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ABSTRACT
Research on natural feed additives in aquaculture has drawn attention to
phytogenic compounds, such as those derived from tropical plant species of
the Garcinia genus, due to their potential to promote growth, immunity, and
microbial resistance in fish. Garcinia cowa, also known as Asam Kandis in
Indonesian, is notable for its rich content of polyphenols, including
hydroxycitric acid (HCA), a phytochemical with established roles in
antioxidant and antimicrobial processes in humans. This article assesses the
current research regarding the phytochemical composition, bioactivity, and
potential application of G. cowa as a feed additive in fish nutrition. Notably,
to date, no published studies have evaluated the effect of G. cowa inclusion
in fish feed on growth performance, immune system, antimicrobial activity,

and feed efficiency.

INTRODUCTION

Aquaculture is a significant protein source, with high productivity levels (Kong et
al., 2020). The significant demand for animal protein has led to a fivefold rise in
aquaculture production since 1990 (Ottinger et al., 2018). According to the FAO (2024),
aquaculture production has now reached 94 million tons, accounting for 51% of total
fisheries production, with a production value of USD 296 billion. This value is projected
to continue rising in response to the growing demand for animal protein. The
enhancement of aquaculture production is dependent on the provision of adequate feed
and nutrition, as these factors have been shown to influence growth, water quality, and
fish health (Yang et al., 2021). Moreover, fish feed accounts for 50-70% of the total
production cost (Cottrell et al., 2020; Cahya et al., 2023; Andriani et al., 2024),
highlighting the critical importance of providing high-quality feed to optimize the
efficiency of aquaculture operations.

The production of high-quality fish feed requires the use of premium ingredients, as
well as the incorporation of feed additives that have been shown to promote accelerated
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growth and improve fish health. Following the 1997 establishment of regulations
prohibiting the use of antibiotics by the World Health Organization (WHO) and the
subsequent recommendations by the WHO, the Food and Agriculture Organization
(FAO), and the Office International des Epizooties (OIE) in 2006 to reduce antibiotic use
in aquaculture, the use of natural plant-derived ingredients as feed additives and
immunostimulants in aquaculture has undergone continuous development (Dawood et
al., 2018; Luthman et al., 2024; Islamy et al., 2025).

An analysis of the extant research on phytogenic feed additives reveals several
benefits, including enhanced growth performance, reproduction, health, and product
quality (Wang et al., 2024). One promising source of natural ingredients is Garcinia
plants (Hemshekhar et al., 2011). G. cowa is a species known to contain hydroxycitric
acid (HCA), xanthones, and flavonoids (Hemshekhar et al., 2011; Ritthiwigrom et al.,
2013), which exhibit antimicrobial and antioxidant properties (Gupta et al., 2021).
Numerous ongoing studies provide a foundation for understanding the biochemical
composition and potential applications of G. cowa. As posited by Jena et al. (2002b),
phytochemical analysis revealed the presence of hydroxycitric acid (HCA) at
concentrations of 12.7% in the skin, 1.7% in the leaves, and 2.3% in the fruit. This
finding was subsequently corroborated by Jena et al. (2002a) through a comprehensive
review that elucidated the biochemical mechanism of HCA and its impact on lipid
metabolism in various Garcinia species. Despite the promising potential of G. cowa as a
feed additive in fish, the effects of its use on growth performance, immune modulation,
palatability, feed efficiency, and feed storage have yet to be investigated.

In contrast, several studies have examined the effects of feed additive
supplementation from other Garcinia species in fish feed, such as G. mangostana and G.
kola. These studies reported positive outcomes on growth, feed efficiency, and immune
function in two fish species: tilapia (Oreochromis niloticus) and catfish (Clarias
gariepinus) (Dada & lkuerowo, 2009; Soosean et al., 2010; Dada & Oviawe, 2011;
Nyadjeu et al., 2019; Yostawonkul et al., 2023). However, none of these studies have
evaluated G. cowa in fish or fish feed. Therefore, this review explores the potential
benefits of G. cowa supplementation as a feed additive in fish feed.

MATERIALS AND METHODS

This article review employed the systematic review method, a systematic and
explicit approach to analyzing and identifying data focused on the topic of writing. The
data search was conducted in June 2025 using the databases ScienceDirect, Scopus, and
Google Scholar. The data search used a combination of keywords: (“Fish Feed” OR
“Feed Additive”) AND (“Garcinia” OR “Garcinia cowa”) AND (“Bioactive
Compound”). The screening process utilized inclusion and exclusion criteria (Table 1),
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which include the year of publication (2000-2025), the article's origin from research
results, and the subject areas of agriculture, chemistry, and medicine.

Table 1. Inclusion and exclusion criteria

Criteria Inclusion Exclusion

Book, Review Article,

Study Design Research Article Conference and Abstract
Topic Discuss Garcinia cowa, Garcinia Out of these topic
Language English Other language
. Agriculture, Chemistry, .
Subject Area . Out of these topics
Medicine
RESULTS

Phytochemical compound of G. cowa

Garcinia is a tropical plant genus comprising more than 250 species (Sweeney,
2008; Ritthiwigrom et al., 2013), distributed across regions such as Africa, Asia,
Polynesia, and Australasia (Sweeney, 2008; Negi et al., 2010; Gaudeul et al., 2024).
Members of the Garcinia genus have long been utilized in traditional medicines, with
various parts of the plant—including leaves, fruits, flowers, rind, and stem bark—being
applied for therapeutic purposes (Hemshekhar et al., 2011). G. cowa, known as Asam
Kandis in Indonesia, Kandis in Malay, and Chamuang in Thali, is one such species. It is
predominantly found in Southeast Asia, with notable prevalence in Thailand, Malaysia,
Indonesia, and Myanmar (Ritthiwigrom et al., 2013; Yorsin et al., 2023).

G. cowa has been recognized as a key component of traditional medicinal
preparations used to treat fever, improve blood circulation, alleviate coughs, and ease
indigestion (Ritthiwigrom et al., 2013; Wahyuni et al., 2015; Yorsin et al., 2023;
Handayani et al., 2024). According to Negi et al. (2010), the fruit rind extract of G.
cowa has demonstrated antioxidant, antibacterial, and antimutagenic properties. As
shown in Table (2), numerous studies have indicated that G. cowa contains bioactive
compounds throughout various parts of the plant, including the fruit, rind, twigs, stem
bark, latex, and leaves.



Table 2. Bioactive compound of G. cowa

No Bioactive compound category Plant part Extraction Activity Reference
1 a-mangostin (0.72%) Fruits Ethanol 70% Antioxidant (Guptaetal.,
xanthochymol (8.46%) (2021)
total phenolic (64.72 mg GAE/g)
total flavonoid (56.18 mg QE/Q)
2  hydroxycitric acid (1.68 g/100g) Fresh leaves Water Not reported (Jena et al., 2002)
hydroxycitric acid (2.86 g/1009) Fresh fruit Water
hydroxycitric acid (12.70 g/100g) Dried rinds Water
hydroxycitric acid (10.21 g/100g) Dried rinds Acetone
hydroxycitric acid (12.26 g/100g) Dried rinds Methanol
3  Cowaxantone Twigs Acetone Anti-inflammatory, (Panthong et al.,
antioxidant 2009)
4 not reported Dried fruit rinds Hexane Antioxidant, (Negi et al., 2010)
Chloroform antimutagenic
5 chamuangone (73.0 %) Dried leaves n-hexane Not reported (Rahman et al.,
2024)
6 total phenolic content (42.87 — 153.68 Leaves Hexane, ethyl Antioxidant, (Wannaetal.,
mg GAE/100 g) Fruit rind acetate, ethanol Antidiabetic 2023)
Stem bark 70%
7 total phenolic content (103.56 mg Leaves Water (70 °C) Vasorelaxation (Yorsin et al., 2023)
GAE/100 g)
total flavonoid content (15.04 mg
QE/100 g)
8 garcicowanones A, garcicowanones B, Immature fruit Acetone antibacterial (Auranwiwat et al.,
9-hydroxycalabaxanthone, - 2014)
mangosten, fuscaxanthone,
cowaxanthone, cowanin, a-mangostin,
cowagarcinone, and rubraxanthone
9  rubraxanthone (32.42%) Stem bark Ethyl acetate Not reported (Hamidi et al.,

Indexed in (SCOPUS *qu LSEVIER
o BRA

IUCAT




Exploring the Potential of Garcinia cowa as a Phytogenic Feed Additive for Fish

163

No Bioactive compound category Plant part Extraction Activity Reference
2017)
10 cowanone, B-mangostin, a-mangostin,  Dried Acetone Antibacterial (Trisuwan &

cowanin, fuscaxanthone, 9-
hydroxycalabaxanthone, garcinianone,
cowanol

inflorosceneces

Ritthiwigrom 2012)

11  methyl 2,4,6-trihydroxy-3-(3- Leaves Dichloromethane Cytotoxic (Wahyuni et al.,
methybut-2-enyl)benzoate 2015)
garcinisidone-A
3-(1-methoxycarbonyl-4,6-
dihydroxyphenoxy)-6-methoxy-3,5-
di(3-methyl-2-butenyl)-1,4-
benzoquinone

12  Garciacowanin Stem bark n-hexane Anti-inflammatory  (Dewi et al., 2025)

13  polyhenol Leaves Sabouraud dextrose  Endophytic fungi (Handayani et al.,
flavonoid Stem bark agar (SDA) for antimicrobial 2024)

root

14 cowabenzophenones A Ripe fruit methanol Cytotoxic (Sriyatep et al.,
cowabenzophenones B 2014)

15 Not reported leaves Ethanol antibacterial (Ngamsurach &

Praipipat 2022)

16 Xantone latex acetone Not reported (Mahabusarakam

et al., 2005)
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The use of G. cowa extract in traditional health systems has been documented for its
efficacy in addressing a wide range of ailments. As shown in Table (2), the
phytochemical content of G. cowa includes xanthones and their derivatives, flavonoids,
phenolic acids, and organic acids. Several studies have explored the potential of G. cowa
extract as a natural antioxidant, particularly in biscuit production (Nanditha et al., 2009),
focusing on its ability to inhibit advanced glycation end products (AGEs) and its anti-
diabetic properties (Charoensup et al., 2022; Wanna et al., 2023). Additionally, its role
in reducing oxidative stress in Wistar rats has been investigated (Gupta et al., 2021),
along with its antibacterial properties against Staphylococcus aureus, Escherichia coli,
and methicillin-resistant Staphylococcus aureus (Ngamsurach & Praipipat, 2022;
Handayani et al., 2024). Research by Shiekh et al. (2019) also reported its ability to
inhibit melanosis and microbial activity in Pacific shrimp during storage. Furthermore,
the vasorelaxant effects of G. cowa on Wistar rats have been documented (Yorsin et al.,
2023). Despite these promising findings, there has been a lack of subsequent research on
the effects of G. cowa extract on growth, health, or feed efficiency in fish.

The potential of G. cowa as phytogenic feed additive

The prohibition of certain antibiotics, coupled with the rapid emergence of diseases,
necessitates the implementation of effective countermeasures to ensure the sustained
productivity of aquaculture. Natural antimicrobials and antibacterials, which can serve as
alternatives to antibiotics, are preferred due to their lower side effects compared to
synthetic antibiotics (Wang et al., 2024). Existing literature highlights the significant
antioxidant content of G. cowa extract (Panthong et al., 2009; Negi et al., 2010; Gupta
et al., 2021; Wanna et al., 2023). Additionally, the anti-inflammatory properties of G.
cowa extract have been documented (Panthong et al., 2009; Dewi et al., 2025).
Furthermore, the antimicrobial and antibacterial properties of G. cowa extract have been
demonstrated (Trisuwan & Ritthiwigrom, 2012; Auranwiwat et al., 2014,
Ngamsurach & Praipipat, 2022; Handayani et al., 2024), and several other bioactive
compounds have shown significant potential for use as feed additives in fish (Table 3).
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Table 3. Application of Garcinia on fish feed

Species Object

Product used

Result

Reference

G. mangostana  Clarias gariepinus

Oil from seed

Defatted Garcinia mangostana (DGM) has
been found to contain minerals such as
potassium, magnesium, and iron. The
supplementation of DGM at concentrations up
to 72 grams did not exert a deleterious effect
on the growth of Clarias gariepinus, and no
discernible differences were observed among
the various treatments.

(Ajayi et al., 2013)

G. kola Clarias gariepinus

Ethanol extraction

The incorporation of G. kola extract, with
concentrations ranging from 2 g/kg of feed up
to the maximum dosage, has been observed to
enhance growth parameters such as weight
gain (WG), specific growth rate (SGR), and
average daily gain (ADG). Additionally, feed
efficiency metrics, including feed conversion
ratio (FCR), have demonstrated positive
improvements. The effects of G. kola extract
on haematological parameters such as white
blood cell (WBC) count have also been
documented, suggesting its potential to
support the immune system.

(Dada & Ikuerowo
2009)

G. kola Egg quality of

Clarias gariepinus

Powder

The supplementation of feed with up to 200
g/kg of the subject material had no deleterious
effect on the process of egg fertilization. In
fact, it was found to have a positive effect on

(Dada &
Ebhodaghe 2011)
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Species

Object

Product used

Result

Reference

fecundity and egg diameter. However, these
increases were not statistically significant
when compared to the control treatment.

G. kola

Clarias gariepinus
fingerling

Powder

The addition of G. kola at a dose of 100 g/kg
feed resulted in optimal growth performance
and feed efficiency, exhibiting a significant
difference compared to the control treatment.

(Dada & Oviawe
2011)

G. mangostana

Macrobranchium
rosenbergii

Hot
extraction

water

The injection of G. mangostana extract into
M. rosenbergii has been demonstrated to
positively impact the immune system and
physiological  regulation. These results
demonstrate the potential of G. mangostana as
a feed additive.

(Kitikiew et al.,
2023)

G. mangostana

Macrobranchium
rosenbergii

Powder

The utilization of G. mangostana as an
immunostimulant,  administered  through
dietary interventions, has been demonstrated
to enhance growth and fortify resistance to the
pathogen Lactococcus garvieae.

(Kuo et al., 2023)

G. mangostana

Edwardsielle
ictaluri,
Flavobacterium
columnare, and
Streptococcus iniae

Acetate and
methanol
extraction

G. mangostana extract demonstrated no
activity against E. ictaluri and S. iniae.
However, it was effective in inhibiting the
growth of F. columnare. These results suggest
the potential utilization of G. mangostana
extract as a natural antibiotic for F.
columnare.

(Meepagala &
Schrader 2018)
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Species

Object

Product used

Result

Reference

G. kola

Oreochromis
niloticus

Powder

The supplementation of 6% G. kola meal has
been demonstrated to enhance the growth
performance of tilapia fingerlings. However,
the utilization of G. kola has been observed to
disrupt the gonadal development process,
particularly in female specimens.

(Nyadjeu et al.,
2019)

G. kola

Oreochromis
niloticus

Powder

The addition of G. kola meal to commercial
feed has been demonstrated to enhance
growth, with optimal levels ranging from 30g/
kg. However, the most effective treatment for
inducing sex reversal is 20g/ kg. This study
demonstrates the potential for an alternative
method for 17-a-methyl testosterone in the
sex reversal process, given its substantial cost.

(Sarr et al., 2023)

G. mangostana

Clarias gariepinus

Methanol
extraction

The study found that G. mangostana extract,
derived from the leaf, fruit shoot, and fruit
rind, exhibited a substantial increase in both
red blood cells (RBCs) and white blood cells
(WBCs). Regarding growth parameters, G.
mangostana extract did not exert a Negative
Impact on SGR, ADG, FCR, and CF.

(Soosean et al.,
2010)

G. mangostana

Lates calcarifer

Hot
extraction

water

The investigation revealed that the utilization
of G. mangostana peel extract as a rearing
medium for seabass infected with Aeromonas
hydrophila yielded optimal performance at a
concentration of 60 ppm. Indeed, the

(Thiankham et al.,
2024)
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Species Object

Product used

Result

Reference

treatment involving G. mangostana extract
demonstrated an augmentation in RBC, WBC,
and Hb. Consequently, these findings suggest
the possible utilization of G. mangostana as
an antibiotic for A. hydrophila.

G. mangostana ~ Oreochromis
niloticus

Extraction loaded
in nano-emulsion

The implementation of the nanoemulsion
extraction method, subsequently incorporated
into a commercial feed, resulted in enhanced
growth and feed efficiency. Furthermore, the
tilapia exhibited enhanced resistance to
Aeromonas veronii, as evidenced by an
increase in lysozyme activity, ACH50
activity, and total immunoglobulin levels.

(Yostawonkul et al.,
2023)

G. gummi-gutta  Pangasionodon
hypophthalmus

Aqueos extraction

The utilization of a 2 g/kg diet of G. gummi-
gutta extract on fish feed has demonstrated the
potential to enhance immunity and growth
performance in P. hypophthalmus.

(Prasad &
Priyanka 2011)
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Garcinia, a genus known for its rich phytochemical content, has been widely
explored as a potential herbal ingredient to replace antibiotics in aquaculture. Several
studies have investigated various species of Garcinia as fish feed additives, including G.
kola (Dada & lkuerowo, 2009; Dada & Ebhodaghe, 2011; Dada & Oviawe, 2011;
Nyadjeu et al., 2019; Igwegbe et al., 2021; Sarr et al., 2023), G. mangostana (Soosean
et al., 2010; Ajayi et al., 2013; Meepagala & Schrader, 2018; Kitikiew et al., 2023;
Kuo et al., 2023; Yostawonkul et al., 2023; Thiankham et al., 2024), and G. gummi-
gutta (Prasad & Priyanka, 2011). However, to date, no research has been conducted on
the use of G. cowa extract in fish feed.

CONCLUSION

Garcinia cowa, also known as asam kandis, is a species within the Garcinia genus
that shows considerable promise as a potential fish feed additive. The phytochemicals it
contains, including hydroxycitric acid (HCA), xanthones, flavonoids, garciacowanin,
mangostin, and polyphenols, have demonstrated efficacy in treating inflammation,
bacterial infections, and oxidative stress. Additionally, these phytochemicals possess
vasorelaxant properties and have been shown to promote growth. However, to date, there
has been a lack of research, specifically addressing the use of G. cowa as a feed additive
in fish. This paper aims to provide a scientific rationale for the experimental testing of G.
cowa in relation to growth performance, immunity, health, hematology, and feed
efficiency in aquaculture.

REFERENCES

Ajayi, ILA.; Olaifa, F.E. and Omoniyi, M.M. (2013). Chemical Analysis and Nutritional
Assessment of Defatted Garcinia Mangostana Seeds Used as an Additive on the
Feed of Fish (Clarias Gariepinus). Glob. J. of Sci. Front. Res. Chem., 13: 39-48.
https://repository.ui.edu.ng/server/api/core/bitstreams/ed03e8e3-c627-42e1-adac-
1f03ce0c1985/content

Andriani, Y.; Anasih, R.; Iskandar; Pratiwy, F.M.; Wiyatna, M.F. and Pratama,
R.1. (2024). The Effect of Probiotic-Induced Fermentation of Restaurant Waste on
the Growth of Common Carp (Cyprinus carpio) Fry. Int. J. of Adv. Sci. Eng. Info.
Tech., 14(1): 157-163. https://doi.org/10.18517/ijaseit.14.1.19194

Auranwiwat, C.; Trisuwan, K.; Saiai, A.; Pyne, S.G. and Ritthiwigrom, T. (2014).
Antibacterial tetraoxygenated xanthones from the immature fruits of Garcinia cowa.
Fitoterapia, 98: 179-183. https://doi.org/10.1016/j.fitote.2014.08.003

Cahya, M.D.; Andriani, Y.; Risdiana, R.; Rossiana, N. and Wiyatna, M.F. (2023).
The Effect of Fermentation on Increasing the Physico-Chemical Quality of Fish



170 Cahyaetal., 2025

Feed Based on Food Waste. App. Mech. and Mat., 916: 63-70.
https://doi.org/10.4028/p-vx5nyu

Charoensup, R.; Betangah, M.E.; Suthiphasilp, V.; Phukhatmuen, P.; Maneerat, T.;
Duangyod, T. and Laphookhieo, S. (2022). Antidiabetic properties of
garciniacowone L, a new xanthone with an unusual 5,5,8a-trimethyloctahydro-2H-
1-benzopyran moiety, and other xanthones from the twig extract of Garcinia cowa
Roxb. ex Choisy. J. of King. Saud Univ. Sci., 34(6): 102201.
https://doi.org/10.1016/j.jksus.2022.102201

Cottrell, R.S.; Blanchard, J.L.; Halpern, B.S.; Metian, M. and Froehlich, H.E.
(2020). Global adoption of novel aquaculture feeds could substantially reduce
forage fish demand by 2030. Nature Food, 1(5): 301-308.
https://doi.org/10.1038/s43016-020-0078-x

Dada, A.A. and lkuerowo, M. (2009). Effects of ethanolic extracts of Garcinia kola
seeds on growth and haematology of catfish (Clarias gariepinus) broodstock. Afr.
J. of Aqua. Res., 4(4): 344-347. https://doi.org/10.5897/AJAR.9000249

Dada, A.A. and Ebhodaghe, B.E. (2011). Effect of Garcinia kola seed Meal on Egg
Quiality of the African Catfish (Clarias gariepinus) (Burchell) Broodstock. Cam. J.
of Exp. Bio., 7(1): 1-8. https://doi.org/10.4314/cajeb.v7i1.69656

Dada, A.A. and Oviawe, N.E. (2011). The use of bitter kola Garcinia kola dry seed
powder as a natural growth promoting agent for African sharptooth catfish Clarias
gariepinus  Fingerlings. Afri. Jour. of Aqua. Sci., 36(1): 97-100.
https://doi.org/10.2989/16085914.2011.559703

Dawood, M.A.O.; Koshio, S. and Esteban, M.A. (2018). Beneficial roles of feed
additives as immunostimulants in aquaculture: a review. Rev. in Aqua., 10(4): 950-
974. https://doi.org/10.1111/raq.12209

Dewi, I.P.; Dachriyanus; Aldi, Y.; Ismail, N.H.; Osman, C.P.; Putra, P.P. and
Wahyuni, F.S. (2025). A new xanthone from Garcinia cowa Roxb. and its anti-
inflammatory activity. J. of Ethno., 343: 119380.
https://doi.org/10.1016/j.jep.2025.119380

FAO. (2024). The State of World Fisheries and Aquaculture 2024. In The State of World
Fisheries and Aquaculture 2024. FAO. https://doi.org/10.4060/cd0683en

Gaudeul, M.; Sweeney, P. and Munzinger, J. (2024). An updated infrageneric
classification of the pantropical species-rich genus Garcinia L. (Clusiaceae) and
some insights into the systematics of New Caledonian species, based on molecular
and morphological evidence. PhytoKeys, 239: 73-105.
https://doi.org/10.3897/phytokeys.239.112563



Exploring the Potential of Garcinia cowa as a Phytogenic Feed Additive for Fish 171

Gupta, P.C.; Kar, A.; Sharma, N.; Singh, P.K.; Goswami, N.K.; and Kumar, S.
(2021). Protective effect of standardised fruit extract of Garcinia cowa Roxb. ex
Choisy against ethanol induced gastric mucosal lesions in Wistar rats. Ann. of
Med., 53(1): 1696-1708. https://doi.org/10.1080/07853890.2021.1981548

Hamidi, D.; Aulia, H. and Susanti, M. (2017). High performance thin layer
chromatography: Densitometry method for determination of rubraxanthone in the
stem bark extract of Garcinia cowa Roxb. Pharmacognosy Research, 9(3): 230—
233. https://doi.org/10.4103/pr.pr_144 16

Handayani, D.; Muslim, R.l.; Syafni, N.; Artasasta, M.A. and Riga, R. (2024).
Endophytic fungi from medicinal plant Garcinia cowa Roxb. ex Choisy and their
antibacterial  activity. J. of App. Phar. Sci, 14(9): 182-188.
https://doi.org/10.7324/JAPS.2024.180510

Hemshekhar, M.; Sunitha, K.; Santhosh, M.S.; Devaraja, S.; Kemparaju, K.;
Vishwanath, B.S.; Niranjana, S.R. and Girish, K.S. (2011). An overview on
genus Garcinia: Phytochemical and therapeutical aspects. Phytochem. Rev., 10(3):
325-351. https://doi.org/10.1007/s11101-011-9207-3

Igwegbe, C.A.; Ighalo, J.O.; Onukwuli, O.D.; Obiora-okafo, I.A. and Anastopoulos,
I. (2021). Coagulation-flocculation of aquaculture wastewater using green
coagulant from Garcinia kola seeds: Parametric studies, kinetic modelling and cost
analysis. Sustainability, 13(16): 9177. https://doi.org/10.3390/su13169177

Islamy, R.A.; Czech, M.; Kamarudin, A.S.; South, J.; Mutmainnah, N.; Valen, F.S.;
Hui, T.H. and Hasan V. (2025). Integrative Assessment of Ficus septica as a
Functional Phytogenic Additive: Nutritional, Antioxidant, and Immunomodulatory
Efficacy in Betta picta Challenged with Aeromonas hydrophila. Trans. of the
Chinese Socie. of Agri, 56(6): 86-107. https://doi.org/10.62321/issn.1000-
1298.2025.6.7

Jena, B.S.; Jayaprakasha, G.K. and Sakariah, K.K. (2002a). Organic acids from
leaves, fruits, and rinds of Garcinia cowa. J. of Agri. and Food Chem., 50(12):
3431-3434. https://doi.org/10.1021/jf011627]

Jena, B.S.; Jayaprakasha, G.K.; Singh, R.P. and Sakariah, K.K. (2002b). Chemistry
and Biochemistry of (-)-Hydroxycitric Acid from Garcinia. J. of Agri. and Food
Chem., 50(1): 10-12. https://doi.org/10.1021/jf010753k

Kitikiew, S.; Chieng, Z.X.; Li, C.Y.; Kuo, HW. and Cheng, W. (2023). Injection
administration of mangosteen, Garcinia mangostana, husk extract enhances
physiological and immune-neuroendocrinological regulation of Macrobrachium
rosenbergii. Fish and Shell. Immun., 141: 109019.
https://doi.org/10.1016/j.si.2023.109019



172 Cahyaetal., 2025

Kong, W.; Huang, S.; Yang, Z.; Shi, F.; Feng, Y. and Khatoon, Z. (2020). Fish Feed
Quality is a Key Factor in Impacting Aquaculture Water Environment: Evidence
from Incubator Experiments. Sci. Rep., 10: 187. https://doi.org/10.1038/s41598-
019-57063-w

Kuo, HW.; Li, C.Y.; Chieng, Z.X. and Cheng, W. (2023). Dietary administration of
mangosteen, Garcinia mangostana, peel extract enhances the growth, and
physiological and immunoendocrinological regulation of prawn Macrobrachium
rosenbergii. Fish and Shell. Immun., 140: 108982.
https://doi.org/10.1016/j.si.2023.108982

Luthman, O.; Robb, D.H.F.; Henriksson, P.J.G.; Jgrgensen, P.S. and Troell, M.
(2024). Global overview of national regulations for antibiotic use in aquaculture
production. Aqua. Int., 32: 9253-9270. https://doi.org/10.1007/s10499-024-01614-0

Mahabusarakam, W.; Chairerk, P. and Taylor, W.C. (2005). Xanthones from
Garcinia cowa Roxb. latex. Phytochemistry, 66(10): 1148-1153.
https://doi.org/10.1016/j.phytochem.2005.02.025

Meepagala, K.M. and Schrader, K.K. (2018). Antibacterial Activity of Constituents
from Mangosteen Garcinia mangostana Fruit Pericarp against Several Channel
Catfish  Pathogens. J. of Aqua. Ani. Hea, 303): 179-184.
https://doi.org/10.1002/aah.10021

Nanditha, B.R.; Jena, B.S. and Prabhasankar, P. (2009). Influence of natural
antioxidants and their carry-through property in biscuit processing. J. of the Sci. of
Food and Agri., 89(2): 288-298. https://doi.org/10.1002/jsfa.3440

Negi, P. S.; Jayaprakasha, G.K. and Jena, B.S. (2010). Evaluation of antioxidant and
antimutagenic activities of the extracts from the fruit rinds of Garcinia cowa. Int. J.
of Food Prop., 13(6): 1256-1265. https://doi.org/10.1080/10942910903050383

Ngamsurach, P. and Praipipat, P. (2022). Comparative antibacterial activities of
Garcinia cowa and Piper sarmentosum extracts against Staphylococcus aureus and
Escherichia coli with studying on disc diffusion assay, material characterizations,
and batch experiments. Heliyon, 8(11): el11704.
https://doi.org/10.1016/j.heliyon.2022.e11704

Nyadjeu, P.; Angoun, J.; Ndasi, N.P. and Tabi-Tomedi, M. E. (2019). Effect of
Garcinia kola seeds supplemented diet on growth performance and gonadal
development of Oreochromis niloticus juveniles breed in ponds. Fisheries and
Agquatic Sci., 22: 20. https://doi.org/10.1186/s41240-019-0136-1

Ottinger, M.; Clauss, K. and Kuenzer, C. (2018). Opportunities and challenges for the
estimation of aquaculture production based on earth observation data. Remote
Sensing, 10(7): 1076. https://doi.org/10.3390/rs10071076



Exploring the Potential of Garcinia cowa as a Phytogenic Feed Additive for Fish 173

Panthong, K.; Hutadilok-Towatana, N. and Panthong, A. (2009). Cowaxanthone F, a
new tetraoxygenated xanthone, and other anti-inflammatory and antioxidant
compounds from Garcinia cowa. Cana. J. of Chem., 87(11): 1636-1640.
https://doi.org/10.1139/VV09-123

Prasad, G. and Priyanka, G. L. (2011). Effect of Fruit Rind Extract of Garcinia gummi-
gutta on Haematology and Plasma Biochemistry of Catfish Pangasianodon
hypophthalmus. Asian J. of Biochem., 3(6): 240-251.
https://doi.org/10.3923/ajb.2011.240.251

Rahman, A.U.; Khan, N.U.; Khan, M.; Khan, Z.U.; Basit, A.and
Panichayupakaranant, P. (2024). A standardized chamuangone enriched extract
from Garcinia cowa roxb. leaves show acute and sub-acute safety. J. of Ethnophar.,
335: 118625. https://doi.org/10.1016/].jep.2024.118625

Ritthiwigrom, T.; Laphookhieo, S. and Pyne, S. G. (2013). Chemical constituents and
biological activities of Garcinia cowa Roxb. Maejo Int. J. of Sci. and Tech., 2:
212-231. https://ro.uow.edu.au/smhpapers/1066

Sarr, C.; Ndour, N.; Ndiaye, O. And Diadhiou, H. D. (2023). Effects of Garcinia kola
Bitter Kola Powder on Sex Reversal, Survival and Growth Performance of Tilapia
(Oreochromis niloticus). J. of Agri. Chem. and Env., 12(04): 351-364.
https://doi.org/10.4236/jacen.2023.124025

Shiekh, K. A.; Benjakul, S. and Sae-leaw, T. (2019). Effect of Chamuang (Garcinia
cowa Roxb.) leaf extract on inhibition of melanosis and quality changes of Pacific
white shrimp during refrigerated storage. Food Chemistry, 270: 554-561.
https://doi.org/10.1016/j.foodchem.2018.07.139

Soosean. C.; Marimuthu, K.; Sudhakaran, S. and Xavier, R. (2010). Effect of
mangosteen (Garcinia mangostana L.) extracts as a feed additive on growth and
hematological parameters of African catfish (Clarias gariepinus) fingerlings. Eur.
Rev. for Med. and Pharmacol. Sci., 14: 605-611.
https://www.europeanreview.org/wp/wp-content/uploads/788.pdf

Sriyatep, T.; Siridechakorn, I.; Maneerat, W.; Pansanit, A.; Ritthiwigrom, T.;
Andersen, R.J. and Laphookhieo, S. (2014). Bioactive prenylated xanthones from
the young fruits and flowers of Garcinia cowa. J. of Nat. Prod., 78(2): 265-271.
https://doi.org/10.1021/np5008476

Sweeney, P.W. (2008). Phylogeny and floral diversity in the genus Garcinia (Clusiaceae)
and relatives. Int. J. of Plant  Sci., 169(9): 1288-1303.
https://doi.org/10.1086/591990

Thiankham, S.; Thonghuatoei, W.; Kantha, P.; Yomla, R. and Kitikiew, S. (2024).
Efficacy of mangosteen (Garcinia mangostana) peel hot water extract against



174 Cahyaetal., 2025

Aeromonas hydrophila infection of seabass fingerling (Lates calcarifer). Int. J. of

Agri. Tech., 20(1), 381-398. http://www.ijat-
aatsea.com/pdf/v20_n1 2024 January/29 1IJAT_20(1) 2024 Thiankham,%20S.(2
7).pdf

Trisuwan, K. and Ritthiwigrom, T. (2012). Benzophenone and xanthone derivatives
from the inflorescences of Garcinia cowa. Arch. of Pharm. Res., 35(10): 1733—
1738. https://doi.org/10.1007/s12272-012-1004-z

Wahyuni, F.S.; Shaari, K.; Stanslas, J.; Lajis, N. and Hamidi, D. (2015). Cytotoxic
compounds from the leaves of Garcinia cowa Roxb. J. of App. Pharmaceu. Sci.,
5(2): 6-11. https://doi.org/10.7324/JAPS.2015.50202

Wang, J.; Deng, L.; Chen, M.; Che, Y.; Li, L.; Zhu, L.; Chen, G. and Feng, T.
(2024). Phytogenic feed additives as natural antibiotic alternatives in animal health
and production: A review of the literature of the last decade. Animal Nutrition, 17:
244-264. https://doi.org/10.1016/j.aninu.2024.01.012

Wanna, C.; Boonman, N. and Phakpaknam, S. (2023). Antioxidant and antidiabetic
properties of Garcinia cowa Roxb. extracts from leaves, fruit rind, and stem bark in
different solvents. Plant Science Today, 10(3): 430-438.
https://doi.org/10.14719/pst.2455

Yang, Z.; Huang, S.; Kong, W.; Yu, H.; Li, F.; Khatoon, Z.; Ashraf, M.N. and
Akram, W. (2021). Effect of different fish feeds on water quality and growth of
crucian carp (Carassius carassius) in the presence and absence of prometryn.
Ecotoxic. and Env. Safety, 227: 112914,
https://doi.org/10.1016/j.ecoenv.2021.112914

Yorsin, S.; Sriwiriyajan, S. and Chongsa, W. (2023). Vasorelaxing effect of Garcinia
cowa leaf extract in rat thoracic aorta and its underlying mechanisms. J. of Trad.
and Comp. Med., 13(3): 219-225. https://doi.org/10.1016/j.jtcme.2022.12.001

Yostawonkul, J.; Kamble, M.T.; Sakuna, K.; Madyod, S.; Sukkarun, P.; Medhe,
S.V.; Rodkhum, C.; Pirarat, N. and Sewaka, M. (2023). Effects of Mangosteen
(Garcinia mangostana) Peel Extract Loaded in Nanoemulsion on Growth
Performance, Immune Response, and Disease Resistance of Nile Tilapia
(Oreochromis niloticus) against Aeromonas veronii Infection. Animals, 13(11):
1798. https://doi.org/10.3390/ani13111798



