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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 in improving quality on issues pertaining to tropical agriculture
and its related fields.

Pertanika Journal of Tropical Agricultural Science currently publishes 6 issues per year (January, February, May,
June, August, and November). It is considered for publication of 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 focusses 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 47 years old; this accumulated knowledge has resulted
in Pertanika Journal of Tropical Agricultural Science being abstracted and indexed in Journal Citation Reports (JCR-
Clarivate), SCOPUS (Elsevier), BIOSIS, National Agricultural Science (NAL), Google Scholar, MyCite, and ISC.

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 programme 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 the written research, with the aim of improving the reporting of research and identifying the most appropriate and
highest quality material for the journal.

99uaI0g [eJnynouby |eoidol] JO [eulnor eyiuepad

99U8I0g |eJn}noLby [eoidol] JO [eulnor eyiuersd

)
g
Q
3
=
Q
[
[e]
c
€
3
3
[e]
o
=
o
T.
o
8
>
[(e]
2.
(e}
<
=
[
=
3
w
Q.
(0]
]
(=]
(0]




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

2. The Chief Executive Editor sends the article-identifying information having been removed, to 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 to strengthen the manuscript. Comments to the editor are in the nature of the significance of the
work and its potential contribution to the research field.

3. 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
to attend to the reviewers’ suggestions and perhaps additional advice on how to revise the manuscript.

Pertanika Journal of Tropical Agricultural Science

4. The authors decide whether and how to address the reviewers” comments and criticisms and the editor’s
concerns. The authors return a revised version of the paper to the Chief Executive Editor along with specific
information describing how they have answered the concerns of the reviewers and 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 the reviewers.

5. 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.

6. 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.

7. 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 online.
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Foreword

Welcome to the sixth issue of 2025 of the Pertanika Journal of Tropical Agricultural Science
(PJTAS)!

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 25 articles: three review articles; and the rest are regular articles. The authors
of these articles come from different countries namely Bangladesh, China, Colombia, Czech
Republic, Indonesia, Malaysia, Philippines, Sri Lanka, Tanzania, and Thailand.

A selected article Salmah Yaakop and team entitled “Species Composition of Bee and Non-bee
Hymenoptera as Effective and Less Effective Pollinators in the Tengku Hassanal Wildlife Reserve
Forest, Pahang, Malaysia, with New Insights from DNA Barcoding”, investigated Hymenoptera
diversity and pollination roles using a combined morphological and molecular approach. Specimens
were collected, DNA from 56 specimens was successfully extracted, and COI gene sequences
were analysed using a Neighbour-Joining tree to examine species relatedness. The study identified
34 species from 33 genera across 11 families. Eight families—including Apidae, Halictidae, and
Vespidae—were recognised as effective floral visitors responsible for meaningful pollination
activity, while three families—Braconidae, Evaniidae, and Ichneumonidae—were categorised
as less effective or incidental pollinators, often functioning as parasitoids. The study not only
establishes vital baseline data for pollinator conservation but also underscores the ecological
significance of maintaining both bee and non-bee hymenopteran populations for forest ecosystem

stability. Full information on this study is presented on page 2007.

A study entitled “Exploring Venom-derived Peptides from Calloselasma rhodostoma Snake as
Promising Cholinesterase Inhibitors for Alzheimer’s Disease Therapy” examined the therapeutic
potential of venom proteins and peptides as natural cholinesterase inhibitors for neurodegenerative
disease management. The study focussed on butyrylcholinesterase (BChE), an enzyme increasingly
linked to the formation of neurotoxic amyloid plaques and disease progression in Alzheimer’s
patients. Venom from C. rhodostoma was extracted and fractionated, followed by biochemical and
proteomic characterisation using ultrafiltration, SDS-PAGE, and LC-HRMS to identify peptide
constituents. In vitro assays were conducted to evaluate inhibitory activity, while molecular
docking analyses assessed peptide—enzyme binding behavior. Several peptides showed strong
inhibitory potential and these promising bioactive peptides highlight the potential of Southeast
Asian pit viper venom as a novel source of therapeutic lead compounds for Alzheimer’s disease.
The detailed information of this article is available on page 2087.



A regular article entitled “Antagonistic Potential and Plant Growth Enhancement by Endophytic
Bacillus Isolated from Citrus Plants”. This study aimed to isolate endophytic Bacillus from citrus
plants as plant growth-promoting bacteria. Endophytic bacteria were initially isolated from
citrus leaf tissue, followed by morphological characterisation and KOH tests and the detection of
growth-encoding (ipdC, acdS, pgqE, and nifH), antibacterial (aiid and sfp), and antifungal (fenD,
bamC, and ituA) genes with specific primers. Thereafter, antagonistic tests against Colletotrichum
sp. were performed, and the Bacillus isolates were applied to citrus seedlings. Detection of the
plant-beneficial traits encoding genes showed that the isolate BYL-4 had all the genes encoding
for growth, antibacterial, and antifungal properties. Antagonist testing revealed that the SH-1,
SH-2, SH-3, BYL-1, BYL-2, BYL-3, B2B, M2, and P4 isolates were able to inhibit the growth of
Colletotrichum sp. The detail of the study is presented on page 2153.

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

journal to your colleagues and students to make this endeavour meaningful.

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

countries around the world as well.

We would also like to express our gratitude to all the contributors, namely the authors, reviewers,
and 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.

Editor-in-Chief
Mohamed Thariq Hameed Sultan
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Abscisic Acid Promotes Ripening in Sapodilla (Manilkara zapota L.)
Fruit after Refrigerated Storage

Nafi Ananda Utama*, Ananda Elmanisa Ramadhani, Indira Prabasari, and
Chandra Kurnia Setiawan

Department of Agrotechnology, Faculty of Agriculture, Universitas Muhammadiyah Yogyakarta, Indonesia

ABSTRACT

Sapodilla is a climacteric fruit with high marketing potential but limited export viability due to
its short shelf life. During transport, the fruit is refrigerated in a semi-ripe state and is expected
to be ready for consumption upon reaching consumers. This study aims to determine the physical
and chemical characteristics of sapodilla fruit treated with abscisic acid after refrigerated storage.
Half-ripe sapodilla fruits (n=66) were selected, washed, and stored at 10°C for 10 days. The fruits
were then divided into control (n=33) and treatment (n=33) groups. Samples in the treatment
group were sprayed with a 0.1% ABA solution before further storage at room temperature for 16
days. During this period, weight loss (%), firmness (N/mm?), total soluble solids (°Brix), titratable
acidity (%), and reducing sugar levels (%) were observed. The Wilcoxon rank-sum test (o0 = 0.05)
was used to analyze mean differences between groups for each parameter. Significant differences
between groups emerged on the 12th day of storage at room temperature. On day 12, ABA-treated
samples exhibited significantly lower firmness (0.13 =0.01 N/mm?) and reduced sugar levels (0.207
+ 0.074%) compared to the control (0.26 + 0.06 N/mm? and 0.427 + 0.040%, respectively). The
titratable acidity of ABA-treated samples (3.57 + 0.26%) was also significantly lower than that of the
control (5.96 + 0.45%). However, ABA-treated sapodilla exhibited higher total soluble solids (17.6
+ 1.53 °Brix) than the control (14.1 = 0.58 °Brix). Similarly, vitamin C content was higher in ABA-

treated samples (0.032 + 0.002%) compared to

the control (0.006 £ 0.007%). These changes

ARTICLE INFO L . .
suggest a synergistic relationship between ABA

Article history:

Received: 18 April 2024 and ethylene. Therefore, the application of ABA
Accepted: 17 April 2025 can accelerate ripening in sapodilla fruit after
Published: 25 November 2025 . .

R . refrigeration.

DOI: https://doi.org/10.47836/pjtas.48.6.01

E-mail addresses: .. . . . . .
nafi@umy.ac.id (Nafi Ananda Utama) Keywords: Abscisic acid, climacteric fruit, fruit
;r;amngghe;rr:;mlsa.fpl 8@mail.umy.ac.id (Ananda Elmanisa ripening, post-harvest, sapodilla, shelf-life

i.prabasari@umy.ac.id (Indira Prabasari)
chandra_fp@umy.ac.id (Chandra Kurnia Setiawan)
*Corresponding author

e-ISSN: 2231-8542 © Universiti Putra Malaysia Press



Nafi Ananda Utama, Ananda Elmanisa Ramadhani, Indira Prabasari and Chandra Kurnia Setiawan

INTRODUCTION

Sapodilla (Manilkara zapota L.) belongs to the Sapotaceae family and is known for its
sweet taste and high nutritional value. It contains 69.46% moisture, 20.0 g of carbohydrates,
15.96% total sugars, and various vitamins (vitamin A, vitamin C, pantothenic acid, and
niacin) and minerals (calcium, potassium, and iron) (Bangar et al., 2022; Shinwari &
Rao, 2020). Sapodilla fruit also exhibits antioxidant activity and phytochemicals, such
as phenols, flavonoids, and anthocyanins (Cortes et al., 2022). In Indonesia, sapodilla,
commonly known as sawo, has gained economic significance. According to BPS-Statistics
Indonesia (2020), sapodilla fruit production increased from 144,966 tons in 2019 to
186,706 tons in 2020. This rise in production indicates the potential expansion of sapodilla
cultivation to meet growing market demand and even possible export opportunities.

However, as a climacteric fruit, sapodilla continues to ripen after harvest, posing
challenges during transportation from orchards to consumers or distributors. During
ripening, total soluble solids increase as starch is converted into soluble sugars, but these
levels decline as the fruit progresses into senescence (Baidya et al., 2020). The firmness of
fleshy fruits irreversibly decreases due to transpiration, respiration, and other postharvest
metabolic processes. Physical weight loss (PWL) increases over time as moisture content
decreases. Additionally, titratable acidity, which indicates organic acid content, declines
as the fruit ripens, as these acids are either utilized in respiration or converted into sugar
(Blissett et al., 2019). These physicochemical changes significantly influence the fruit’s
sensory properties, which are critical in shaping consumer purchasing decisions. Therefore,
controlling ripening-related physicochemical properties is essential to maintaining fruit
quality.

Temperature control is a widely used postharvest handling technique to preserve
fruit quality. Cold storage slows the general metabolism of harvested fruits by reducing
respiration rates and enzyme activity, thereby delaying ripening (Brizzolara et al., 2020).
This method is particularly beneficial for exported fruits, which may take weeks or months
to reach their destination. Typically, fruits are harvested in a semi-ripe condition and
stored at low temperatures to extend shelf life during transit. However, once the fruits
reach their destination, consumers and distributors expect them to be ready for immediate
sale or consumption. Thus, the ripening process must be re-induced to develop desirable
sensory properties.

Abscisic acid (ABA) is a growth-regulating substance involved in fruit development,
maturation, and ripening. The effect of ABA application on fruit ripening is closely
associated with its synergistic relationship with ethylene, a plant hormone crucial in
climacteric fruit ripening. During climacteric fruit ripening, ABA levels peak earlier than
ethylene levels, highlighting its role in regulating ethylene production (Bai et al., 2021).
Previous research mentioned that the core signaling pathway between ABA and ethylene is
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conserved in climacteric fruits, with key regulators (i.e., 9-cis epoxycarotenoid dioxygenase
(NCED), abscisic acid-responsive elements (ABRE) binding proteins (AREB) or binding
factors (ABFs), 1-aminocyclopropane-1-carboxylic (ACC) synthase (ACS) and ACC
oxidase (ACO), and ethylene response factors (ERFs)) and ethylene-related transcription
factors (i.e., Mcm1, Agamous, Deficiens and SRF or MADS-ripening inhibitor (MADS-
RIN), Tomato AGAMOUS-LIKE1 (TAGLT1), Colorless Non-ripening (CNR), and Non-
ripening (NOR)) are highly likely mediating ABA-ethylene interactions (Bai et al., 2021).
However, the precise mechanism of ABA-mediated ethylene regulation during climacteric
fruit ripening remains unclear, requiring further research. This study investigates whether
ABA can be applied to sapodilla fruit to induce ripening after refrigerated storage. To mimic
the postharvest transportation condition, sapodilla fruits were stored at low temperatures
before ABA application.

MATERIALS AND METHODS
Sample Preparation

The sapodilla fruits used in this study were handpicked by farmers in Wonosari,
Gunungkidul, Indonesia (7° 58.0393" S, 110° 36.0668" E). Fruits at a half-ripe maturity
stage were selected based on the physical characteristics described by (Brito & Narain,
2002). Each selected fruit weighed between 80-90 g, was fresh, free from disease, and
had no physical damage. A total of sixty-six sapodilla fruits were obtained and arranged
in groups of three on Styrofoam trays.

Refrigerated Storage Treatment

Before refrigeration, the fruits were washed with water containing 20 ppm chlorine and
then air-dried. The cleaned fruits were subsequently stored in a refrigerator at 10 °C for
ten days, with relative humidity maintained at 95%.

Application of Abscisic Acid Solution

To prepare a 0.1% abscisic acid (ABA) solution, 100 mg of ABA (HiMedia, Mumbai, India)
was dissolved in 500 mL of distilled water and 500 mL of 96% ethanol. Subsequently,
0.05% (0.5 mL/L) Tween 20 was added as a surfactant. This solution was applied to the
treatment group (n = 33) after ten days of refrigerated storage. Before application, the
refrigerated fruits were placed on a metal drying tray and allowed to rest for ten minutes.
The ABA solution was then sprayed onto the fruits to the point of run-off while slowly
rotating them to ensure even coverage. The treated samples were subsequently air-dried
in a dark place and stored at room temperature for 16 days.
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Measured Parameters

The ripening process of ABA-treated sapodilla fruits was monitored over 16 days of storage
at room temperature. Physicochemical parameters were assessed, including physical
attributes such as weight loss and firmness, as well as chemical characteristics such as
total soluble solids (TSS), titratable acidity (TTA), reducing sugar levels, and vitamin C
content. Measurements were conducted every two days, except for weight loss, which was
recorded daily. Each parameter was measured in triplicate to ensure reliability.

Physical Parameters Measurement

Weight loss was determined using an analytical scale (OHAUS Scout Pro, New Jersey,
USA) by subtracting the weight at each measurement point from the initial weight and
expressing the result as a percentage. Firmness was assessed using a fruit penetrometer
(MRC Lab Equipment, Essex, United Kingdom) with a force specification of 13 kg and
a penetration depth of 100 mm. Measurements were taken at three points on each fruit:
tip, middle, and base.

Chemical Characteristics Measurement

Total soluble solids (TSS) were measured using an ATAGO Pal-3 hand refractometer
(ATAGO, Tokyo, Japan). Sapodilla fruits were cut into sections and blended (Miyako,
Jakarta, Indonesia) to extract juice. Three drops of the juice were placed on the refractometer
prism, and the TSS value was recorded in °Brix. Titratable acidity (TTA) was determined
following the method described by (Sadler & Murphy, 2010) and expressed as a percentage.
Reducing sugar levels was quantified using the modified Nelson-Somogyi method
(Romadhoni et al., 2017), while vitamin C content was analyzed according to (Satpathy
etal., 2021).

Statistical Analysis

All statistical computations and graphical visualizations were performed using R in RStudio
(version 2023.06.0). The observed parameter values between treatments on the same day
were analyzed for significant differences using the non-parametric Wilcoxon rank-sum
test with a significance level of 0.05. Line plots were generated using the ggplot2 package.

RESULTS
ABA Application and Weight Loss

Figure 1 illustrates the changes in weight loss and firmness of sapodilla fruit under
different treatments following ten days of refrigerated storage. Both ABA-treated
and untreated fruits exhibited increasing weight loss after being transferred to room
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temperature (Figure 1A). No significant differences were observed between the treatments
across all measured days.
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Figure 1. Changes in physical observation of (A) weight loss and (B) firmness in 16 days of room temperature
storage between sapodilla fruit treated with and without abscisic acid (ABA) after refrigerated storage
(10 days at 10°C). Asterisks (*) represent significant differences between two treatments within the same day
of storage (p = 0.05)

ABA Application Reduces Firmness After Refrigerated Storage

The firmness measurements are presented in Figure 1B. Regardless of treatment, the
firmness of sapodilla fruit continuously declined throughout the observation period.
However, fruits treated with ABA exhibited significantly lower firmness than the control
group on days 12 (P = 0.023), 14 (P = 0.020), and 16 (P = 0.013) of room temperature
storage. On day 12, ABA-treated fruits had a firmness of 0.13 = 0.01 N/mm?, compared to
0.26 = 0.06 N/mm? in the control samples. By the final observation day, firmness values
dropped to 0.02 = 0.01 N/mm? and 0.08 + 0.02 N/mm? for ABA-treated and untreated
fruits, respectively.

ABA Application Enhances Total Soluble Solids and Reduces Sugar Levels

As shown in Figure 2A, the total soluble solids (TSS) content in untreated sapodilla fruit
gradually declined after six days of room temperature storage, with a pronounced drop
between days 10 and 12. In contrast, ABA-treated fruits exhibited an increase in TSS levels
after day 10, continuing to rise throughout the remaining observation period. A significant
difference (P = 0.008) was observed on day 12, where the TSS content in ABA-treated
fruits (17.6 £ 1.53 °Brix) was notably higher than in the control group (14.1 + 0.58 °Brix).
By day 16, TSS levels reached 23.1 £ 1.53 °Brix in ABA-treated samples, whereas control
samples measured 15.3 + 0.58 °Brix.
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A similar trend was observed in reducing sugar content (Figure 2B). Both treatments
initially showed a decline after four days of room temperature storage, with a divergence
occurring between days 10 and 12. On day 12, ABA-treated fruits exhibited a continuous
increase in reducing sugar content (0.427 + 0.040%), while untreated fruits continued to
decline (0.207 £ 0.074%). A statistically significant difference emerged in the final three
days of observation, with ABA-treated fruits reaching 0.475 + 0.034% and untreated fruits
at 0.261 £ 0.007% on day 16 (P = 0.048).
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Figure 2. Changes in chemical observation of (A) total soluble solids, (B) reducing sugar level, (C) total titratable
acidity, and (D) vitamin C level in 16 days of room temperature storage between sapodilla fruit treated with
and without abscisic acid (ABA) after refrigerated storage (10 days at 10°C). Asterisks (*) represent significant
differences between the two treatments within the same day of storage (p = 0.05)

ABA Treatment Reduces Total Titratable Acidity

Both ABA-treated and untreated fruits exhibited a progressive decline in total titratable
acidity (TTA) throughout the 16-day room temperature storage period after ten days of
refrigerated storage at 10 °C (Figure 2C). Similar to the TSS trends, significant differences in
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TTA were observed on days 12, 14, and 16, with untreated fruits maintaining higher acidity
than ABA-treated samples. On day 12, TTA values were 5.96 + 0.45% for control samples
and 3.57 = 0.26% for ABA-treated fruits. The decline persisted until day 16, resulting in
TTA values of 3.28 + 0.52% (control) and 1.49 + 0.26% (ABA-treated) (P = 0.003).

ABA Application Increases Vitamin C Content

Figure 2D presents the vitamin C content of sapodilla fruits under both treatments after ten
days of refrigerated storage at 10 °C. While both groups showed a gradual decline over the
16-day room temperature storage, ABA-treated fruits consistently retained higher vitamin
C levels than untreated fruits in the final three days. By day 16, vitamin C content reached
its lowest values, with ABA-treated fruits maintaining 0.011 = 0.002%, compared to just
0.002 + 0.005% in untreated fruits (P = 0.037).

DISCUSSION

The production of sapodilla fruit in Indonesia is increasing annually, indicating its potential
for global market distribution. However, extending shelf life by delaying ripening during
transport while ensuring optimal ripening upon arrival is crucial for maintaining fruit
quality. Low-temperature storage is a commonly used postharvest technique to slow
the ripening process. In this study, abscisic acid (ABA) was investigated as a potential
trigger for promoting sapodilla fruit ripening after refrigerated storage, mimicking the
transportation process after harvest. While several studies (Kou et al., 2021; Wu et al.,
2023; Zhang et al., 2021) have reported the ability of ABA to accelerate ripening, none
have examined its application after refrigerated storage to enhance ripening and achieve
the desired fruit quality for consumers.

The present study found that applying ABA after refrigerated storage significantly
promoted the ripening of sapodilla fruit. Fruits in the treatment group exhibited significantly
higher total soluble solids, reducing sugar content, and vitamin C levels (Figure 2), while
titratable acidity (Figure 2) and firmness (Figure 1) were lower than those of the control
samples. The differences in ripening parameters between treatment groups highlight the role
of ABA as a ripening promoter in sapodilla fruit. However, physical weight loss showed
no significant difference between treatments (Figure 1).

During storage, fruits inevitably undergo weight loss, which affects their quality. This
weight loss results from water loss due to transpiration and respiration. In fresh produce
such as fruits and vegetables, excessive water loss can reduce quality and cause damage.
As shown in Figure 1A, although not statistically significant, the trendline of weight loss
in sapodilla fruits treated with ABA was slightly higher than in untreated fruits. Similar
results were observed in ABA-treated tomato and capsicum (Prajapati et al., 2019).
Exogenous ABA treatment can activate enzymatic activities, including cell wall-degrading
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enzymes such as polygalacturonase, through the upregulation of genes responsible for
pectin degradation (PcPGl1, PcPG2, PcPL, PcPME2, PcPME3, and PcGALI) and ABA
biosynthesis (PcNCED1 and PcNCED?2) (Xu et al., 2024).

Several mechanisms, including the loss of turgor pressure, pectin degradation, and
damage to the fruit's cell walls, can cause texture changes such as softening in most fruits.
After day 10, sapodilla fruit treated with ABA exhibited significantly lower firmness
values (Figure 1). Similar firmness loss and softening effects have been reported in
various fruit commodities treated with ABA. In non-climacteric strawberry fruits, both
the control and ABA-treated samples showed no firmness loss after 48 hours; however,
thermogravimetric analysis (TGA) revealed cell wall alterations (Castro et al., 2021). The
breakdown of the xyloglucan-cellulose network and pectin solubilization were associated
with cell wall deconstruction, a process mediated by ABA. Total degradation and a decrease
in hemicellulose content were observed in ABA-treated samples due to ABA-induced
breakdown of cell wall polymers, leading to their decomposition into low-molecular-
weight compounds, primarily carbohydrates such as xylose and glucose, which are related
to hemicellulose degradation (Castro et al., 2021; Castro & Morales-Quintana, 2019).

As shown in Figure 1, ABA-treated sapodilla fruit exhibited decreased firmness and
slight weight loss. The relationship between ripening-related physical changes, ABA, and
ethylene has also been explored in previous studies. Long-term kiwifruit storage at 0°C
under varying humidity conditions showed that storage beyond eight weeks led to a rapid
loss of fruit firmness (Huang et al., 2021). The fastest weight loss was observed in low-
humidity conditions due to environmental factors and respiratory metabolism changes,
which accelerated softening. Water loss also promoted ethylene biosynthesis and fruit
softening during storage. However, these changes were not directly linked to an increase in
ABA content. Instead, the strongest correlation was found between ABA concentration in
fruit tissues and firmness reduction, regardless of weight loss. A higher ABA concentration
was associated with decreased fruit firmness, but no correlation was observed between
ABA content and weight loss. This suggests that while water loss may induce ethylene
production and fruit softening, ABA concentration in tissues is more closely related to
firmness than weight loss. The rapid softening of 'Hayward' kiwifruit due to dehydration
may be mediated by ethylene, but ABA’s specific role, whether direct or indirect, remains
unclear (Huang et al., 2021).

The sapodilla samples treated with ABA have higher total soluble solids (Figure 2A)
and reducing sugar content (Figure 2B) compared to control samples. Higher total soluble
solids, indicative of sugar accumulation, were observed in this study and have also been
reported in other fruits, including date, peach, papaya, cucumber, and tomato (Elbar et
al., 2022; Utama et al., 2023). ABA plays a crucial role in various metabolic pathways,
including sugar signaling. Sugar accumulation during fruit ripening can be attributed to
the interaction between ABA and sugar signaling pathways, as well as the release of sugars

1684 Pertanika J. Trop. Agric. Sci. 48 (6): 1677 - 1689 (2025)



Abscisic Acid Promotes Sapodilla Ripening After Cold Storage

from storage carbohydrates or the import of sugars from distal organs via phloem transport
(Gupta et al., 2022).

By stimulating enzymes involved in cell wall degradation, such as pectin methylesterase
(PME) and polygalacturonase (PG), ABA promotes the conversion of complex insoluble
sugars into simple soluble sugars. The respiration rate in ABA-treated fruits decreased,
contributing to higher sugar accumulation (Prajapati et al., 2019). Increased sugar
accumulation reflects a rise in sugar content, including reducing sugars such as fructose
and glucose. Previous research indicated that ABA promotes soluble sugar accumulation in
different climacteric fruits. Application of 600 uM and 800 uM ABA in blueberry conferred
higher soluble sugar than the control samples after 14 and 21 days of treatment. The study
explained that the increase of soluble solids in the initial period of storage was likely due to
a higher rate of'acid and sugar biosynthesis compared to degradation at the time of harvest
when the fruit was not fully ripe. However, these levels subsequently declined in the later
storage period, presumably due to respiratory metabolism (Qiao et al., 2024). A recent study
found the relation between key ABA signal transducers (MdbZIP23 and MdbZ1P46) with
the expression of the MASWEET9b gene transporter, which affected sugar accumulation
in apple fruits (Zhang et al., 2023). The study further elucidates the regulatory impacts
between the ABA-signalling network and fruit sugar accumulation.

As shown in Figure 2C, ABA-treated sapodilla fruit exhibited lower TTA levels than
the control. A similar trend was observed in ABA-treated detached capsicum. Since various
organic acids are catabolized in the later stages of fruit development and storage, titratable
acidity naturally declines during ripening (Prajapati et al., 2019). The higher TTA content in
ABA-treated fruits could be attributed to a reduced respiration rate, as organic acids serve
as respiratory substrates. A lower respiration rate would slow the breakdown of organic
acids, resulting in lower TTA levels.

A study investigating the effects of exogenous ABA on ripening-related genes in citrus
fruit explored the potential relationship between ABA, sugar, and organic acid pathways
(Wang et al., 2016). The study found that ABA significantly decreased organic acid content
and regulated the expression of genes associated with sugar and acid metabolism in citrus
fruits. ABA and sucrose signaling pathways played a key role in citrus fruit ripening, with
transcript levels of CsACOI and CsNADP-IDH in ABA-treated fruits being higher than
those in the control. When the ABA inhibitor nordihydroguaiaretic acid (NDGA) was
applied, the opposite trend was observed, further supporting the role of ABA in promoting
organic acid degradation. The study reported that ABA and NDGA influenced sugar
accumulation and acid degradation during ripening. Sugar-related genes were upregulated,
whereas acid-related genes either decreased or remained unchanged. These findings suggest
that ABA and NDGA play a significant role in the degradation of organic acids such as
malic acid, citric acid, and quinic acid.
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The level of vitamin C was higher in fruits treated with ABA than in the control samples
(Figure 2D). Similar results have been observed in other commodities. Abscisic acid
potentially enhances ascorbic acid accumulation in drought-stressed tomatoes by inducing
the expression of SIMAPKS (Xu et al., 2022). Additionally, abscisic acid mitigates the
inhibitory effect of auxin on ascorbic acid biosynthesis. In strawberries, the accumulation
of ascorbic acid is driven by the upregulation of FaGLDH, FaAPX, and FaMR genes,
suggesting that ABA-mediated regulatory mechanisms play a crucial role in ascorbic acid
biosynthesis during fruit ripening (Zhang et al., 2023). Another study further explained
that in salt-stress-induced strawberries, ABA exogenous application significantly enhances
the accumulation of ascorbic acid compared to the samples in salt stress without ABA
treatment (Crizel et al., 2020). Thus, the protective or acclimatory effect of ABA under
stress conditions favors the ascorbic acid production.

The findings of this study suggest that ABA can be used to promote fruit ripening after
refrigerated storage, presenting new research opportunities for both academia and industry.
The results indicate that exogenous ABA application in sapodilla fruit after refrigeration
storage can extend its shelf life by approximately two additional days compared to untreated
samples. This extension could be commercially beneficial, particularly for long-distance
transportation and export markets. However, it is important to note that different fruits
may respond differently to refrigerated storage and ABA treatment. Future research could
explore various aspects, such as optimizing ABA concentrations, determining the most
effective application methods, and refining refrigerated storage processes in combination
with ABA treatment.

CONCLUSION

Abscisic acid (ABA) treatment after refrigerated storage enhances the ripening qualities
of sapodilla (Manilkara zapota L.) fruit. The application of ABA resulted in higher total
soluble solids, reducing sugar content, and vitamin C levels compared to control samples.
Additionally, ABA-treated sapodilla fruit exhibited lower firmness and total titratable
acidity than untreated fruit. These findings indicate that ABA can effectively promote
ripening in sapodilla fruit following low-temperature storage. This study highlights the
potential of ABA in post-storage fruit ripening, offering insights for further research and
industrial applications. Future studies could investigate the responses of different fruit types,
optimal ABA concentrations, application methods, and the integration of ABA treatment
with refrigerated storage optimization.
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ABSTRACT

At present, fish farmers are searching for cheaper alternatives of fish feed. Here, we assess
the suitability of pea meal (Pisum sativum), with and without enzyme (phytase)/citric acid
supplementation, as a feed for Nile tilapia (Oreochromis niloticus). After 90 days, we recorded
a significant increase in total length, weight, and weight gain in groups fed 60% pea meal, both
with and without citric acid and/or phytase. The number of erythrocytes dropped significantly
against controls in all 60% pea meal groups, while leucocytes were higher in all groups fed 30 and
60% pea meal. No significant changes were recorded in plasma biochemical parameters, except
for aspartate aminotransferase, triacylglycerol, and chlorine which were significantly lower, and
contrarily calcium, sodium and blood plasma iron were significantly higher, than in controls in all
60% groups. Consequently, feed with 30 and 60% pea meal is suitable for feeding farmed tilapia
and enrichment with phytase and citric acid is recommended. The results of the study show that peas
can be a new source of protein in intensive fish aquaculture nutrition. It therefore has the potential
to partially replace soybeans in aqua feeds. Peas may also have the advantage of being a crop easy
to grow, widespread throughout the world, and not genetically modified.
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improve, so the demand for quality plant, and especially animal, foodstuffs increases.
Increasingly, therefore, the agricultural sector is focusing on those areas that can produce
quality food in the shortest time. In livestock production, this is mainly fish and poultry
farming (FAO, 2021).

Quality feed is one of the most important, if not the most important, factors influencing
the growth rate of animals and the quality of the final product. At the same time, however,
feed is one of the main costs in animal husbandry. Consequently, full knowledge of the
impacts of a given nutritional strategy on the quality and marketability of animal products
is essential for the profitability of livestock farming (Szollosi et al., 2021), including
aquaculture (Watson et al., 2021).

Both animal and plant ingredients can be used as the main source of protein in fish
feed; however, not only are these ingredients the most expensive component in the feed
but the digestibility of different forms can vary greatly, with subsequent impacts on fish
growth (Imsland et al., 2016). The digestion pattern of fish, as cold-blooded animals, differs
somewhat to that of warm-blooded animals. From this point of view, ground fishmeal is
a particularly suitable animal protein group in fish feed (Luthada-Raswiswi et al., 2021);
however, it is both expensive and its use carries certain risks, e.g. contamination with
heavy metals (Murthy et al., 2013). Insect meal is beginning to be used in aquaculture
(Bullon et al., 2023) but the most commonly used substitute for fishmeal in animal feed is
soybean (Glycine max) meal. However, soya is the most common genetically modified crop
(GMC) (Sieradzki & Kwiatek, 2006), which restricts its use in Europe, and Europe itself
is far from self-sufficient in non-GMC soybean production (FAO, 2021). Consequently,
efforts are being made to find other high-quality protein sources for animal feed, such as
peas (Pisum sativum) (Allan et al., 2000), peanuts (4rachis hypogaea) (Vo et al., 2020) or
lupine (Lupinus angustifolius) (Glencross et al., 2011).

Peas are an important legume, grown mainly for their tasty fruits, which are high in
vitamins (mainly B vitamins) and minerals, especially phosphorus (P) and potassium (K),
but also calcium (C) and magnesium (Mg). Furthermore, Crépon (2007) reported that
peas contain around 20 to 25% of protein substances and a high lysine content, though
actual content varies depending on the soil quality and length of growing season. Not all
the microelements in peas are available to fish in their natural form, however. Indeed, fish
receive a significant proportion of their P intake from plant foods in a form that is difficult
to utilise as fish do not produce the enzyme phytase, which breaks down the phytate bond
to release P. Therefore, fish digest this form of P poorly and most is excreted in the faeces
and passes into the aquatic environment without being used. Moreover, phytate readily
forms complexes with divalent and trivalent cations of zinc (Zn), C or Mg, which also
limits utilisation of these minerals. Some fish species produce low levels of acid in their
digestive tract, which can negatively affect digestion and nutrient utilisation and increase
the risk of pathogens developing in the digestive tract (Shah et al., 2015).
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In this study, we determine the effect of adding i) pea protein, (ii) pea protein with
added phytase and (iii) pea protein with added phytase and citric acid on a) haematological
and biochemical plasma parameters, and b) production parameters, of Nile tilapia
(Oreochromis niloticus), a fish commonly bred under intensive aquaculture. In doing
so, we determine whether pea protein is a suitable feed additive for intensively reared
tilapia, and whether one, or both, of the additives improve utilisation of the pea protein.
The percentage of pea inclusion in the feed was determined on the basis of the previous
pilot tests. Both doses are high for the reason that they were intended to ensure sufficient
protein in the feed. The hypothesis was as follows: the addition of peas as a protein source
in the diet will not adversely affect the growth and haematological parameters of tilapia.

MATERIAL AND METHODS

Fish

Three hundred and sixty clinically healthy (without injuries and symptoms of disease)
Nile tilapia (originating from our own breeding ponds) were divided into nine groups
comprising two replications, with 180 tilapia per replication. The number of tilapia in
the experiment was determined taking into account the capacity of the recirculation
system and the welfare of the fish. For each test run, 20 weight balanced tilapia (for
mean weights, see Table 1) were placed into an 80 L tank fed by a Nexus Easy 210
recirculation system (Evolution Aqua s.r.0., Czech Republic). Prior to each replication,
the fish were given a two-week acclimatization period, during which they were fed with
a standard KP1 feed mixture.

Table 1
Mean weights (+ standard deviation [SD]) in each treatment tank (two replicates per treatment)

Treatment Tank 1 Tank 2
C 8525+ 1564 ¢ 87.75+15.52 ¢
CF 88.65+10.61 g 87.15+14.88 g
CF+ 87.55+11.63 ¢ 91.00+14.37 g
P30 85.25+19.06 g 86.30+11.84 g
P30F 7835+12.20 g 78.45+15.73 g
P30F+ 9120+ 1236 ¢ 91.95+£11.28 g
P60 88.65+1195¢g 90.70 £ 14.59 g
P60F 77.10+8.50 g 77.85+14.28 ¢
P60F+ 91.35+11.65¢g 88.50 £ 10.00 g

Note. Treatments: 30% (P30) and 60% (P60) pea meal, commercial carp feed as control (C) and feeds enriched
with the enzyme phytase (CF, P30F, P60F) and phytase and citric acid (CF+, P30F+, P60F+)
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Dietary Feed and Feeding During the Table2
Experiment Analytical composition of the feed mixture (KP1)

. . . used in this study
Three diet variants were used in the

experiment. The control (C) group were fed : Component Content
a commercially prepared carp feed (KP1, Moisture (%) 1153

. . . Crude protein (%) 17.84
FMP Silver Mountains, Czech republic)

o Crude fibre (%) 4.81
containing wheat, wheat flour, rapeseed Crude oils and fats (%) 451
cake, wheat bran, soybean meal, barley, ¢ de ash (%) 534
corn and calcium carbonate (CaCOs),  Lysin (%) 0.73
sodium chloride (NaCL) and soybean oil  Methionine (%) 0.29
(see Table 2). In addition, two test variants ~ Calcium (%) 0.96
were prepared by the feed producer, where ~ Phosphorus (%) 0.57
part of the KP1 was substituted with pea  Sodium (%) _ 0.18
meal in the following proportions: 70:30 Eutyiiyjroxyanlml (n(ng)) ;i;

. utylhydroxytoluene (mg .
KP1/pea meal (group P30) and 40:60 KP1/ Vitamin D3 (IU) 1.500.00
pea meal (group P60). Each of these three . . (au) 2.100.00
diets was also prepared as a variant with Sulphate ferrous monohydrate (mg) ~ 100.26
500 FTU of phytase (CF, P30F and P60F)  1odine calcium (mg) 1.02
and 500 FTU of phytase and 3% citric acid  Sulphate cupric pentahydrate (mg) 4.95

(CF+, P30F+ and P60F+). The pea meal

was produced by a local agricultural farm ZD Kojcice using cultivar ESO pea seeds that
had previously been analysed in our laboratory to determine protein content (confirmed
at 20.30%). The phytase used was commercial Phyzyme XP 10.000 TPT in fine granular
form, produced by Danisco Animal Nutrition (United Kingdom), and the citric acid was
a commonly available food grade product suitable for human consumption.

All test fish were fed three times a day at 8§ a.m., noon and 4 p.m. over the 10-week
experiment, with the daily feeding ratio corresponding to 3% of tank stock weight.
Control weighing took place every 14 days (i.e. five times per experiment), after which
the daily feed ration was recalculated based on the actual weight of the fish. The control
days also served for examination of fish health. Mortality caused by aggressive behaviour
due to tilapia switching gender during the experiment was as follows: C = 2 ind.,
CF =0 ind., CF+ = 2 ind., P30 = 4 ind., P30F =4 ind., P30F+ = 0 ind., P60 = 2 ind.,
P60F = 3 ind. and P60F+ = 4 ind.

There were no significant differences in water quality parameters throughout the
experiment (for details see Table 3).
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Fish Body Parameters

At the end of the experiment, the fish were removed from the water, stunned by a blow to
the head and, after collecting blood (see below), they were killed by cutting the branchial
venae. The fish were treated in accordance with current legislative rules and approved by
the Ethics Committee of the Central Commission for Animal Welfare at the Ministry of
Education of the Czech Republic. Ethical approval number is MSMT-6675/2018-3. Each
fish was measured for total length, standard length, body height, body width, body weight,
liver weight, pancreas weight, gonad weight and eviscerated body weight. Three fish were
randomly selected from each group and ground whole for analysis of ash, fat and protein
content, while filleted muscle only was taken from another three randomly selected fish
for the same analysis. All analyses were undertaken at the laboratory of the Department
of Chemistry at Mendel University in Brno (Czech Republic). Fulton’s condition factor,
Clark’s condition factor and the highbackedness and widebackedness index were then
calculated from these basic data (Gela & Linhart, 2000), along with the feed conversion
ratio, specific growth rate, weight gain, hepatosomatic index, viscerosomatic index,
splenosomatic index and gonadosomatic index. (Note that not all parameters are listed in
the tables as some were only used for the calculation of the indices.)

Blood Examination

Blood samples (2 ml) were taken from eight stunned fish in each tank at the end of the
experiment by puncturing the vena caudalis and storing the sample in a heparinised
syringe, rinsed out with heparin sodium salt to avoid coagulation. Each blood sample was
divided into two parts, one being used for haematological examination (haemoglobin,
number of erythrocytes, number of leukocytes, haematocrit), while the other part was
centrifuged (1500 rpm, 5 minutes) using a MPW 140 350R cooling centrifuge (MPW
Med. Instruments, Poland), the plasma obtained being stored in a freezer (Arctiko ULTF
80, Denmark) at -75°C until further analysis. Blood smears, haemoglobin and haematocrit
determination (Svobodova et al., 2012) were undertaken immediately after blood collection.
Blood smears were stained using the Hemacolor Rapid staining kit (Merck, Darmstadt,
Germany). The blood plasma biochemical profile (alanine aminotransferase (ALT),
aspartate aminotransferase (AST), lactate dehydrogenase (LDH), alkaline phosphatase
(ALP), albumin (ALB), cholesterol (CHOL), creatine (CREA), glucose (GLUC), urea
(UREA), total protein (TP), triacylglycerol (TAG), calcium (Ca) and inorganic phosphorous
(PI), sodium (Na), potassium (K), chloride (Cl), iron (Fe) and magnesium (Mg)) was
measured using the Konelab 20i kit and other commercially available kits (BioVendor,
Czech Republic).
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Statistical Analysis

Analysis of variance (ANOVA), with subsequent Tukey post-hoc tests, were used to
determine significant differences between experimental variants, with all data being first
log (x+1) transformed to meet the assumptions of the parametric test - normality of data and
homogeneity of variances. In all cases, each fish was considered as an individual replicate
and differences were considered significant at P < 0.05. All analyses were performed in
Statistica 14 (TIBCO Software Inc., 2020).

RESULTS
Fish Body Parameters

Both tilapia body length and weight increased as the proportion of pea meal in the feed
increased (i.e. P60 > P30), with the addition of both phytase and phytase with citric acid
also having a positive impact. Tilapia in groups P60, P60F and P60F+ all had a significantly
greater body length than those in group C (Table 4). While there was also a significant
increase in body weight in group P60, a similar increase in body weight in groups P60F and
P60F+ was not significant (Table 4). Similarly, while values for Fulton’s condition factor
were significantly higher than C in groups P30 and P60, the increase resulting from the
addition of the two additives was non-significant. In comparison, Clark’s condition factor
tended to remain relatively static, with no discernible trend between groups. Hepatosomatic,
viscerosomatic and gonadosomatic indices also showed no discernible trend in relation
to pea meal content, except for group P30F, where the addition of phytase appeared to
have a significant effect (Table 4). While the widebackedness index showed a significant
increasing trend in groups P30, P30F and P60F+ compared to C and all P60 groups, the
highbackedness index showed the opposite trend, with values in P60, P60F and P60F+ all
being significantly higher than those in C and all P30 groups (Table 4).

Production Parameters

None of the fat, ash or protein parameters examined displayed statistically significant
changes against C, whether in relation to pea meal concentration or addition of phytase or
citric acid (Table 5). Overall trends were variable, with fat content in whole fish similar
between P30 and P60, but showing a decreasing trend in groups P30F and P60F and P30F+
and P60F+. While fat in muscle tended to decrease with increasing proportion of pea meal,
addition of both additives had little or no further effect. Only minor changes were noted
in ash content, with no visible trend among groups. Protein levels in both whole fish and
muscle showed little change, the only notable difference being between group P60F+ and
CF+ (Table 5). Weight gain increased with increasing proportion of pea meal, with the
addition of phytase having a significant positive effect. Feed conversion ratio was highest
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in group C, but fell sharply in groups CF and CF+. There was also a significant reduction in
group P30F, and less so in P60F, following addition of phytase. On the other hand, specific
growth rate increased significantly compared to C in all experimental groups following
addition of phytase. Finally, the FCR:SGR ratio was significantly lower in the P60, P60F
and P60F+ groups than the C, CF and CF+ groups, with a similar but non-significant
decreasing trend for the P30, P30F and P30F+ groups (Table 5).

Haematological and Biochemical Parameters

The number of erythrocytes was significantly lower than C in groups P60, P60F and
P60F+, and slightly lower in P30F and P30F+ (Table 6). In comparison, while the number
of leucocytes showed an increasing trend in the P30, P30F+, P60 and P60F+ groups,
there was a significant decrease in P30F and P60F, i.e. the groups with added phytase.
Haemoglobin and haematocrit values in the P60, P60F and P60F+ groups were significantly
lower than those in the other groups, with the highest contrast between groups CF+ and
P60F+ (Table 6).

Values for AST, Cl and TAG decreased in all experimental groups compared to the
controls, with the decrease being significant in P60, P60F and P60F+. Noticeably, TAG
values for P60F and P60F+ were around half those of the CF, CF+, P30F and P30F+
groups, and those for P60 around two thirds. Likewise, Cl values differed significantly at
P60, P60F and P60F+, with phytase and citric acid having a significant impact, while Ca
levels differed significantly at P30 and P60, with addition of citric acid having a significant
impact. Values for Fe values were increasing increased significantly in all six experimental
groups, while Na values were significantly different in P30, P30F and P30F+ comparing
to both the C and P60 groups, with addition of phytase having a significant impact which
can be viewed in Table 6.

While all other parameters showed increasing or decreasing trends, none of the
differences were significant (Table 6). Both ALP and CHOL in P60, P60F and P60F+,
for example, tended to drop compared the C (ALP) and P30 groups (CHOL), while ALB
values dropped in groups P30F+ and P60F+ compared with CF+, and GLUC and TP
(phytase significant) showed decreasing values in groups P30F, P60F and P60F+, with
values for the other groups tending to fluctuate at the same levels. While non-significant,
there was a clear impact from the addition of phytase on TP, and LDH values were lower
in all experimental groups compared with the controls. Values for Mg and K showed no
significant change in any of the groups, despite the addition of phytase having a significant
positive effect on Mg and addition of citric acid having a significant decreasing effect on
Mg and K. Likewise, CREA, UREA and IP values fluctuated only slightly between groups,
despite the significant positive impacts of phytase on IP and citric acid on UREA.
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DISCUSSION

In this study, addition of pea meal to tilapia feed had a positive impact on fish growth, with
fish in the P30 and P60 groups showing an increase in total length of 3.64% and 6.03%,
and an increase in weight of 11.76% and 18.17%, respectively, compared to the control
group. These figures were increased even further through the addition of phytase and
phytase with citric acid. Interestingly, Schulz et al. (2007), working with tilapia fry (body
weight 2.25 g), came to the opposite results when partially substituting fishmeal protein
with pea meal at 30, 45 and 60%, finding a significant decrease in growth performance
at higher inclusion levels. In one of the most recent studies about the use of new protein
sources in fish feeds by lheanacho et al. (2025) is pea protein considered as promising
alternative to soy. The difference between this and Schulz’s et al. (2007) results is probably
explained by the different age categories of fish examined as tilapia of such a small size
are probably unable to effectively utilise the pea protein. Furthermore, Schulz et al. (2007)
did not enrich the diet with citric acid or phytase. Citric acid has been extensively used
as an additive in aquafeeds, both for acidification and to improve nutrient utilisation, the
associated decrease in stomach pH being shown to have a positive effect on the efficiency
of nutrient utilisation (Sarker et al., 2012). According to Daba and Morris (2021), peas
already contain small amounts of citric acid, averaging around 1-4 g/kg, which would also
aid digestion. Indeed, the addition of 3% citric acid to our feed had the effect of increasing
weight gain in the CF+, P30F+ and P60F+ groups. The same positive results were also
obtained by Shah et al. (2015) after adding citric acid to rainbow trout (Oncorhynchus
mykiss), red seabream (Pagrus major) and rohu (Labeo rohita) feed. Peas are also a
good source of phosphorus and phytase was added to the feed as it is known to improve
phosphorous utilisation (Sajjadi & Carter, 2004). As in previous studies (Adeshina et al.,
2023), we did indeed observe improved phosphorous utilisation after adding this enzyme.
In line with the improved results for fish growth, we also observed improvements in other
production parameters (i.e. highbackedness and widebackedness indices) and in Fulton’s
condition factor in the pea meal supplemented groups, although these parameters showed
no additional improvements following addition of citric acid.

No changes were observed in the nutritional composition of the whole fish body or
muscles in any of the groups studied, regardless of whether pea meal, citric acid or phytase
were added. However, this improvement in muscle composition parameters was not
conclusive, as also found in the study of Nascimento et al. (2021), who studied juvenile
tambaqui (Colossoma macropomum). The tambaqui, a plant-eating piranha, were fed a plant
protein-based diet supplemented with citric acid added and, while there was no negative
effect on fish nutritional status, health or welfare, retention of nutrients and minerals in the
muscle was not improved. Similarly, Hisano et al. (2017) found that acidification of the diet
of pacu (Piaractus mesopotamicus) did not affect fish muscle composition. The fact that
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fish of different species fed a plant protein-based diet with added citric acid did not show
any improvement in muscle composition may be due to the length of the experiment, the
ideal water temperature of the fish species or the different concentration of citric acid in
the diet compared with our own study.

While increasing pea meal content and the addition of citric acid and/or phytase
negatively affected FCR, growth parameters (SGR and weight gain) were affected positively
by increasing the amount of pea meal in the diet and, more importantly, following the
addition of phytase. Djeziri et al. (2020) added 15% of pea meal to tilapia and observed
no positive effect on FCR and SGR of tilapia compared to a control group fed a fish meal
based diet. In this study, these improved results were clearly influenced by the addition of
phytase, which presumably helped to destroy the phosphorus bound in phytic acid. Phytic
acid is classified as an anti-nutritional substance that binds minerals (calcium, iron, zinc
and magnesium) and forms complexes that are difficult to absorb (Baruah et al., 2004).
Ravindran (2000) reported that phytate acid also binds with proteins and amino acids and
causes a decrease in digestibility. Conceicao et al. (2023) noted that digestibility and use
of nutrients and minerals depend not only on the addition of digestive enzymes but also on
breeding condition, the source of protein and the size and age of the fish. Rachmawati et
al. (2018) studied tilapia fry (av. wt. 0.62 + 0.01 g) fed diets with phytase at 500 FTU.kg"!
feed, 1000 FTU kg feed and 1500 FTU.kg' feed, and found that the optimum content of
phytase positively affecting SGR, FCR and weight gain ranged from 1060 to 1100 FTU.kg™'.
In our study, we added phytase at a lower concentration (500 FTU kg™ feed); nevertheless,
the positive effect on the SGR, FCR and weight gain was conclusive. Interestingly, if we
look purely at the effect of adding pea meal, minus the additives, we find that SGR and
weight gain increased with increasing pea protein content while FCR decreased. In terms
of fattening economics, fish grew faster in both groups and were able to use the higher pea
protein content with no problems. However, according to EI-Saidy and Saad (2008), who
examined tilapia fry fed a mixture with cow pea (Vigna sinensis) meal, the replacement
should not exceed 50% otherwise the growth and feed conversion rates would deteriorate.
In this case, it is possible that the use of cow pea was to blame for the difference in results.
The cow pea is a non-cultivar pea variety, and therefore contains less nutrients and more
anti-nutrients than cultivar varieties.

Tilapia are farmed worldwide under intensive aquaculture and, under such conditions,
any stress caused by either poor water quality or inadequate nutrition will quickly become
apparent. Haematological parameters, such as number of blood cells or changes in plasma
mineral composition, are a commonly used method of monitoring for stress in fish (Seibel
etal., 2021). In this study, we decided to evaluate whether the changes in diet would impact
fish welfare in a way that could be monitored with the help of blood cell count and plasma
biochemical parameters. Haemoglobin values decreased slightly in our P30F+ fish group
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and significantly so in the P60F+ group, suggesting that the effect of phytase and citric acid
was less significant than the increasing concentration of pea meal. According to Palikova
et al. (2015), higher levels of haemoglobin and higher erythrocyte counts in fish are most
often caused by increased stress. Kesbic et al. (2024) added pea flour to rainbow trout feed
at concentrations of 25, 50 , 75 and 100%. None of these concentrations had significantly
changed the haematological values of fish, except those fed 100% pea flour diet, which
displayed a reduction in erythrocyte counts, haemoglobin content and haematocrit. The
slight decrease in haemoglobin and erythrocyte values following addition of phytase
(erythrocytes down by 10.5%) and phytase and citric acid (down 9%) in our study,
therefore, suggest that the fish were not subject to any further stress. Novak et al. added
pea flour to trout feed at concentrations of 25, 50 and 75%. None of these concentrations
had any effect. These findings agree with those of Bozorgnia et al. (2011), who recorded
increased numbers of red blood cells, and thus an increase in haemoglobin level, in carp
under stressful conditions. Leukocyte counts should follow the same trend as they have
also been shown to increase in fish under stress (Roberts, 2012). In our study, leukocyte
counts were highly variable with no statistically significant change; nevertheless, except
for the P30F and P60F groups, levels were slightly higher in all groups compared to the
control. While addition of phytase had lowering effect on the reduction in leukocyte count,
there was no apparent positive effect from the addition of citric acid.

While studying mrigal carp (Cirrhinus mrigala) fingerlings, Hussain et al. (2022)
recommended acidification of their seed meal-based diet with 3% citric acid due to its
positive effect on mineral absorption, carcass composition and haematological indices. In
our own study, however, we observed no significant changes in plasma LDH, ALB, CHOL,
UREA, CREA, TP, PI, K or Mg concentrations. Vazirzadeh et al. (2022) suggested that the
CHOL levels could be affected by feeding duration, and although this 60-day feeding test is
standard in length, no changes in CHOL were observed which may be considered positive.
UREA and CREA levels are indicative of feed quality, especially the amount of protein,
and if these levels are within the fish’s physiological limits, it will ensure healthy excretion
by the kidneys and metabolic functioning of the liver (Schrama et al., 2018). Our results
show that these values did indeed remain stable and, therefore, it can be assumed that pea
meal is a suitable source of protein for tilapia. Blood serum Ca and Fe values increased
significantly in our study, especially in the groups with 30% pea meal supplementation,
and significantly so following acidification with citric acid. This improvement in Ca and
Fe could be attributed to maximum liberation of Ca, P, Fe and Cu from the feed ingredients
following acid supplementation (Khajepour & Hosseini, 2012). Levels of GLU in the blood
serum remained stable in all study groups, indicating no significant glycemic response,
even at higher pea-meal concentrations (60%). In agreement with our results, Affonso et al.
(2007) described significantly lower plasma Na and CI concentrations in matrinxa (Brycon
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amazonicus) fed a diet acidified with vitamin C, suggesting that matrinxa displayed a
lowered metabolism and mineral absorption on the new diet. Plasma ALT, AST and ALP
are all cytosolic enzymes found in many tissues; consequently, they are used as blood
plasma indicators of tissue health (Haschek et al., 2009). ALT and AST levels fluctuated
only slightly in our study and, since these refer to the health of the liver, a highly important
organ as regards digestion, we can assume that the addition of pea protein had no effect on
digestion and nutrient utilisation by the fish. AST also plays a role in glucose production
from amino acids (blood glycemic state is a stress marker; Tejpal et al., 2009) and, in our
experiment, AST values decreased proportionally with increasing addition of pea meal
(significantly in all three P60 groups). According to our results, therefore, a diet based on
pea protein is suitable for tilapia and subsequent acidification with citric acid, together
with the addition of phytase, has no adverse effect on the health status of the fish; on the
contrary, in most cases these additives had a positive effect on production parameters.

CONCLUSION

This study showed that fish feed based solely on pea protein is suitable for tilapia, with the
pea meal having a positive impact on fish production parameters. Furthermore, addition
of phytase and citric acid helped decrease any potential negative effects of a plant-protein
based diet, and increased utilisation of feed minerals. Consequently, we suggest that a feed
containing 30 or 60% pea meal is suitable for feeding tilapia under intensive aquacultural
conditions, and its enrichment with phytase and citric acid is recommended.
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