.87

21 B-Citral 2.63 3.20

22 Furfural 0.82 1.61
Total (%) of identification of compound 99.71 96.87 88.06
No. of components 18 14 15

Note. *Retention time; ° Percentage of water (%)

Table 6 shows the percentage

composition of the identified components
in BW of HB analysed by GC-MS. The
chemical compounds of BW extracted from
fresh, OD, and SD herbs made up 99.15%,
99.99%, and 99.38% of the total boiled
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water, respectively. The drying process
significantly affected BW compounds. Out
of the 12 identified chemical compounds
produced from fresh extraction, only 7 and
6 identified compounds were found in OD
and SD herbal leaves, respectively. The
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drying process produced another identified
chemical compound from SD herbs.

The highest compound percentage
produced was acetic acid (fresh: 86.74%,
OD: 92.52%, and SD: 93.25%), while
the lowest percentage was contributed by
2-butanone, 3-hydroxy (fresh: 0.3%, OD:
0.39%, and SD: 0.41%). It was found that
there were no significant changes in the
chemical content composition in fresh BW
after undergoing the OD and SD methods.
The chemical content found in fresh herbs
significantly reduces content, almost half
after drying by the OD and SD methods. It
indicates that the exposure of herb leaves
to thermal factors significantly affects
some chemical contents that cause EOs
decomposition and destruction of storage
cells.

Table 6

According to the results, only one
chemical content recorded the highest
composition in BW. It can be considered
the main active ingredient of HB products
because of the dominance of the chemical
content over other substances. Therefore,
nine chemical contents that can be
considered active ingredients of HB products
were 2,6-octadienal, 3,7-dimethyl(E),
copaene, 1,6,10-Dodecatrien-3-ol,
3,7,11-trimethyl, 2,6-Octadien-1-ol,
3,7-dimethyl-, acetate,(E),1-Naphthalenol,
1,2,3,4,4a,7,8,8a-octahydro-1,6-dimethyl-
4-(1-methylethyl), phenol, 2-methoxy-
3-(2-propenyl)-, trans-Geraniol,
2-Furanmethanol, 5-ethenyltetrahydro-.
alpha., alpha.,5-trimethyl-, trans and acetic
acid.

Percentage composition of the identified components in boiling waters of herbal bath analysed by gas

chromatography-mass spectroscopy

Area (%)® / Types of drying

No. Component R. time?

Fresh Oven Sun
1 2-Butanone,3-hydroxy 12.908 0.30 0.39 0.41
2 2-Propanone,1-hydroxy 13.390 3.25 1.80
3 Acetic acid 17.229 86.74 92.52 93.25
4 2(5H)-Furanone, 3-methyl 23.998 0.46
5  Cyclohexanol, 2-(2-hydroxy-2-propyl)-5- 31.538 2.76 3.49 1.26

methyl

6  2-Hydroxy-gamma-butyrolactone 32.995 0.62 0.58 0.66
7  Phenol, 2-methoxy-3-(2-propenyl) 33.282 0.83 0.43
8  Phenol, 2-methoxy-4-(2-propenyl)-, acetate ~ 34.584 0.39 0.78
9  Phenol, 4-(2-propenyl) 35.785 0.69
10 Benzofuran, 2,3-dihydro 36.817 1.35 0.63
11 4-Allyl-1,2-diacetoxybenzene 38.693 1.76
12 Acetol 3.17
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Table 6 (Continue)

Area (%)® / Types of drying

No. Component R. time?
Fresh Oven Sun
Total (%) of identification of compound 99.15 99.99 99.38
No. of components 11 7 6

Note. ‘Retention time; *Percentage of water (%)

Table 7 shows the chemical class
distribution in EO, EW, and BW of fresh,
OD, and SD HB herbs. The chemical
class distribution of EO revealed the
dominance of oxygenated monoterpenes
for drying methods (fresh: 43.1%, OD:
55.3%, and SD: 49.89%). Next was the
sesquiterpene hydrocarbons class, while
the lowest percentage of EO was the
monoterpene hydrocarbons, fresh 2.24%,
OD 1.23%, and SD 1.45%. The compound
2,6-octadienal,3,7-dimethyl-(E) was the
substance that contributed the highest
percentage in the oxygenated monoterpenes
class, while for sesquiterpenes, hydrocarbons
were copaene.

The chemical class distribution of EW
revealed the dominance of oxygenated
monoterpenes for drying methods (fresh:
81.53%, OD: 91.17%, and SD: 68.85%), and
the second highest chemical class was the
monoterpene hydrocarbons (fresh: 3.98%,
OD: 4.88%, and SD: 4.40%). Unfortunately,
no percentage of compound composition
was found in the sesquiterpene hydrocarbons
class. Substances that contributed the highest
percentage in the oxygenated monoterpenes
class varied for each drying method.

The chemical class distribution of
BW revealed the dominance of the other
groups compared to the terpene group for

638

all types of drying (fresh: 92.06%, OD:
95.29%, and SD: 97.49%). Other group
constituents were substances from terpene
esters, terpene aldehydes, terpene alcohols,
aliphatic acids, and ketone. Next were in
oxygenated monoterpene (fresh 5.33%,
OD: 4.7%, and SD: 1.89%). No percentage
of compound composition was found
in the monoterpene hydrocarbons and
sesquiterpene hydrocarbons class.

The drying process did not significantly
affect the chemical class distribution
in EO, EW, and BW of fresh, OD, and
SD HB herbs. After the HB herbs were
dried, the chemical content quantity and
type were not significantly different. The
only aspect of the chemical content that
changed significantly after drying was its
composition. Drying processes significantly
decreased monoterpene hydrocarbons and
oxygenated sesquiterpenes while increasing
the content of oxygenated monoterpenes and
sesquiterpene hydrocarbons.

According to the results, the HB herb
combinations contain chemical compounds,
mostly from the terpene group. Terpenes are
aromatic compounds found in many plants.
Thus, the herbs are suitable to become HB
because one of the functions of having HB
is to get therapy from the herbs’ aroma or
“aromatherapy”. This therapy relaxes the
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body, mind, and soul. Inhaling aromatic
herbs can also significantly increase sleep
quality, and massage can improve mood and
relax people (Edris, 2007).

In this study, important chemical
compounds from single herbs such as
B-pinene, D-limonene, copaene, and
6-octenal, 3,7-dimethyl-(R) from kaffir
lime (Warsito et al., 2017), B-pinene,
caryophyllene oxide, P-farnesene,
1,1-dodecanediol diacetate, 1-dodecanol,
dodecanoic acid, myrcene, camphene
from torch ginger (Juwita et al., 2018),
a-farnesene, a-bergamotene, B-pinene,
and 1,6,10-dodecatriene,7,11-dimethyl-
3-methylene from greater galangal
(Subramanian & Nishan, 2015), and
linalool, geraniol, myrcene, 2,6-octadienal,
3,7-dimethyl-(E), D-limonene from
citronella grass (Muttalib et al., 2018)
were still detectable even though the herbs
went through an extraction process in
combination form.

It indicates that drying and combinations
did not significantly affect chemical
compounds’ important and highest content.
The drying process also causes many
chemical compound losses. However, the
most important and highest content of
volatile compounds and the highest intensity
of most aroma attributes were still found
(Nofer et al., 2018). Ashafa et al. (2008)
reported that different drying methods have
no significant effect on Felicia muricata
leaves’ quality and chemical composition.

CONCLUSION

The proper method and technique for drying
fresh herbal leaves and fruit are critical

to maintaining their medical value and
benefiting all parties. Our result revealed
that an oven is the best method to dry
herb species because the herbs are bright
and attractive and possess mild to strong
aromatic fragrances. It is recommended
that HB herbs be produced using the OD
method because the product is uniform,
and the production process is hygienic
and continuous (weather-independent).
However, this study did not consider
the cost of drying the herbs because it is
important to retain the chemical compounds
as much as possible during the dried herbal
preparation. Other than that, from this study,
it was observed that the hydro distillation
method could be used to extract the herbal
bath herbs and provide an aromatic essential
oil with a better yield. Further study of
combining many herbs in one product is
required to determine the effect on human
health, especially for those who consume it
directly in the body. Therefore, the emphasis
is on the antimicrobial activities of the
combination herb product extraction.
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ABSTRACT

Companion animals such as cats help to reduce stress among people as they delight their
owners in their ways. Good management and hygiene practices of pets help in keeping
them in a healthy condition. Nevertheless, since fungal infection develops rapidly, there
is a high tendency for them to get infected. The paucity of data regarding skin mycoses
among cats in Malaysia leads to this study. Private veterinary clinics from the Central
Region of Peninsular Malaysia were approached for participation in this study. Sampling
was conducted for one year, collecting hair plucked, skin scrapings, and swabs from lesions
of the cats with skin problems and inoculating onto Sabouraud Dextrose Agar media.
Diagnosing the fungal colony was conducted through a direct examination method using
lactophenol cotton blue stain and molecular identification of the isolates using polymerase
chain reaction targeting the fungi species’ internal transcribed spacer region and p-tubulin
gene. Of the 127 cats, 93 were positively infected, mainly with Microsporum canis (n =
38) and Sporothrix schenckii (n = 26). Saprophytic fungi detected on cats were Alternaria
sp., Aspergillus sp., Candida sp., Chaetomium sp., Chrysosporium sp., Curvularia sp.,

Fusarium sp., Geotrichum sp., Penicillium

sp., Talaromyces sp., Trichoderma sp.,
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INTRODUCTION

Cats are among the favourable companion
animals due to their characteristic that a
human easily attracts. Despite bringing joy
to humans, the health management of pets
should be taken seriously, as some animal
diseases are zoonotic and can be transmitted
to humans. The development of fungal
infections among companion animals has
greatly increased globally after bacterial and
viral infections, which are known to be the
major factors that trigger animal diseases
(Seyedmousavi et al., 2018).

Malaysia is a small country divided
into six main regions: the Northern Region,
the Central Region, the Southern Region,
Sabah, and Sarawak. The Central Region is
known to be the nation’s hub. It comprises
Selangor, Negeri Sembilan, the Federal
Territories of Kuala Lumpur (the capital of
Malaysia), and Putrajaya (the administrative
and judicial capital) (Lim, 2002). A survey
conducted in Putrajaya revealed that 47%
of the households kept animals as their pets,
with most respondents (72%) from Precincts
9 and 5 having cats (Debra et al., 2019).

In Malaysia, sporotrichosis was detected
by the Faculty of Veterinary Medicine,
Universiti Putra Malaysia (UPM) on five
adult male crossbred cats that had ulcerated
wounds mostly on their forelimbs, cheek,
and nose because of fighting between them
(Zamri-Saad et al., 1990). As sporotrichosis
is zoonotic, four students who treated the
infected cats were also infected with the
same infection through the cats’ bites and
scratches (Zamri-Saad et al., 1990). The
sporotrichosis among cats in Malaysia is
reported to be caused by cats’ fighting and

contact with a contaminated environment
(Kano et al., 2015). From 1990 to 2010,
only 12 cases of feline sporotrichosis were
reported, and the number has increased
recently; the University Veterinary Hospital
at UPM recorded 80 cases in a year related
to feline sporotrichosis in Selangor from
2008 to 2012 (Azam et al., 2019).
Nevertheless, aside from sporotrichosis,
few fungal infections in cats were reported
in Malaysia. Since Malaysia is a tropical
climate country, the environment is suitable
for fungal growth. Thus, this study aims to
indicate fungal infection among pet cats in
the Central Region of Peninsular Malaysia.
Perhaps this study will help the community
and animal handlers gain knowledge
and exposure regarding skin mycoses in
companion animals, specifically cats.

MATERIAL AND METHODS
Sample Collection

The participating veterinary clinics
around the Central Region of Peninsular
Malaysia were provided with owners’
consent forms, research location consent
forms and questionnaires about their cats’
management. The veterinary clinics also
provided sampling kits comprised of sterile
petri dishes, sterile swabs with Amies
transport media and sterile scalpel blades
for specimen collecting purposes. The
clinicians sampled only cats with skin
lesions suspected of skin fungal diseases
such as ulcerated wounds, erythema,
papules, alopecia, scaling, and their hair
and skin crusting. No asymptomatic cats
were sampled in this study as it is deemed
that the spores are ubiquitously present in
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the environment and do not cause lesions in
healthy animals. Samples (s) collected can
be either hair plucked and/or skin scraping
for suspected dermatophytosis cases and/
or swabs taken from ulcerated wounds for
suspected sporotrichosis cases of the cats
from the infected area. The sampled cats
consisted of both sexes, different types of
breeds and age groups. The sampling was
held for a year, from November 2018 to
November 2019. The total cats sampled
were 127 (n), comprised of hair plucked (s =
80) from 55 cats, skin scraping (s =37) from
29 cats, a swab from the wound (s = 49)
from 36 cats, and the remaining seven cats
had all the three types of samples collected
from the infected area of their body. All the
collected samples were then brought to the
Veterinary Bacteriology Laboratory, UPM,
for a fungal culture procedure.

Sample Inoculation

Sabouraud Dextrose Agar (SDA) media
supplemented with 0.5% chloramphenicol
(Merck, Germany) and cycloheximide
(Merck, Germany) were used to inoculate
all the samples. Each sample was inoculated
in duplicate onto the SDA media. All the
inoculated plates were then incubated at
room temperature for 1-4 weeks with daily
observation. It is recommended to incubate
the plates at 25-27°C in an inverted position
to avoid contamination (Moriello et al.,
2017). The inoculation of the collected
samples showed positive growth of fungal
culture from hair plucked from 49 cats, skin
scraping (n = 16 cats), swab of wound (n =
22 cats), and other six cats with all the three
types of samples taken from the infected
area of their body.

Fungal Culture Identification

The fungal cultures were identified through
two measures: (1) the macroscopic and
(2) the microscopic observations for the
genus identification and molecular method
by polymerase chain reaction (PCR) to
determine the fungal species. The colony’s
structure, texture, and colour were observed
for macroscopic identification before
proceeding with microscopic observation
using lactophenol cotton blue stain and
glass slide. The morphological evaluations
of the fungal culture were based on the
key taxonomy (Ellis et al., 2007) and the
references from the International Society
for Human and Animal Mycology (ISHAM)
database.

Subcultures were conducted after the
species identification to obtain the pure
colony of the culture before proceeding
to PCR. The DNA of the fungal colonies
was extracted using the DNeasy Ultraclean
Microbial Kit (QIAGEN, Germany)
following the manufacturer’s protocol.
Two sets of primer sequences used were
internal transcribed spacer regions (/751
and /7S54) (Ferrer et al., 2001) and the
p-tubulin gene (Bt2a and Bt2b) (Gupta
et al., 2000). A total of 25 pl per reaction
was used with the amplification of PCR at
94°C for 5 min, 35 cycles of denaturation
at 94°C for 45 s, annealing at 55°C for 45
s, and extension at 72°C for 60 s, followed
by cycle at 72°C for 7 min completed in a
thermal cycler (Eppendorf™, Germany).
Gel electrophoresis was conducted using
1.5% agarose gel and visualised under
UV light transilluminator light cabinet gel
documentation. The PCR products were
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then sent to the sequencing service, and the
gene sequences were blasted in the National
Centre of Biotechnology Information
(NCBI) to determine the fungal species.

RESULTS

Identification of M. canis and S.
schenckii

For M. canis, the colony is flat and spreading;
the surface is white to cream coloured with
a fluffy or cottony texture on the surface
and bright yellow to brownish-yellow
pigment on the periphery but sometimes
non-pigmented (Figure 1), similar to reverse
morphology (Figure 2) (Ellis et al., 2007).
The microscopic observation showed
septate hyphae with numerous macroconidia
in spindle-shaped (5-15 cells) (Figure 3),

N

Figure 1. Microsporum canis
colony morphology observed on
Sabouraud Dextrose Agar media
from the sample collected in this
study

4

verrucose thick-walled with a terminal knob.
Only a few microconidia were presented in
pyriform to clavate shape (Ellis et al., 2007).

For S. schenckii, the colony morphology
at room temperature (25-27°C) is small and
white with no hyphae. Since it is a growth
culture, the colony slowly becomes moist
after a week, wrinkled (Figures 4 and 5)
may produce short aerial hyphae, and the
pigmentation varies from white to cream,
then darker to brownish or black (Ellis et
al., 2007). The microscopic morphology of

S. schenckii is septate hyphae and branching
with many small conidia pear-shaped,
where the arrangement sometimes forms
a flower or ‘rosette-like’ (Figure 6) (Ellis
et al., 2007). The conidia are elongated,
one-celled, and smooth-walled (Ellis et al.,
2007).

Figure 2. Microsporum canis Figure 3. Photomicrograph of
reverse colony morphology on macroconidia of Microsporum canis
Sabouraud Dextrose Agar

stained with lactophenol cotton blue

N Figure 5. Sporothrix schenckii Figure 6. Photomicrograph of

Figure 4. Sporothrix schenckii top
colony morphology on Sabouraud

Dextrose Agar Agar media

reverse colony morphology Sporothrix schenckii stained with
observed on Sabouraud Dextrose lactophenol cotton blue
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Fungal Species Identified from
Collected Samples

Out of 127 cats, 93 cats were positive for skin
fungal infections. Of the 93 infected cats,
35 were solely infected with M. canis; one
was infected with M. canis and S. schenckii
infections from the samples inoculated,
and the remaining two were infected by
saprophytic fungi, such as Penicillium sp.
and Fusarium sp. simultaneously with M.
canis. Microsporum canis were highly
isolated from the hair-plucked samples (n
=30 cats) and skin scraping (n = 8 cats).
Out of 38 cats infected with M. canis,
most cats infected were domestic breed (n
= 20), followed by British Shorthair (n =
4), British Longhair (n = 1), Persian (n = 3),
American Shorthair (n = 1), Balinese (n =
1), Munchkin cross (n = 1), Siamese breed
(n = 1), and not stated (n = 6). Although
long-haired breed cats, such as Persian cats,
have a higher tendency to get infected with
ringworms compared to other breeds (Bond,
2010), the condition of the environment also
influences the growth of dermatophytes
(Chermette et al., 2008). Animals can also
carry the fungal spores without having any

Table 1

signs of infection on the animal’s body
(Chermette et al., 2008). This statement is
echoed by Ilhan et al. (2016) and Nichita and
Marcu (2010), where some cats were known
to be a reservoir for M. canis as they did not
show any visible lesions, thus becoming
transient carrier cats.

However, S. schenckii infecting cats (n
= 26) were mostly collected from swabs of
ulcerated wounds. A total of 21 out of 26 cats
were solely infected with S. schenckii. In
comparison, the remaining five infected cats
showed mixed infection with other fungal
species, such as Talaromyces sp., Penicillium
sp., Curvularia sp., and Trichosporon sp.
The other remaining samples collected
from 29 cats showed Aspergillus sp.,
Chaetomium sp., Chrysosporium sp.,
Curvularia sp., Cladosporium sp., Fusarium
sp., Geotrichum sp., Penicillium sp.,
Talaromyces sp., and yeast.

Tables 1 and 2 present the fungal species
found from the sampled cats in the Central
Region of Peninsular Malaysia, identified
using direct examination and molecular
diagnosis.

A single colony of fungal species from the sampled cats in the Central Region of Peninsular Malaysia

Fungal species Number of cats (n)

Fungal species Number of cats (n)

Alternaria sp. 1
Aspergillus sp.
Candida sp.
Chaetomium sp.
Chrysosporium sp.
Cladosporium sp.

—_— = = NN W

Cryptococcus sp.

Curvularia sp. 1
Fusarium sp. 1
Geotrichum sp. 1
Microsporum canis 35
Penicillium sp. 3
Sporothrix schenckii 21

Pertanika J. Trop. Agri. Sci. 47 (3): 645 - 658 (2024) 649



Aina Nazurah Mohd-Khlubi, Sharina Omar, Siti Khairani-Bejo and Puteri Azaziah Megat Abd-Rani

Table 1 (Continue)

Fungal species Number of cats (n)

Trichoderma sp. 1
Xenomyrothecium sp. 1
Xylaria sp. 1
Yeast 2

Note. List of fungal species identified by direct
examination method and (n) indicates the number of
infected cats in this study

DISCUSSION

Dermatophytosis is a skin disease caused by
a superficial fungal infection invading the
keratinised tissues of the hosts by zoophilic,
geophilic, or anthropophilic fungal
organisms, mainly M. canis, Microsporum
gypseum, and Trichophyton mentagrophytes
(Moriello, 2004; Moriello et al., 2017;
Paryuni et al., 2020). The results revealed
that M. canis is a common fungal species
that infect cats easily. A study conducted
by Nichita and Marcu (2010) found that M.
canis is the most prevalent fungal species
observed from skin lesions and fur collected
from cats (26.7%) and dogs (16.8%). From
the sample collected, hair plucked, and
skin scraping from the infected cats found
many M. canis when the samples were
cultured on SDA media. The prevalence of
dermatophytes in cats is usually higher by
20% compared to dogs (Nichita & Marcu,
2010). This fungal species grows after 4
to 7 days of inoculation. Chermette et al.
(2008) stated that ringworm is one of the
most occurring skin mycoses among pets
and livestock. In addition, the infection is
usually characterised by cutaneous lesions
on the animals’ skin, hair, and nails (Paixao
etal., 2001).

Table 2
Mix fungal species on the sampled cats in the Central
Region of Peninsular Malaysia

Multiple fungal species Number of
infecting the sampled cats cats (n)
Aspergillus sp. and 1
Curvularia sp.
Chrysosporium sp. and 1
Cladosporium sp.
Curvularia sp. and 1
Cladosporium sp.
Microsporum canis and 1
Penicillium sp.
Microsporum canis and 1
Sporothrix schenckii
Microsporum canis, Fusarium 1
sp., and Penicillium sp.
Penicillium sp. and 1
Aspergillus sp.
Penicillium sp. and 1
Cladosporium sp.
Sporothrix schenckii and 1
Curvularia sp.
Sporothrix schenckii and 1
Penicillium sp.
Sporothrix schenckii and 2
Talaromyces sp.
Sporothrix schenckii and 1

Trichosporon sp.

Note. List of fungal species identified by direct
examination method and (n) indicates the number of
infected cats in this study

Furthermore, this study found that 15
out of 38 infected cats were young cats
under one year old. According to Paixdo
et al. (2001), animals that are below a year
old are susceptible to dermatophytoses.
This study also observed that the number
of male and female cats infected was
almost equal. This result is in line with
the previous study by Paixdo et al. (2001),
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which claimed that gender does not
influence fungal infection. Other studies
stated that hair coat, sex, age, season of
sampling, and geographical condition did
not show any significant association with
the prevalence of dermatophyte (Proverbio
etal., 2014). Nevertheless, the transmission
of dermatophytes can occur when cats
are exposed to the environment and have
contact with infected hair or fomites from
clippers and brushes (Ilhan et al., 2016). In
this study, the number of infected cats that
frequently went for grooming was high, 24
out of 38.

Apart from dermatophytosis, S.
schenckii recorded many fungal infections
that caused dermatitis in the sampled cats.
Twenty-six (26) cats were positive for S.
schenckii, where 21 were pure culture, and
the remaining four were a combination of
S. schenckii with other saprophytic fungi.
All cats sampled showed ulcerated lesions
on their body parts. Siew (2017) stated that
feline sporotrichosis has been reported in
Malaysia since the 1990s. Thus, since then,
he revealed that S. schenckii sensu stricto
clinical clade D of single strain is Malaysia’s
most common cause of sporotrichosis
(Siew, 2017). Before that, the S. schenckii
clinical clade C and D were reported to be
commonly found in human sporotrichosis
in Asia (Kano et al., 2015).

Sporotrichosis is caused by the
dimorphic fungus, S. schenckii, which can
be present in two forms: (1) yeast form when
invaded the host body (body temperature
state) and (2) mycelial form at environmental
temperature, thus capable of infecting dogs
and cats and other mammalians species,

including horses, camels, cattle, and swine
(Lloret et al., 2013). According to Spickler
(2017), sporotrichosis is contagious in cats
as an abundance of yeasts can be found in
skin lesions, and this organism can enter
the body. However, there is only a tiny
amount of damage or even undamaged on
the skin. Cutaneous, lymphocutaneous and
disseminated forms were the three clinical
forms of sporotrichosis in cats (Lloret et al.,
2013; T. M. P. Schubach et al., 2004). Cats
suffer sporotrichosis in the cutaneous form
usually have multiple, ulcerated and crusted
nodules, draining tracts and abscesses or
cellulitis on the common areas of bites
and scratching during fights, which is the
head, limbs and tail-base region (Lloret et
al., 2013; Reis et al., 2012). In addition,
most cases of cutaneous forms arise from
hematogenous spread, while lymphatic form
can be seen through histology can be either
biopsies or necropsy samples (Crothers et
al., 2009; Lloret et al., 2013; Welsh, 2003).
Other than that, dissemination may occur via
inoculation during grooming, where spores
enter through cuts in the skin (Crothers
et al., 2009; Leme et al., 2007; Lloret et
al., 2013; T. M. P. Schubach et al., 2004).
Nevertheless, systemic or disseminated
sporotrichosis was rarely observed in
humans and animals and was often only
associated with host immunodeficiency
status (Duangkaew et al., 2019; Rodrigues
etal., 2013).

In this study, a cat got a wound after
being hit by a car, and four cats had a
history of sporotrichosis. Late treatment of
a prolonged unhealing wound might also
become the factor that causes the spreading
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or complication of the infection. The
irregularity of treatment and missing the
follow-up could delay the recovery process
and worsen the condition (Chaves et al.,
2013). Several factors contribute to the low
percentage of recovery in sporotrichosis
among cats, such as irregular administration
of medications, difficulty administering
oral medication, and increased virulence
of the fungal species (da Santos Silva
et al., 2018). In addition, the recurrence
might occur as some cats did not always
respond to the treatment (Gremido et al.,
2014). Furthermore, the chances for the
reactivation of the lesions are also high
despite the end of treatment (Chaves et al.,
2013; Gremiao et al., 2011, 2014; Pereira
et al., 2010). Hirano et al. (2006) stated that
medication should be continuously given
for one to two months after the cat appeared
clinically normal to avoid reappearing and
failure of the treatment. Besides, the host’s
immune response is also important to avoid
recurrent infection (Siew et al., 2017).
This study observed that 20 out of 26
cats were male. Based on other studies,
diseases in cats, such as sporotrichosis, were
reported mostly in free-roaming intact males
(Lloret etal., 2013). From the data collected,
21 cats have free access outside their house.
It might be the factor that causes the cats
to get infected with sporotrichosis, as the
fungus species can be found in contaminated
environments, such as living and dead
vegetation (Kano et al., 2015). In addition, S.
schenckii can be isolated from skin lesions,
claws, and nasal and oral cavities (Lloret
et al., 2013; Spickler, 2017). The data in
this study revealed that out of 26 infected

cats, one got the infection from another
cat suffering from sporotrichosis reared in
the same house. Based on several studies,
cats get the infection through scratches and
bites transmitted from infected cats (Kano
etal., 2015; Lloret et al., 2013; Siew, 2017;
Spickler, 2017). In Malaysia, S. schenckii is
the main species causing sporotrichosis in
cats, while S. globosa is extensively reported
in other Asian countries as the main cause
(Moussa et al., 2017).

The hair of animals is a collector of
environmental fungi where indoor pets
are easily contaminated by air-borne fungi
(Aho, 1983). Nevertheless, a study by
Aho (1983) also stated that the spreading
of fungal flora indoors or outdoors is not
constant and varies sporadically. From
this study, 37 sampled cats showed the
growth of saprophytic fungi species from
the inoculated samples, with 13 of the cats
having mixed colonies of fungal species, with
some showing a combination with M. canis
and S. schenckii. The genera of the saprobe
fungi were Alternaria sp., Aspergillus
sp., Byssochlamys sp., Chaetomium sp.,
Chrysosporium sp., Cladosporium sp.,
Curvularia sp., Fusarium sp., Geotrichum
sp., Penicillium sp., Talaromyces sp.,
Trichoderma sp., and Xylaria sp. This study
also observed yeast genera infected five
cats: Candida sp., Trichosporon sp., and two
other unidentified yeast.

The genus of Talaromyces is introduced
as the teleomorph of Penicillium sp. (Yilmaz
et al., 2014). This genus was reported as
endemic in most rural areas in Southeast
Asian countries and commonly found in
contaminated soil, causing pulmonary
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infection in immunocompromised humans
and bamboo rats (Kauffman, 2017). Some
species within the Talaromyces genus, such
as Talaromyces marneffei, are known to cause
pneumonia in a dog from Southern Brazil
(Headley et al., 2017), while Talaromyces
helices cause granulomatous lymphadenitis
in the dog (Tomlinson et al., 2011). Other
than that, Aspergillus sp., Penicillium sp.,
Alternaria sp., Mucor sp., and Fusarium sp.
are the common saprobe fungi frequently
found isolated on the skin of cats and dogs
with dermatophytes infections caused by
contact with contaminated soil, air, and
plants (Paixao et al., 2001; Stojanov et al.,
2009). Besides, Aspergillus sp., Penicillium
sp., and Talaromyces sp. were recognised
as indoor microbiota as they can be found
in dust samples in houses worldwide
(Visagie et al., 2014) while Cladosporium
sp. are common fungi that can be found
worldwide, in outdoor and indoor air
and frequently encountered as secondary
invaders contaminants (Bensch et al., 2018;
Sandoval-Denis et al., 2015). Fusarium
sp. has been reported to cause mycetoma,
keratomycosis, and onychomycosis in
humans (Kano et al., 2002). In contrast,
Curvularia lunata causes diseases in plants,
animals, and humans, and the severity
level varies among patients, thus making
it a public health concern (Bengyella et al.,
2017).

From this study, the cats with the
saprophytic fungi species growing together
with dermatophyte and S. schenckii from
their inoculated samples might be because
of the contaminated environment around
them, as 78 of the total sampled cats stayed

indoors. Other than that, there were two cats
infected with Chrysosporium sp. Although
Chrysosporium sp. is often considered a
contaminant since it is saprophytic fungi
from soil, the clinical symptoms were
similar to dermatophytes infection, causing
misdiagnosis of the species (Dokuzeylul et
al., 2013).

As dermatophytosis and sporotrichosis
are zoonotic (Seyedmousavi et al., 2015,
2018), it can easily be transmitted from
animals to humans naturally since cats and
dogs have a close relationship with human
beings as both animals are known to be
the most popular among pets. Therefore,
zoonotic fungal infections have become a
public health concern (Seyedmousavi et
al., 2018). A study conducted in Italy stated
that cats and dogs should be considered the
primary source of pathogenic dermatophytes
for humans. However, they do not present
any clinical signs of dermatophytosis,
where the risk of transmission of M. canis
to humans is higher in asymptomatic
cats compared to asymptomatic dogs
(Cafarchia et al., 2006; Mancianti et al.,
2003). Besides, the household environment
can be contaminated with M. canis through
either asymptomatic M. canis carriers or
symptomatic animals, which is risky to
human health (Mancianti et al., 2003).
Since M. canis known as a worldwide
zoophilic and zoonotic dermatophyte,
these isolates that are commonly in cats
and dogs can easily be pathogenic and
highly contagious to humans (Miistak et al.,
2019; gubelj et al., 2014). In addition, this
zoophilic species lives in close association
with animals other than humans, and the
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transmission to humans usually occurs
through the reservoirs, where dermatophyte
fungi can occur either symptomatically or
asymptomatically in the fur of animal hosts.
It can become an epidemic (de Hoog et al.,
2017). Another author also mentioned that
M. canis from cats, dogs, horses, and all
other mammals give high zoonotic risk to
humans (Hubka et al., 2018).

Sporotrichosis also has become an
important dimorphic fungal infection as it
is zoonotic, and humans can acquire it via
scratches and bites from infected cats (A.
Schubach et al., 2008; Gremido et al., 2017
Siew, 2017; Tang et al., 2012). Although
there were only 12 cases of zoonotic
sporotrichosis were reported from 1990
to 2010 (Tang et al., 2012; Zamri-Saad et
al., 1990), unpublished data by Chan and
Selvarajah (2013) recorded that feline
sporotrichosis cases showed an increased
trend from 2008 to 2012 with 80 feline
sporotrichosis cases per year in the state
of Selangor. It could be speculated that
the increase in feline sporotrichosis cases
possibly led to increase human cases from
cat scratches and bites (Azam et al., 2019).

Despite the devastating fungal infection,
especially seen in sporotrichosis, most
fungal contaminants are known to be
harmless to healthy humans and animals.
However, if the infection becomes invasive
in a condition that reduces the body’s
resistance to fight against infections, it
can become pathogenic to the host (Aho,
1983; Paixdo et al., 2001). Thus, when
involved with saprobe fungi in handling
mycoses in cats, it is crucial to differentiate
the pathogenic fungi contributing to the
infections.

CONCLUSION

Fungal infections can affect cats through
direct contact with the contaminated
environment or contact with the infected
cats. The infected cats should be treated
right away after being diagnosed. For
future studies, the questionnaire regarding
the management of the cats should be
more precise so that the risk factors can be
analysed. Besides, the sampling area can be
widened to measure the prevalence of skin
mycoses among cats in Malaysia.
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ABSTRACT

The growing demand for agricultural products for food requirements caused the use of
excessive inorganic chemical fertilisers, insecticides, fungicides, and pesticides for a quick
and simple way to maximise and boost crop yield. This practice harmed food safety and
caused the degradation of environmental, physical, and biological conditions. It has become
alarming, and now is the time for a greener approach to increase agricultural output while
minimising the use of inorganic chemical fertilisers. It was proven through many previous
studies that using environmentally friendly biofertilisers has managed to increase crop yield
while reducing the usage of chemical fertilisers. Plant growth-promoting rhizobacteria
(PGPR) are mostly used in biofertiliser production because these types of microbes will
enhance plant growth and yield by mobilising the available nutrients through several
biological mechanisms, including fixation of atmospheric nitrogen, solubilisation, and
mobilisation of phosphate and potassium, phytohormones production, disease suppression,

and stress protection. Understanding their
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action, and the nutritional and physical
requirements for growth is important for
successfully formulating and applying
PGPR as a biofertiliser. The selection of the
right PGPR with the desired characteristics,
the ability to adapt to the environment, and
the ideal formulation of the biofertiliser are
the main criteria that should be emphasised
when determining the success of biofertiliser.
Knowledge and awareness regarding the

© Universiti Putra Malaysia Press



Zakiah Mustapha, Khamsah Suryati Mohd, Radziah Othman, Nik Nurnaeimah Nik Muhammad Nasir,
Mohammad Moneruzzaman Khandaker, Hafizan Juahir and Mohd Fahmi Abu Bakar

use, benefits, and production of PGPR
as a potential biofertiliser are important
and should be explored to fulfil the crop’s
nutritional requirements more economically
and sustainably.

Keywords: Biofertilizer, microbes, nutrient, PGPR,

plant, soil

INTRODUCTION

Agriculture is one of the most powerful tools
in the country’s economic development.
Its activities are important in achieving
rapid economic growth, poverty reduction,
and structural transformation, thus playing
an important role in food security to feed
the growing population. A tremendous
increase in the world population has
led to the increase of high demand and
production of agricultural products year by
year. However, the pandemic, economic
instability, and climate variability have
threatened agricultural growth and put
food security at risk. Unfortunately, in
achieving the goal of feeding the expanding
population, the use of intensive off-farm
inputs such as chemical fertilisers and
pesticides to increase crop productivity
was also increased. The excessive and
indiscriminate use of these chemical inputs
for enhancing agricultural production has
caused a lot of negative impacts on humans,
the environment and biodiversity and risks
to food security.

Amidst the current situation, there
is a growing awareness of mitigating
the agricultural sector and improving
agricultural sustainability, which suggests

regenerative methods that make the best use
of naturally occurring processes and locally
available resources. Biofertilizer is an
organic fertiliser formulated using beneficial
microorganisms such as the plant growth-
promoting rhizobacteria, better known as
PGPR. This microbial inoculant can be
applied to plants and soil to enhance plant
growth and yield by mobilising the available
nutrients through a biological process.
PGPR, through its several mechanisms, such
as the synthesis of antibiotics, enzymes,
and siderophores, can also be exploited as
a successful strategy for protecting plants
against the deleterious effects caused by
biotic and abiotic stresses (Govindasamy et
al., 2008). The application of biofertiliser
on seed, plant surfaces, or soil caused the
beneficial microorganisms to colonise the
plant’s rhizosphere or the interior to promote
plant growth by increasing the availability
of nutrients to the host plant (Fasusi et al.,
2021). It also helps to build up the micro-
flora biological activity and enhance soil
fertility (Fasusi et al., 2021).

The rising awareness of the hazardous
effects and increasing cost of chemical
fertilisers have given momentum to the use
of biofertiliser. Moreover, the production
cost of biofertiliser is lower, with tremendous
potential as an additional, sustainable, and
green source of plant nutrients. Biofertilisers
have now become an important component
of integrated nutrient management (INM)
and integrated plant nutrition systems
(IPNS) (Sangeeth & Suseela Bhai, 2015).
A wide range of PGPR, either in single
species or in combinations, are used to
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supply different kinds of nutrients to the soil
with different modes of action. It produces
a higher yield while being safe for both the
environment and people, which promotes
more sustainable economic growth for
farmers, agriculture, and the nation.

Compared to chemical fertiliser,
biofertiliser will ensure constant
and sustainable nutrient supplies and
prevent nutrient leaching through the
microorganism’s activities. However, in
certain cases, biofertilisers sometimes
require longer to show their real effects.
This mostly occurs in newly applied areas
or problem areas that have long been used
for agricultural or other purposes. It also
requires frequent application of biofertilisers
for the beneficial microbes to dominate a
place and be effectively functional due to
adaptation factors and competition with
other microorganisms in that applied area
(A. Sharma & Chetani, 2017). Nevertheless,
the right timing and frequent application of
biofertiliser can partially substitute, enhance
the function, and then subdue the application
quantities of chemical fertilisers and still
maintain the same yield for the application
of cash or other types of crops (Lyu et al.,
2023; Mustapha et al., 2017).

Studies have demonstrated that PGPR
inoculation on the soil/plant ecosystem
can enhance soil health, soil quality, crop
development, yield, and quality. PGPR
is frequently and widely used in organic
farming and natural agriculture since it
helps to solve issues related to the usage
of chemical pesticides and fertilisers.
Biofertilisers have improved and increased

the number of beneficial microbes in
the soil, thereby promoting a healthy
environment for plants. Numerous field and
greenhouse trials indicate the benefits of
PGPR as a biofertiliser in crop production.
The application of PGPR was proven to
enhance crop growth and yield, giving
crops protection and, at the same time,
conserving natural resources for ultimately
sustainable agriculture and environmental
systems (Garcia-Fraile et al., 2012). The
prospects for improved agriculture using
PGPR are particularly impressive because
they have lower costs, give better yield, and
reduce dependence on chemical substances.
The role of PGPR as a biofertiliser is an
added dimension that, if used properly, can
enhance and optimise the best soil and crop
management practices.

PLANT GROWTH-PROMOTING
RHIZOBACTERIA (PGPR) AND ITS
FUNCTIONAL CHARACTERISTICS

Most beneficial or effective microbes (EM)
in biofertilisers have a close relationship
with plant roots. Rhizobium has symbiotic
interaction with legume roots, while plant
growth-promoting rhizobacteria (PGPR)
refers to any beneficial bacteria that colonise
the region under the influence of the plant’s
roots, known as the rhizosphere. These
beneficial soil bacteria flourish in the plant’s
rhizosphere by growing in, on or around
plant tissues and stimulate plant growth via
direct or indirect means. Numerous species
of PGPR have been studied, and among them
are strains from genera such as Bacillus,
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Pseudomonas, Rhizobium, Burkholderia,
and Enterobacter (Khandelval et al., 2023).

Generally, PGPR functions in three
different ways to enhance plant growth.
As stated above, for biofertiliser, PGPR
can synthesise compounds for plants, such
as hormones and enzymes. They are also
responsible for lessening or preventing
plants from diseases and facilitating the
uptake of certain nutrients from the soil.
Plant growth promotion and development
by PGPR are carried out by both direct and
indirect mechanisms (Figure 1). Symbiotic
and non-symbiotic PGPR showed direct
plant growth promotion through nitrogen
fixation, solubilisation of minerals such as
phosphate and potassium, and production
of plant hormones have been reported for
several bacterial genera (Ashraf et al.,
2004). Indirect plant growth promotion
includes preventing the deleterious effects
of phytopathogenic organisms by producing
siderophores, antibiotics, and enzymes (S.
B. Sharma et al., 2013).

Nutrients
uptake/
fixation/
solubilization
<.
Phytohormone
production

Figure 1. Plant growth-promoting rhizobacteria
(PGPR) characteristics as biofertiliser

Biological nitrogen fixation (BNF),
phosphate-solubilisation, potassium
solubilisation, and phytohormone production
are frequently cited as the main mechanisms
of PGPR in enhancing crop growth and
production. The inoculation of single or
multiple strains of PGPR, which have
multiple beneficial characteristics, is critical
because this technique will reduce the
amount of chemical fertiliser inputs while
increasing crop growth and production.
Thus, using PGPR in biofertiliser production
is the current area of interest in developing
sustainable agriculture. It is emphasised
with the intention of obtaining further
cumulative effects from the specific strains
in the prepared inoculum without having
any negative effects on the environment or
plants.

Nitrogen Fixing Bacteria

Nitrogen is the most important and
commonly considered one of the foremost
restrictive nutrients for plant growth.
Nitrogen in the biosphere is available in the
form of atmospheric nitrogen (N,), which
cannot be utilised by plants (Mustapha et
al., 2018). The natural process of biological
nitrogen fixation (BNF) is to make the
unavailable form of nitrogen from the
atmosphere accessible to plants. The process
has been regarded as the main plant growth-
promotion effect by soil microorganisms. It
involves a specific enzyme called nitrogenase
to convert nitrogen to an accessible form
of ammonia (NH;). The BNF process is
only mediated in nature by bacteria and
certain species of actinomycetes through
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symbiotic or non-symbiotic relationships
with plants (Soumare et al., 2020). The
Rhizobium, which has a high degree of
host specificity when infecting the roots of
leguminous plants, is the best illustration of
the symbiotic relationship between nitrogen-
fixing microbes and plants. Whereas only a
few groups of microorganisms, including
free-living bacteria and blue-green algae, can
fix nitrogen without symbiotic relationships
(Soumare et al., 2020).

The inorganic chemical fertilizer N,
such as urea, is widely used by farmers
because of its immediate effect in supplying
nitrogen to plants. However, many studies
have shown that the application and
increment of chemical fertilizer N only
give a marginal yield increment on plants.
Due to the very low only 30% nutrient
uptake efficiency by plants, the remaining
70% of the applied fertiliser is typically lost
through a variety of processes, including
leaching, evaporation, and surface runoff
to the natural water supply (Anas et al.,
2020). This process will eventually cause
the problem of eutrophication and result in
the emission of nitrous oxide (N,O), carbon
dioxide (CQO,), and greenhouse gas (GHG)
that are harmful to the atmosphere (Kusin
et al., 2015). Moreover, the application
of chemical fertiliser might lead to a
decline in the community of beneficial soil
microorganisms and soil fertility (Zainuddin
etal., 2022).

Therefore, to be utilised as a biofertiliser
on plants, the selection of PGPR with
N,-fixation capability is essential and
necessary (Bakar & Othman, 2022). The

use of N-fixing PGPR in biofertiliser is
significant in reducing the use of synthetic
nitrogen fertilisers. It could also increase the
nitrogen uptake efficiency of the crops, thus
conserving the environment. Biofertilisers
with N-fixing bacteria are formulated
because of their successful ability to fix
free atmospheric nitrogen into the soil and
enter the plant roots. The use of N-fixing
biofertiliser has been proven effective in
reducing the use of chemical fertilisers,
thus reducing the harmful effects on soil and
environmental health.

Phosphate Solubilising Bacteria

Phosphorus is the second most important
macronutrient required by plants after
nitrogen. Phosphorus is widely distributed
in nature, both in organic and inorganic
forms, in a bound state that is not readily
available to plants. This element is still one
of the major plant-limiting nutrients due to
its availability and low solubility in the soil.
It mostly remains in insoluble phosphates of
iron, aluminium, and calcium in the soil (S.
B. Sharma et al., 2013). The main problem
with the application of mineral or organic
phosphates fertiliser is the fact that a large
portion of P-fertilizer is unavailable to plants
because it is bound to the soil, creating a
pool of residual P, or is lost via leaching,
runoff, and/or erosion to the surface water
creating eutrophication (Conijn et al., 2018).
Thus, the important aspect of increasing
soil phosphorus availability is the release
of insoluble and fixed forms of phosphorus
into the form accessible to plants.
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Many PGPR communities known
as phosphate solubilising bacteria (PSB)
were identified, especially from the genus
Bacillus and Pseudomonas (Illmer &
Schinner, 1992; Wani et al., 2007). These
groups of microorganisms are capable
of hydrolysing organic and inorganic
phosphorus compounds from insoluble
compounds. The use of PSB can optimise
crop production by increasing P uptake by
the plant and minimise P losses from soils
by various approaches, including lowering
the soil pH, chelation, and mineralisation
to make phosphorus accessible for plants to
absorb (Ismail et al., 2016; Kalayu, 2019).
PSB will produce organic acids or releases of
protons that lower the soil pH (Kaur, 2019).
It was proven in the P-solubilization test
that a strong positive correlation had been
reported between the solubilisation index
and organic acids produced. The hydroxyl
and carboxyl groups from the organic and
inorganic acids produced by PSB will
chelate the cations bound to phosphate,
thereby converting them into soluble forms.
Production of phosphatases enzyme by
PSB will mineralise the soil organic P by
hydrolysing organic forms of phosphate
compounds, thus releasing inorganic
phosphorus that will be immobilised by
plants (Kalayu, 2019).

Potassium Solubilising Bacteria

In soils, potassium can be found in four
main forms: water-soluble, mineral,
exchangeable, and non-exchangeable
(Kaur, 2019). These forms are not uniformly
distributed throughout soils, but they are

all in a state of dynamic equilibrium with
one another and are often governed by the
physicochemical characteristics of the soil.
The readily available K in soil is usually
very low, at 1-2% of total K, and exists in
soluble and exchangeable forms (Lalitha
& Dhakshinamoorthy, 2014). Most soil
mineral potassium can be found in silicate
minerals, including mica and K-feldspar,
even though they make up more than 90
to 98% and are unavailable for direct plant
uptake (Goldstein, 1994). Release of non-
exchangeable K to the exchangeable form
occurred when levels of exchangeable and
soluble decreased due to crop uptake or
leaching and perhaps by the increase in
microbial activity (Sparks, 1999).

The potassium solubilising bacteria
(KSB) can make up approximately 1-10% of
available soil potassium, which contributes
significantly to plant uptake (Memon et
al., 1988). A few mechanisms involved
in the potassium solubilising process by
KSB include the secretion of organic acids
and inorganic acids and polysaccharides,
acidolysis, complexolysis, chelation, and
exchange responses (Meena et al., 2015).
Since there is abundant insoluble K in
the soil, converting them into a form of
K that plants can absorb may be more
economically feasible. Studies have shown
that a variety of KSBs can cause soluble K
to be released from K-bearing minerals such
as mica, illite, and K-feldspar by producing
organic acid that will dissolve rock and
chelate silicon ions to release K ions into the
soil, which could uptake by plants (Zhang
& Khong, 2014). PGPR such as Bacillus
mucilaginosus, Bacillus edaphicus, and
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Bacillus circulans have been explained as
effective K solubilisers, while other PGPR
such as Burkholderia, Acidithiobacillus
ferrooxidans, and Enterobacter hormaechei
have been described to effectively solubilise
the silicate rocks to produce an available
K for plant uptake (Etesami et al., 2017,
Meena et al., 2015).

Potassium is usually added as an
inorganic fertiliser source to optimise crop
yield. However, intensive application of
inorganic fertiliser has several negative
impacts on the environment as not all
fertilisers will be absorbed by plants. One
possible alternative could be to exploit the
reservoir of K in the soil fully. The use of
K-solubilizing microbes to increase the
concentration of available K ions in the
soil may mitigate K deficiency. Thus, the
potassium solubilisation ability of PGPR
is one of the crucial characteristics that
promote plant growth and development.
The application of KSB as a biofertiliser
could support sustainable crop production
by improving agriculture development by
reducing the use of inorganic chemical
fertilisers or other agrochemicals.

Phytohormone Production

Plant cells typically communicate using
chemical signals secreted from the sending
cell and released to the neighbouring cells.
The plant growth and development process
is majorly impacted by the availability and
communication of transporting mineral
nutrients, hormones, and other secreting
metabolites in the plant cells. In this case,
PGPR has various characteristics and

functions in influencing plant growth and
development, including the production of
plant growth regulators, also known as
phytohormones, such as auxin, gibberellin,
cytokinin, salicylic acid, and ethylene.
Almost all communication in plant cells
is brought by plant hormones produced by
plant cells or by rhizobacteria (Maheshwari
et al., 2015). The synergistic effect of
hormone secretion is one of the main criteria
of PGPR as the attraction to engage with the
plant cells.

The most prevalent auxin phytohormone,
indole acetic acid (IAA), is produced in the
shoot apical meristem of plants and can be
found across the body of the plant. IAA
production was believed to be one of the
bacterial colonisation strategies on plants
other than phytostimulation of the basal plant
defence mechanisms (Spaepan et al., 2009).
IAA secretion by soil microorganisms was
believed to be an important factor for plant
growth and development. It encourages
the growth of more and longer root hairs,
increasing the surface area of the roots
for better water and nutrient absorption
(Vessey, 2003). Furthermore, optimal root
growth boosts root vitality, safeguarding
the plant, particularly from soil-borne pests
and disease infections (Vessey, 2003). Many
PGPRs, such as Bacillus, Acetobacter, and
Herbaspirillum, are isolated from various
rhizosphere crops that can produce IAA. It
was also reported that IAA production by
PGPR has significantly promoted rooting
and growth in many crops such as rice,
wheat, maise, kiwifruit, and oil palm
(Biswas et al., 2000; Erturk et al., 2010; Om
et al., 2009; Spaepan et al., 2009).
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Plants that receive PGPR treatment
frequently develop persistent, broad-
spectrum systemic resistance to a variety
of phytopathogenic bacteria and fungi.
This situation develops through an induced
resistance mechanism response via two
forms, including induced systemic resistance
(ISR) and systemic acquired resistance
(SAR) (Heil & Bostock, 2002). Certain
PGPR that affect plant cells will produce
salicylic acid as their exogenous metabolite
that can induce the resistance mechanism
response in plants (Pieterse et al., 2014).
The induction of ISR and SAR is generally
associated with salicylic acid signalling
and the production of volatile organic
compounds such as 1-aminocyclopropane-
1-carboxylate (ACC) deaminase, which
decreases the plant ethylene levels, thus
inhibiting the functioning of several
phytopathogens (del Carmen Orozco-
Mosqueda et al., 2023). The ACC deaminase
will regulate the endogenous production of
ethylene by PGPR, which is also helpful in
sustaining plant growth and development
under stress conditions (Shaharoona et al.,
2011). Salicylic acid is the plant growth
regulatory phenolic phytohormone that
also serves as an intermediate precursor
in pyochelin siderophores biosynthesis
(Ankenbauer & Cox, 1988). According
to Baldwin et al. (1997), salicylic acid
application to plants has been found to
inhibit the synthesis of jasmonic acid as an
ISR response against pathogens’ infection.
In addition to the involvement of salicylic
acid in SAR, this hormone is involved in
the mitigation of various plant biotic and

abiotic stresses, including both high and low
temperatures, high levels of salt and toxic
organic chemicals (del Carmen Orozco-
Mosqueda et al., 2023).

Plant growth and performance are
significantly influenced by the soil bacteria’s
synthesis of phytohormones. Different
types of PGPR produce different levels of
phytohormone, and one type may produce
more than one type of phytohormone.
PGPR, such as Bacillus amyloliquefaciens,
was proven to produce gibberellins, auxin,
and salicylic acids (Miljakovi¢ et al., 2020;
Shahzad et al., 2016). Since then, it has
also been noted in other bacterial species,
including Acetobacter diazotrophicus,
Herbaspirillum seropedicae (Bastian et
al., 1998), and Bacillus spp. (Gutiérrez-
Maiero et al., 2001). Gibberelic acid
(GA) was initially described in Rhizobium
meliloti (Atzorn et al., 1988). GA causes
early flowering and budding, breaks seed
dormancy, and delays plant senescence.
Naturally occurring cytokinins, such as
zeatin and adenine, have specific functions in
cell division, leaf growth, and the induction
of seed germination (Mok, 1994). Different
bacteria from the genera Proteus, Klebsiella,
Bacillllus, and Pseudomonas have been
reported to have the ability to produce
cytokinins.

Siderophores Production

Iron (Fe) is an essential nutrient for
soil microorganism’s metabolism. It is
contradictory to plant that needs only a trace
amount of iron. The availability of iron in
the soil is always limited because of the low
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iron concentration and very low solubility of
the ferric ion (Fe**) (Siddiqui, 2005). Iron in
the soil builds up in typical mineral phases
such as iron oxides and hydroxides, the
minerals that give the soil its red and yellow
hues, and these minerals cannot be readily
used by organisms. Soil microorganisms
release siderophores to scavenge iron from
its solid phases, resulting in soluble iron
(Fe*") that plants can absorb.

Under conditions of low iron
stress, some bacteria and fungi produce
siderophores, which are ferric-ion-specific
chelating agents (Ngamau et al., 2014)
with a molecular weight of below 1000
Da. Studies have shown that one crucial
mechanism for biological control is the
siderophore-mediated competition for iron
between PGPR and soil-borne pathogens.
Most plants can obtain iron from the soil via
bacterial iron siderophore complexes. The
implications of this condition have reduced
phytopathogens’ ability to compete for root
colonisation (Ren et al., 2005).

Pseudomonas aeruginosa FP6 is the
siderophores producer that was isolated
from the rhizospheric soil and was found
to significantly reduce the growth of
Rhizoctonia solani and Colletotrichum
gloeosporiodes that cause diseases in chilli
(Sasirekha & Srividya, 2016). Siderophores
production by Chryseobacterium C138 has
significantly increased iron, chlorophyll
content, and yield of the iron-starved
tomato plants, indicating that siderophores
are effective in providing iron to the plant
(Radzki et al., 2013). A study found that the
production of the siderophore by Pantoea
sp. strain (EA106) has increased the ability

of roots to absorb iron and promotes
the development of a more oxidative
environment in the rice rhizosphere
(Lakshmanan et al., 2015). The inoculation
with siderophores-producing microbes can
change the levels of both arsenic and iron in
rice, indicating that the bacterial strain may
potentially improve rice quality by lowering
the buildup of toxic arsenic species in the
plant’s aerial parts.

NUTRITIONAL REQUIREMENTS
FOR PGPR GROWTH

It is well known that environmental factors
can impact how bacteria adapt, proliferate,
and produce secondary metabolites. Two
requirements for microbial growth are
the nutritional and physical factors that
vary greatly between species (Cappucino
& Sherman, 2004). The formulation and
production of biofertilisers, as well as the
effective growth of microorganisms in the
laboratory, depend on an understanding of
these requirements. Moreover, bacterial
fermentation must compete favourably
with chemical synthesis in the biofertiliser
market. It is essential since many potential
microbiological uses that have been
considered for developing biofertilisers
depend on whether they can be generated
economically. This is because the
fermentation medium can reduce the cost
of microbial fermentation by up to 30%,
which is critical in the commercial industry
(Hofvendahl & Hahn-Hagerdal, 2000).
Complex media commonly employed
for bacterial growth in the laboratory are
unsuitable for commercial production and
are not economically attractive due to their
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high amount of expensive nutrients such as
yeast extract, salts, and peptone (Batish et
al., 1990).

All bacteria require certain basic
nutrients for life sustenance, and the
requirements vary greatly among species.
Nutritional needs are supplied through a
variety of media that have various essential
nutrients for bacterial growth, such as
carbon, nitrogen, metals and non-metals
elements, vitamins, and water (Cappucino
& Sherman, 2004). Many bacteria can
be grown in laboratories in the nutrient
medium, which are designed to provide all
the essential nutrients needed by bacteria
for their growth. It is one of the several
non-selective media useful in the routine
cultivation of microorganisms. Nutrient
agar/broth is a general-purpose nutrient
medium supporting the growth of a wide
range of non-fastidious organisms. This
medium contains many nutrients needed
for bacterial growth and can grow various
species of bacteria and fungi.

Before being used in the industry,
microbes were typically cultivated in a
nutritional medium of the necessary quantity.
Bacterial cultivation uses a variety of carbon
sources, including glucose, fructose, and
lactose. However, using such pure or mixed
media on an industrial scale would be
quite expensive (Michailides et al., 2015).
Industrial applications of microbes need to
use a more economical carbon source. Thus,
molasses is an important agro-industrial
by-product containing high sugar (48-
50%) (Quan et al., 2005). It can be utilised
as a more affordable source of nutrients
for microbial development compared to

other biological or chemical mediums in
the market. According to Curtin (1983),
the chemical composition of molasses was
almost similar and seemed to be a standard
one. It was then proven by Sutigoolabud et
al. (2004) that the composition of molasses
produced in Thailand and Okinawa was
almost similar, with high concentrations of
total sugars and reduced sugars, as shown
in Table 1.

Molasses is the basic raw material
used for a lot of microbiological processes
(Quan et al., 2005). The dark brown thick
syrup remained as the residue of inverted
sugar crystallisation. Molasses is one of the
other organic materials used as carbon and
nitrogen sources for bacterial growth. Due to
its many benefits, molasses is preferred as a
medium for microbial growth over chemical
substances. It has higher biodegradability
and is effective at extreme temperatures
or pH values, and most importantly, it
has low toxicity (Rodrigues et al., 2006).
High values of caramelised and inverted
sugar in high concentrations of molasses
could usually cause cell toxicities (Baei
et al., 2009). Usually, less than 10% of
molasses is used in a bacterial fermentation
medium, and the percentage depends on the
purpose of the fermentation. Therefore, the
precise amount of molasses to be utilised
as a medium for bacterial growth must be
measured accordingly to achieve optimum
bacterial growth.

There are many types of molasses, but
the one that has gained much attention is
sugar cane molasses. This molasses has
been reported to be used as the growth
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medium in many fermentation processes of
several bacteria and other microorganisms.
The by-product of producing sucrose
from sugarcane, which comprises more
than 46% of inverted total sugar, is cane
molasses (Curtin, 1983), which has a high
concentration of total sugar (38.8%), which
is made up of glucose (3.8%), fructose
(7.9%), sucrose (27.7%), and reducing

sugar (23.5%) (Aslan et al., 1997). Molasses
has been shown to have other additional
minerals other than the sources of carbon
and nitrogen, including manganese, iron,
calcium, potassium, magnesium, succinic
acid, malic acid, citric acid, vitamin B6, and
selenium (Aslan et al., 1997; El-Enshasy et
al., 2008; Sutigoolabud et al., 2004).

Table 1
The chemical and physical properties of molasses, as adopted from Sutigoolabud et al. (2004)
Molasses
Component Produced in Thai Produced in Okinawa
Brix (%) (1:100) 5.1+£0.0 1.2+£0.0
Moisture (%) 246+ 1.3 21.6+1.3
Ash (%) 95+13 16.8 +0.0
Total sugar (%) 38.8+2.9 353+1.6
Reducing sugar (%) 23.5+1.9 249 +47
Glucose (%) 3.8+2.2 41+1.1
Fructose (%) 7.9+1.9 10.9 £3.8
Sucrose (%) 27.7+4.4 244 +4.6
Citric acid (mg/kg) 1179 +81 1002 +462
Malic acid (mg/kg) 410+ 90 603 £ 32
Succinic acid (mg/kg) 2 134+ 60 3218+ 179

Note. All the values are mean of triplicate analysis on a wet weight basis

ENVIRONMENTAL FACTORS ON
PGPR GROWTH

As biofertiliser, the microbial inoculants
will be introduced to the soil, seeds, or plant
itself. The introduced bacteria must adjust
to the soil environment upon inoculation
to achieve successful and effective
colonisation and be vigorous enough
to compete with local microorganisms.
Bacterial growth and survival depend
directly on several environmental factors,
and the requirements differ among species

(Figure 2). These specialised requirements
show how bacteria have adapted to their
surroundings. Environmental factors such
as pH, temperature, available water, nutrient
level, oxygen levels, and competition with
other microbes and toxins could influence
bacterial growth rate and activity. Bacteria
have optimal growth conditions under
which they flourish. However, the stress can
result in reduced or stalled growth outside
their required condition and environment.
Some PGPR, such as Bacillus species,
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may be dormant by the formation of spores
to protect themselves. In more serious
conditions, morphological changes could
happen in the cell, or the emergence of
resistance to the same stress factor or other
types of stress factors or even death (Jones
& Lennon, 2010; Swif;cilo & Zych-Wezyk,
2013).

PGPR has various mechanisms,
including the production of antibiotics,
enzymes, metabolites, and scavenging of
nutrients to protect themselves from biotic
and abiotic stress. Other than protecting
themselves, these mechanisms could also
influence different physiological activities
and induce systemic resistance, thus
protecting plants from the biotic stress
caused by other pathogenic infections
and abiotic environmental stress factors
(Shameer & Prasad, 2018). Studies on the
effect of pH, temperature and salinity on
bacterial growth and extracellular polymeric
substances (EPS) and extracellular enzymes
have been reported for various strains
of microorganisms. A study found that
the growth of Rhizobium meliloti was
increased when the 10% molasses medium
pH was increased from 6 to 8 at a constant
temperature of 28°C (Singh et al., 2011).
They added that at pH 7 in a 10% molasses
medium, the growth of R. meliloti growth
was higher in high temperatures (28-30°C)
compared to lower temperatures (26-27°C),
and the optimum temperature for the highest
bacterial growth was at 28°C.

Other than the effects on bacterial
growth, environmental conditions could
also affect bacterial functions. The pH,

temperature, nitrogen source, carbon
source, organic acid, and iron concentration
influence the production of siderophores
by the Bacillus sp. strain VITVKS and
Enterobacter sp. strain VITVKG6 isolated
from the iron-enriched soil sample (Kumar
et al., 2017). In other cases, the cultural
conditions such as pH and temperature and
media components, for example, carbon
and nitrogen source as well as tryptophan
concentration, have effects on IAA
production of Bacillus and Lactobacillus
species isolated from the rhizosphere soil of
banana, cotton, and maise (Mohite, 2013).

Knowledge and understanding of the
factors affecting microbial growth are
very important in predictive microbiology
approaches to recognise the level of
bacterial response and its efficacy when
used in different soil conditions. As in crop
production, the use of chemical fertiliser
will increase soil salinity. However, a
combination of biofertiliser and chemical
fertiliser has been reported to increase
various crops’ yield and quality. Thus, a
comprehensive study needs to be done
to determine the type of PGPR used as
the inoculant in biofertiliser production.
The ability of a microorganism to survive
and react in other extreme environmental
conditions, such as in too low or high
salinity, high pH, or high temperature,
is also an important characteristic to be
emphasised.

CONCLUSION AND FUTURE
PERSPECTIVES

The demands for agricultural products
and the supply of foods had caused robust
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development in agriculture. This situation
caused the use of many chemical fertilisers,
which are expensive and harmful to the
environment, soil health, and food safety. The
use of biofertilisers is highly recommended
and considered as an alternative to solve
this chemical fertiliser issue. Biofertilizer
is the organic fertiliser prepared by living
microbial cells such as PGPR to activate
the various natural processes and enhance
plant growth and yield through various
mechanisms. Biofertilisers are a promising
tool for crop production and agricultural
ecosystems as a supplementary, renewable,
and eco-friendly source of plant nutrients.
The application of biofertilisers was hoped
to be a key element in maintaining crop
productivity and soil fertility at a sufficiently
high level and vital to achieving sustainable
agricultural goals.

The changing approach to more
sustainable agricultural practices makes

biofertilisers a crucial part of crop
production in this century. A number of
rhizosphere microorganisms, especially
PGPR, were identified to exert multifunction
plant growth-promoting activities. The
selection of the right PGPR with the desired
characteristics and ability to adapt to the
environment, as well as the ideal formulation
of the biofertiliser, is the main criteria that
should be emphasised and very important
in determining the success of biofertiliser.
Some PGPR is root-inhibiting, while others
are free-living diazotrophs in soil and are
believed to develop mechanisms for survival
in the competitive soil environment. Survival
PGPR are protected from competition
with other soil microbes and adverse soil
environmental conditions by producing
secondary metabolites, scavenging nutrients,
and becoming root endophytes.

Several research projects conducted
worldwide have demonstrated the PGPR’s
contributions as a biofertiliser to improve
agricultural productivity and quality and
preserve soil and environmental health.
Despite demonstrating their potential,
biofertilisers are not widely used to replace
chemical fertilisers. Therefore, there is an
indispensable need to encourage individuals,
farmers, and industry participants to explore
the use of PGPR as biofertilisers to achieve
the goal of higher agricultural sustainability.
Farmers and the authorities need to jointly
play a role in making this plan a success and
should be educated and aware of the use
and advantages of biofertilisers. Farmers
should have easy access to biofertilisers, and
government officials should start offering
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rigorous training and capacity building for
agricultural or industrial workers regarding
biofertiliser use, production, maintenance,
and quality control. In addition, it would
be very significant if the authorities could
provide subsidies on biofertilisers to farmers
and encourage them to accelerate the use of
biofertilisers for the time being.
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