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ABSTRACT

Karonda (Carissa carandas) fruit contains natural colorants; however, no research has investigated 
its effects on fish growth and coloration. Thus, this study examined the impacts of C. carandas fruit 
powder (CCFP) on growth, skin mucosal immunity, digestive enzymes, and pigmentation in Siamese 
fighting fish (Betta splendens). Flavonoids (15.97 ± 0.48 mg quercetin equivalent/g CCFP), phenolics 
(43.52 ± 1.73 mg gallic acid equivalent/g CCFP), terpenoids (350.00 ± 15.66 mg linalool equivalent/g 
CCFP), tannins (40.97 ± 0.15 mg tannic acid equivalent/g CCFP), carotenoids (5.53 ± 0.73 µg/g 
CCFP), and β-carotene (0.67 ± 0.05 µg/g CCFP) were estimated in CCFP. In the 2,2-diphenyl-1-
picrylhydrazyl assay, CCFP showed antioxidant activity with an IC50 of 256.12 ± 7.68 μg/ml. Fish 
(0.42 ± 0.02 g weight and 3.20 ± 0.07 cm length) were fed diets containing CCFP at 0 (control), 3, 
6, and 9 g/kg for 8 weeks. The results showed that CCFP administration significantly enhanced final 
weight, length, weight gain, specific growth rate, and average daily gain (p < 0.05). No changes 
in feed conversion ratio, survival, and condition factor were observed (p > 0.05). Dietary CCFP 
significantly increased skin mucus lysozyme, alkaline phosphatase, IgM, myeloperoxidase, total 
protein, antioxidant capacity, catalase, and superoxide dismutase. Fish treated with CCFP showed 
significant increases in intestinal protease, lipase, and amylase activity, as well as skin, muscle, and 
fin carotenoid levels. In conclusion, the administration of CCFP at 9 g/kg is optimal for improving 
growth, digestive enzymes, skin mucosal immunity, and pigmentation in B. splendens.

Keywords: Aquaculture, feed additive, feed utilization, 
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INTRODUCTION

The Siamese fighting fish (Betta splendens) 
is one of the most significant ornamental 
fish species in Thailand. The export value 
of this species in 2016 reached 529 million 
baht, the most valuable among ornamental 
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fish (Krueahong et al., 2022). The primary sources of B. splendens in the ornamental 
fish market are generally obtained from cultivation processes and natural water sources. 
Recently, the natural habitat of B. splendens has been threatened by the expansion of 
modern agriculture, pesticide use, and increasing water pollution. Some contaminants 
can alter reproductive system function and decrease hatch rates, leading to a decline in 
the B. splendens population in nature (Paulos et al., 2010). Ornamental fish production 
systems have been developed for large-scale export. However, raising fish under intensive 
conditions can result in infectious diseases and significant mortality rates (Gruneck et al., 
2022). Moreover, fish stress responses to long-term capture, starvation, water pollution, 
and low-quality feed may substantially decrease skin pigmentation (Nascimento et al., 
2019; Pailan et al., 2012).

Fish skin color is a specific feature that needs to be controlled according to market 
demands (Pailan et al., 2012). The factors affecting skin color in fish include the carotenoid 
content in their diet. Like other aquatic animals, fish cannot synthesize carotenoids and must 
obtain them through digestion (Thongprajukaew et al., 2011). In the ornamental fish industry, 
various additives, such as sex hormones, synthetic carotenoids, and astaxanthin, have been 
incorporated into diets to improve coloration (Karslı, 2021; Keleştemur & Çoban, 2016; 
Wang et al., 2006). On the other hand, fish that receive continuous hormone administration 
may experience stress, liver enlargement, and abdominal edema. Furthermore, according 
to Paulos et al. (2010), using artificial colorants increases production costs and harms fish. 
This report suggests that natural colors from plants or animals can be a more affordable 
option for fish culture than chemicals. Interestingly, natural supplements may improve fish 
growth and health (Clotfelter et al., 2007; Wang et al., 2006).

Karonda (Carissa carandas) is a member of the flowering plants of the Apocynaceae 
family. It is a huge shrub with 3 to 5-cm long branches and stems covered in thick, sharp 
spines. It features clusters of white blooms and single leaves. The fruit has smooth, waxy 
skin and is rounded or slightly oval. When young, the fruit is white and gradually turns pink 
and dark red as it ripens. The analysis of the phytogenics in different parts of C. carandas 
indicated the existence of flavonoids, alcohol, cardiac glycosides, terpenoids, saponins, 
tannins, and phenolics (Itankar et al., 2011; Singh et al., 2020). Gas chromatography-mass 
spectrometry (GC-MS) identified various phytochemical substances in the extract of dried 
C. carandas fruit. These chemicals include myo-inositol, 4-c-methyl, 2R-acetoxymethyl-
1,3,3-trimethyl-4t-(3-methyl-2-buten-1-yl)-1t-cyclohexanol, dichloroacetic acid, 
2-ethylhexyl ester, 12-Oleanen-3-yl acetate, (3-alpha), 2R-acetoxymethyl-1,3,3-trimethyl-
4t-(3-methyl-2-buten-1-yl)-1t-cyclohexanol, and 1-pentatriacontanol (Anupama et al., 
2014). Previous research has shown that C. carandas has antioxidant, anti-inflammatory, 
analgesic, anticancer, antidiabetic, and hepatoprotective activities (Itankar et al., 2011; 
Neimkhum et al., 2021). Additionally. C. carandas has demonstrated efficacy in treating 
diabetes, diarrhea, fever, ulcers, pain, asthma, and malaria in the application of traditional 
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medicine (Singh et al., 2020; Verma et al., 2015). Importantly, data indicates that the fruit 
of C. carandas has the potential to be used as a natural pigment in the dietary supplement, 
fabric, and pharmaceutical industries (Manicketh et al., 2020). As a result, these findings 
support the use of C. carandas fruit as a supplement in ornamental fish production.

The specific growth rate and weight gain are commonly used as indicators of the 
growth-promoting properties of herbs or their derivatives in aquaculture studies (Hoseinifar 
et al., 2019; Jahazi et al., 2020). Digestive enzymes are crucial for the breakdown of 
nutrients in fish diets. Diets enriched with herbal plants increase the activities of digestive 
enzymes, leading to potential improvements in fish development, feed intake, and feed 
efficiency (Mohammady et al., 2022). Fish are protected from infectious disorders caused 
by different pathogens through the secretion of skin mucus by goblet cells. Fish skin 
mucus is a non-specific immunological defense mechanism and contains vital biological 
molecules such as lysozymes, myeloperoxidase, and antimicrobial peptides (Hoseinifar 
et al., 2015). Medicinal plants in fish diets enhance skin mucus components, indicating an 
improvement of innate immune function by certain phytogenic chemicals (Promprom et 
al., 2024). As stated above, lighter coloration in fish is directly related to the consumption 
of dietary carotenoids. Previous studies have suggested that incorporating carotenoids or 
β-carotene into the diet could increase the pigmentation levels in numerous fish species 
(Keleştemur & Çoban, 2016; Wang et al., 2006; Yanar et al., 2007). Therefore, it is 
postulated that incorporating natural products containing carotenoids and β-carotene into 
the diet of ornamental fish could be beneficial in enhancing their coloration (Dananjaya et 
al., 2015; Sathyaruban et al., 2021).

As mentioned above, different parts of C. carandas have been used to treat various 
ailments in folk medicine. However, no scientific research has documented the utilization 
of C. carandas in aquafeed or any other animal species. A recent study performed an 
acute toxicity test on male Wistar rats and observed that administering acetone extracts of 
C. carandas fruits at doses ranging from 500 to 5000 mg/kg body weight did not cause 
any deleterious effects or mortality (Saher et al., 2020). Moreover, C. carandas fruit 
contains natural pigments such as carotenoids and β-carotene. These findings suggest that 
C. carandas fruit could be utilized as a feed additive without toxicity. Thus, this work 
investigates the impacts of dietary administration of C. carandas fruit powder (CCFP) 
on the growth, digestive enzymes, skin mucosal immunology, and pigmentation in B. 
splendens.

MATERIALS AND METHODS

Chemicals and Reagents

Unless otherwise specified, the chemicals and reagents used throughout the present research 
were of analytical grade and obtained from Sigma-Aldrich (St. Louis, USA).
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Plant Samples

Ripe fruits of C. carandas were collected from a local market in the Khueang Nai District, 
Ubon Ratchathani, Thailand. A plant specimen was collected and taxonomically classified 
to the species level by the plant taxonomist. The plant specimen (Munglue 0018) was kept 
for future reference in the Biology program of the Faculty of Science, Ubon Ratchathani 
Rajabhat University. 

Preparation of C. carandas Fruit Powder 

The sample of CCFP was made according to the method of Santos et al. (2019) with minor 
modifications. The fruits were rinsed with flowing tap water, and the seeds were separated. 
The seedless fruits were dried in a hot air oven at 60ºC for three days and blended using 
an electronic blender. The dried sample was mixed with distilled water at the ratio of 100 
mg/ml and boiled at 100ºC for 15 min. The solution was then passed through a filter paper 
of Whatman No. 1. The filtrate was mixed with maltodextrin (1:1 w/w) and processed in a 
Büchi mini spray dryer (Büchi Labortechnik AG, B-290, Switzerland). The conditions of 
operation for spray drying were as follows: the inlet air temperature was 150ºC, and the 
outlet air temperature was 107ºC. The atomization pressure was 4 bars. The average feed 
rate was 0.5 L/h, and the average drying air flow rate was 75.63 m³/h. The sample was 
kept at -20ºC for use in experiments. 

Phytochemical Determination

The colorimetric method of Jankham et al. (2024) was used to measure total flavonoid 
concentration in mg quercetin equivalent per gram of CCFP (mg QE/g CCFP). The Folin-
Ciocalteu reagent method evaluated total phenolic content (Verma et al., 2015), reported as 
mg gallic acid equivalent per gram of CCFP (mg GAE/g CCFP). The terpenoid level was 
assessed using the methodology developed by Łukowski et al. (2022), and the outcomes are 
quantified as milligrams of linalool equivalent per gram of CCFP (mg LNOLE/g CCFP). The 
tannin concentration was determined using the Folin-Ciocalteu method (Anh & Tan, 2023), 
and the findings are shown as milligrams of tannic acid equivalent per gram of CCFP (mg 
TAE/g CCFP). The carotenoid content was assessed using the Foss et al. (1984) method, and 
the findings are shown as micrograms of carotenoids per gram of CCFP (µg/g CCFP). The 
β-carotene content was evaluated using the Biswas et al. (2011) method, and the findings 
are reported as µg of β-carotene per gram of CCFP (µg/g CCFP). All phytochemical tests 
were triplicated using a microplate reader (SPECTRO Star Nano, BMG LabTech, Germany).

Antioxidant Activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) test was used to assess the antioxidant activity 
of CCFP (Verma et al., 2015). The CCFP was diluted to final 0–1000 µg/ml concentrations 
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in methanol. After mixing 2 ml of each concentration with 1 ml of 0.2 mM DPPH reagent, 
the mixture was incubated at room temperature for 30 min. The absorbance was measured 
at 517 nm using a UV-visible spectrophotometer (Lambda 12, PerkinElmer, Connecticut, 
USA). The standard reference used in this research was ascorbic acid. IC50 values and 
percentages of DPPH inhibition were computed.

Diet Preparation

The fish diet (Product name: Higade 9006T) used in this study was obtained from Charoen 
Pokphand Foods PCL, Bangkok, Thailand. The levels of CCFP used were 0 (control), 
3, 6, and 9 g/kg diet, based on the reports of Doan et al. (2020) and Pailan et al. (2012) 
with some modifications. The diet samples were combined with distilled water (1:4 w/v), 

Table 1
Proximate analysis of the basal diet used in this 
research

Proximate analysis Results (%)
Moisture 8.10 
Crude protein 43.37
Crude lipid 6.26
Nitrogen-free extract 30.62
Ash 10.48
Fiber 1.16

Note. The crude protein, crude lipid, moisture, ash, 
and fiber were measured values. The nitrogen-free 
extract was calculated value

homogenized using an electric meat mincer 
to produce extruded string shapes, and dried 
at 40ºC for 24 h. The diets were then crushed 
into small pellets (1 mm) and kept at 4ºC for 
future use. The basal diet’s moisture, crude 
protein, crude fat, and ash were measured 
using Association of Official Analytical 
Chemists methods (AOAC, 2019). The 
fiber content was quantified following the 
methodology outlined by AOAC (2010). 
The proximate analysis of the basal diet is 
provided in Table 1.

Animal Ethics and Regulation

The study was carried out at the Ubon Ratchathani Rajabhat University Farm with 
permission from the Institutional Animal Care and Use Committee (AN64003).

Fish Preparation	

Male B. splendens with a solid red phenotypic was purchased from Ubon Ratchathani 
Fish Cooperatives and acclimatized in the laboratory for two weeks. Daily monitoring was 
conducted during the acclimatization period to observe the experimental fish’s exterior 
appearance, general behavior, and health. Fish with an initial weight of 0.42 ± 0.02 g and 
an initial length of 3.20 ± 0.07 cm were raised individually in plastic beakers of 11.5 cm 
in height and 8 cm in diameter, filled with 250 ml of dechlorinated water and exposed to a 
12-hour light/12-hour dark cycle. The basal diet was given to the fish twice a day, at 8:00 
and 17:00. Water quality parameters, including temperature (29.51 ± 0.34ºC), pH (7.65 
± 0.17), alkalinity (110.02 ± 1.68 mg/L), nitrite (0.0029 ± 0.0003 mg/L), nitrate (0.042 
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± 0.005 mg/L), and dissolved oxygen (6.78 ± 0.20 mg/L), were checked and maintained 
under standard conditions for B. splendens cultivation (Thongprajukaew et al., 2011). The 
water in the containers was changed daily.

Experimental Design

The study used a completely randomized design (CRD). There were four treatments, each 
with three replications with 20 fish. The treatments included a control group (0 g CCFP/
kg) and three experimental groups (3, 6, and 9 g CCFP/kg). The experiment was carried 
out over eight weeks.

Growth and Survival Rate

At the end of the experimental period, the fish were starved for 24 h. All the fish from each 
replicate were harvested for the evaluation of growth and survival using the following 
equations:

Weight gain (WG, g)  =  Final weight (g) –  Initial weight (g)              [1] 

Specific growth rate (SGR, %/day)  =  Ln  final  weight  (g) – Ln  initial  weight  (g)
the  experimental  period

×  100   [2] 

 Average daily gain (ADG, g/day) =  (final  weight  (g) – initial  weight  (g))
the  experimental  period

     [3] 

 Feed conversion ratio =  feed  consumed  by  fish  (g)
final  fish  weight  (g)

       [4] 

Condition factor (g/cm3) = 100 × [fish weight (g)]/[fish length3 (cm)]   [5] 

Survival rate (%) =  number  of  fish  at  the  end  of  the  experiment
number  of  fish  at  the  beginning  of  the  experiment
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Skin Mucus Collection

Four fish per replication were subjected to a 24-hour starvation period, after which skin 
mucus was collected using the method mentioned by Hoseinifar et al. (2015). The fish 
were anesthetized using clove oil (5 ml/L) in an appropriate container with an electric 
air pump. Each fish was placed in a plastic bag with 10 ml of 50 mM NaCl. To collect 
the skin mucus, the fish were moved gently by hand for 1 min. The skin sample was then 
transferred to a test tube and centrifuged at 3000 × g for 5 min at 4ºC. After being collected, 
the supernatant was kept at -20ºC for use in other tests.

Skin Mucus Assays

The gram-positive bacterium Micrococcus lysodeikticus was lysed using the turbidimetric 
method to evaluate lysozyme activity. Alkaline phosphatase (ALP) activity was quantified 
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using p-nitrophenyl phosphate as a substrate (Wangkahart et al., 2022). Hoseinifar et al. 
(2015) used the method to measure total immunoglobulin M (IgM). The activity of mucosal 
myeloperoxidase (MPO) was determined based on the protocol of Doan et al. (2020). Skin 
mucus protein levels were estimated using a Lowry assay (Lowry et al., 1951), with bovine 
serum albumin as the standard reference. The ferric ion-reducing antioxidant power assay, 
as reported by Fernández-Alacid et al. (2019), was used to determine the total antioxidant 
capacity (T-AOC). The activities of catalase (CAT) and superoxide dismutase (SOD) were 
assessed using the protocols described by Wangkahart et al. (2022).

Digestive Enzyme Collection

After a 24-hour starvation period, four fish from each replicate were harvested and 
anesthetized individually using a specific dose of clove oil. The abdominal wall was then 
opened, and the internal organs were collected, cleared of connective tissues, cleaned with 
0.90% normal saline solution, and weighed. The digestive tract was extracted using 0.2 M 
Na2HPO4-NaH2PO4 buffer (pH 8) at a ratio of 1:10 (w/v). After that, the samples were 
centrifuged for 30 minutes at -4ºC at 15,000 × g. The supernatants were kept at -20ºC 
until analysis.

Digestive Enzyme Activities and Protein Content

Soluble starch served as the substrate to test the amylase activity. A standard curve of 
reducing sugar was used to compare the absorbance, which was determined at 540 nm 
(Willora et al., 2022). The lipase activity was evaluated using p-nitrophenyl palmitate 
(p-NPP) as a substrate, as Winkler and Stuckmann (1979) reported. The solutions were 
quantified at a wavelength of 410 nm and compared to a standard curve of p-nitrophenol. 
The assessment of protease activity was conducted using the method presented by 
Wangkahart et al. (2022), using azocasein as a substrate. The solutions were measured at 
440 nm and compared with a standard curve of tyrosine. The specific digestive enzyme 
activities are given in units per milligram of total protein (U/mg total protein). Lowry et 
al. (1951) outlined the method to determine the total protein concentration in the digestive 
tract supernatant. The activities of digestive enzymes were calculated using the following 
equation (Willora et al., 2022): 

Specific enzyme activities (U/mg total protein)  = (∆Abs  × V total )
ε × V sample  × t

 ×  ml
mg  total  protein

                              

[7]

Where, ∆Abs represents the test samples’ absorbance, Vtotal is the total volume of the reaction 
solution, ε is the molar extinction coefficient, Vsample is the volume of the supernatant used 
in the reaction, and t is the reaction time.
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Carotenoid Contents

The carotenoid content in the fish was assayed according to the method of Thongprajukaew 
et al. (2012). Briefly, four fish from each replicate were starved for 24 hours. Each fish 
was then anesthetized with a specific concentration of clove oil in an appropriate container 
equipped with an electric air pump. Skin, muscle, pectoral fin, caudal fin, pelvic fin, dorsal 
fin, and anal fin samples were collected and stored separately in centrifuge tubes. Three 
milligrams of each sample were introduced into microcentrifuge tubes containing 1 ml of 
90% acetone and stored in the dark at 4ºC for three days. The samples were shaken twice 
daily. To determine the carotenoid content, the samples were centrifuged at 5000 × g for 
10 mins at a temperature of 4ºC. Collected supernatants were measured at 474 nm. The 
carotenoid content was calculated according to Thongprajukaew et al. (2012). The results 
are presented as µg per gram of sample (µg/g wet weight). 

Data Analysis

Kolmogorov–Smirnov and Levene’s tests were used to test data normality and variance 
homogeneity, respectively. If the data distribution was abnormal, square-root and arcsine 
transformations were used. The data are shown as mean ± SEM (standard error of the 
mean). Duncan’s multiple range test and one-way analysis of variance (ANOVA) were 
used to assess significant variations among treatments. There was a statistically significant 
difference between the treatments when the p-value was less than 0.05.

RESULTS

Phytochemical Determination and Antioxidant Activity

The results of the phytochemical determination in CCFP are presented in Table 2. The 
phytochemical compounds found in CCFP were flavonoids, phenolics, terpenoids, tannins, 
carotenoids, and β-carotene. Moreover, the IC50 value of the antioxidant activity estimated by 
the DPPH assay in CCFP was 256.12 ± 7.68 μg/ml, lower than the IC50 value of ascorbic acid.

Growth Parameters

The final weight, length, WG, ADG, and SGR of the fish fed the CCFP diets were 
significantly greater than those of the control fish (p < 0.05; Table 3). However, the FCR, 
condition factor, and survival rate were not significantly different among the treatments 
after eight weeks of experimentation (p > 0.05).

Mucosal Skin Immune Activity

Figure 1 illustrates the effects of CCFP diets on skin mucus immune parameters. After an 
eight-week experimental period, dietary supplementation with CCFP led to a significant 
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increase in lysozyme, IgM, and myeloperoxidase levels compared to the basal diet. 
According to the results, fish fed a 3 g CCFP-containing diet showed a significant increase 
in ALP levels compared to other groups. The results also demonstrated that fish-fed diets 
containing 6 and 9 g of CCFP had substantially higher total protein concentrations than 
the control and 3 g CCFP-treated groups.

Table 2
Qualitative determination and antioxidant activity of C. carandas fruit powder

Phytochemicals Results
Total flavonoid content (mg QE/g CCFP) 15.97 ± 0.48 

Total phenolic content (mg GAE/g CCFP) 43.52 ± 1.73

Terpenoids (mg LNOLE/g CCFP) 350.00 ± 15.66 

Tannins (mg TAE/g CCFP) 40.97 ± 0.15 

Carotenoids (µg/g CCFP) 5.53 ± 0.73 

β-carotene (µg/g CCFP) 0.67 ± 0.05

DPPH assay (IC50)

CCFP (µg/ml) 256.12 ± 7.68

Ascorbic acid (µg/ml) 60.97 ± 0.48

Note. Data are represented as mean ± SEM, n = 3 for each test, QE = quercetin equivalent, GAE = gallic acid 
equivalent, LNOLE = linalool equivalent, TAE = tannic acid equivalent, DPPH = 2,2-diphenyl-1-picrylhydrazyl

Table 3
Growth parameters of B. splendens fed C. carandas fruit powder diets and control diet for eight weeks

Parameters
CCFP (g/kg diet)

0 (Control) 3 6 9
IW (g) 0.42 ± 0.03 0.38 ± 0.02 0.44 ± 0.03 0.41 ± 0.02
FW (g) 0.92 ± 0.05b 1.14 ± 0.06a 1.25 ± 0.13a 1.27 ± 0.07a

IL (cm) 3.12 ± 0.09 3.13 ± 0.09 3.26 ± 0.06 3.30 ± 0.06
FL (cm) 4.37 ± 0.15b 5.02 ± 0.14a 5.00 ± 0.25a 5.27 ± 0.16a

WG (g) 0.49 ± 0.03b 0.76 ± 0.06a 0.81 ± 0.11a 0.85 ± 0.07a

ADG (mg/day) 8.92 ± 0.02b 13.57 ± 0.12a 14.46 ± 0.25a 15.35 ± 0.14a

SGR (%/day) 1.04 ± 0.07b 1.33 ± 0.02a 1.19 ± 0.08a 1.36 ± 0.05a

FCR 1.46 ± 0.08 1.41 ± 0.09 1.28 ± 0.17 1.41 ± 0.09
CF (g/cm3) 1.07 ± 0.12 0.92 ± 0.08 1.03 ± 0.11 0.87 ± 0.04
SR (%) 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00

Note. The different superscripts indicated in each row show a significant difference at p < 0.05. Data are 
represented as mean ± SEM. IW = initial weight (g), FW = final weight (g), IL = initial length (cm), FL = final 
length (cm), WG = weight gain (g), ADG = average daily gain (mg/day), SGR = specific growth rate (%/day), 
FCR = feed conversion ratio, CF = condition factor (g/cm3), SR = survival rate (%)
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Figure 1. Non-specific skin mucus immune parameters of B. splendens fed C. carandas fruit powder diets and 
control diet for eight weeks. (A) Lysozyme activity, (B) Alkaline phosphatase (ALP), (C) Immunoglobulin 
M (IgM), (D) Myeloperoxidase (MPO), (E) Total protein. The different superscripts indicated a significant 
difference at p < 0.05. n = 12 for each group. Data are represented as mean ± SEM

Antioxidant Capacity

The results illustrate the effects of dietary CCFP on the antioxidant capacity of B. splendens, 
as depicted in Figure 2. The levels of T-AOC in the fish-fed diets containing 6 and 9 g 
CCFP/kg were notably greater than those in the control fish. Moreover, fish fed a diet 
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containing 6 g CCFP/kg showed the highest 
CAT activity compared to the other groups. 
Also, the SOD activities in the experimental 
groups were significantly greater compared 
to those in the control group.

Digestive Enzyme Activities and Protein 
Content

Figure 3 displays the levels of digestive 
enzyme activity, and protein content of 
fish fed different levels of CCFP. The 
results revealed that fish fed a 9 g CCFP/kg 
diet showed the highest protease activity 
compared to the other groups. Furthermore, 
the CCFP diets significantly increased fish 
lipase activity compared to the control 
diet. In addition, fish fed 6 and 9 g CCFP/
kg diets had higher amylase activities than 
other groups. However, the total protein 
contents did not differ significantly among 
the groups.

Carotenoid Contents

Table 4 presents the effects of dietary 
supplementation with CCFP on the 
carotenoid content of B. splendens over 8 
weeks. The results indicated that fish fed 
3 and 9 g CCFP/kg diets had a significant 
increase in carotenoid content in the 
skin compared with the other groups. In 
addition, fish fed a 3 g CCFP/kg diet showed 
the highest muscle carotenoid content. 
Furthermore, fish fed with CCFP-containing 
diets had higher carotenoid levels in their 
caudal fins than control fish. Fish fed a 9 g 
CCFP/kg diet showed the highest levels of 
carotenoid in the pectoral, pelvic, dorsal, 
and anal fins.

Figure 2. Antioxidative enzyme activity in B. 
splendens fed C. carandas fruit powder diets and 
control diet for eight weeks. (A) Total antioxidant 
capacity (T-AOC), (B) Catalase (CAT), (C) Superoxide 
dismutase (SOD). The different superscripts indicated 
a significant difference at p < 0.05. n = 12 for each 
group. Data are represented as mean ± SEM
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Table 4
Total carotenoid contents (µg/g wet weight) in skin, muscle, and fins of B. splendens fed C. carandas fruit 
powder diets and control diet for eight weeks

Parameters
CCFP (g/kg diet)

0 (Control) 3 6 9 
Skin 21.34 ± 4.64c 99.86 ± 2.39a 80.25 ± 8.42b 112.13 ± 5.84a

Muscle 34.61 ± 9.85c 86.24 ± 2.00a 56.25 ± 1.38b 60.33 ± 9.65b

Pectoral fin 419.68 ± 25.18c 473.80 ± 19.20c 655.89 ± 37.74b 1902.83 ± 78.52a

Caudal fin 241.82 ± 19.63b 717.79 ± 32.17a 721.34 ± 12.67a 724.53 ± 13.33a

Pelvic fin 323.15 ± 19.00c 775.07 ± 50.74b 702.83 ± 34.07b 1387.93 ± 57.88a

Dorsal fin 319.64 ± 12.79d 609.69 ± 16.88c 787.15 ± 48.21b 1847.33 ± 74.39a

Anal fin 475.55 ± 17.90d 696.55 ± 31.39c 886.71 ± 88.32b 1176.44 ± 81.74a

Note. The different superscripts indicated in each row show a significant difference at p < 0.05. n = 12 for each 
group. Data are represented as mean ± SEM

Figure 3. Digestive enzyme activities and protein contents in B. splendens fed C. carandas fruit powder 
diets and control diet for eight weeks. (A) Protease activity; (B) Lipase activity; (C) Amylase activity; 
(D) Total protein. The different superscripts indicated a significant difference at p < 0.05. n = 12 for each 
group. Data are represented as mean ± SEM
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DISCUSSION

Phytochemical Determination and Antioxidant Activity

The accumulation of reactive free radicals can damage cellular components. Natural 
products have been used to prevent oxidative processes in cells (Almarri et al., 2023). 
Plants contain a wide range of antioxidants, such as phenolics, flavonoids, and carotenoid 
pigments (Promprom et al., 2024). These compounds have been isolated and tested for 
their potential use in various applications (Dananjaya et al., 2015; Manicketh et al., 2020). 
The aquaculture industry has used medicinal herbs and their secondary metabolites as 
feed additives to enhance the growth and physiological features of several aquatic species 
(Hoseinifar et al., 2015; Jahazi et al., 2020; Jankham et al., 2024; Mohammady et al., 2022). 
This research indicated that CCFP consists of flavonoids, phenolics, terpenoids, tannins, 
carotenoids, and β-carotene. In addition, the CCFP exhibited antioxidant properties with 
an IC50 value of 256.12 ± 7.68 µg/ml as determined by the DPPH assay. As a result, this 
study supports using CCFP as a natural supplement to improve fish growth, health, and 
coloration.

Growth Performance

In this study, dietary supplementation with CCFP at concentrations of 3, 6, and 9 g/kg for 
eight weeks resulted in significant increases in growth parameters compared to those in 
the control group. Moreover, the application of CCFP to the diet had no noticeable effects 
on FCR, CF, or SR in B. splendens. Similar to the previous study, juvenile B. splendens 
fed a microwave-irradiated diet showed a significant increase in body weight, CF, SGR, 
net weight, and ADG when compared with the control, gamma-irradiated diet, probiotic-
containing diet, and carbohydrase-supplemented diet (Thongprajukaew et al., 2011). 
Furthermore, Patria et al. (2024) indicated that dietary supplementation with Spirulina 
powder from Arthrospira maxima at 15% significantly increased the growth of B. splendens. 
The improvement in growth and survival rates is crucial for ensuring the productivity and 
profitability of the aquaculture industry. The addition of plants or their bioactive compounds 
to feeds can improve growth and nutrient utilization in various aquatic species. The growth-
promoting properties of CCFP detected in this research may be due to phytochemicals like 
flavonoids and phenolic compounds, which have been shown to stimulate appetite, enhance 
the secretion of digestive enzymes in the gastrointestinal tract, boost immune functions, 
resist bacterial infections, and mitigate environmental stress, ultimately promoting overall 
fish health (Jankham et al., 2024; Patel & Rao, 2013). This present study suggests that 
CCFP could be a useful novel dietary supplement to improve fish growth (Almarri et al., 
2023). However, further investigations should focus on elucidating the effects of CCFP 
on nutrient digestion and absorption in different aquatic animals.
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Mucus Immunological Parameters

The findings of this study showed that fish fed CCFP diets had considerably higher levels of 
total protein, IgM, lysozyme, and ALP than fish fed a control diet. It is generally accepted 
that fish skin mucus acts as the first line of defense against pathogen invasion (Doan et al., 
2020; Promprom et al., 2024). It contains various molecules, such as lysozyme, ALP, and 
IgM (Hoseinifar et al., 2015). Lysozyme plays a crucial role in disease prevention by lysing 
pathogenic bacteria. ALP is involved in the defense of fish against several pathogenic agents. 
IgM neutralizes invading antigens, and MPO protects by destroying foreign substances and 
pathogens through phagocytosis. The results of this study were in agreement with Motlagh 
et al. (2020), who noted that female guppy fish (Poecilia reticulata) fed diets supplemented 
with garlic extract showed a significant increase in lysozyme activity, IgM, and ALP when 
compared with the control. The improvement of immunological parameters in the skin 
mucus of B. splendens by CCFP is likely due to the effects of flavonoids, phenolics, and 
carotenoids, which regulate the production of active components in the immune system 
(Hoseinifar et al., 2015; Motlagh et al., 2020). Nevertheless, additional experiments are 
required to investigate the molecular mechanisms by which CCFP influences non-specific 
immunological responses in aquatic animals. 

Antioxidant Capacity

The present study demonstrated that dietary CCFP increased the activity of T-AOC, CAT, 
and SOD in B. splendens skin mucus. T-AOC is commonly used to assess the antioxidant 
potential of phytochemicals in fish (Hendam et al., 2024). The primary function of CAT 
is to degrade H2O2 into water and oxygen, thereby preventing oxidative damage to cells 
and their components (Shekarabi et al., 2022). SOD plays a crucial role in reducing free 
superoxide anion radicals in the body (Hendam et al., 2024). It is possible that phenolics, 
flavonoids, tannins, terpenoids, and carotenoids found in CCFP may be responsible for a 
significant increase in the antioxidant capacity in skin mucus (Neimkhum et al., 2021). 
Therefore, the increase in antioxidant enzyme activity caused by dietary CCFP would 
reduce oxidative stress in fish (Singh et al., 2020; Verma et al., 2015). A possible reason 
for this is that CCFP may enhance the expression of fish antioxidant genes (Mohammady 
et al., 2022). Nevertheless, more research is necessary to verify this hypothesis. 

Digestive Enzyme Activities and Protein Content

The present investigation showed that CCFP supplementation in fish diets significantly 
increased intestinal protease, lipase, and amylase activities in B. splendens. Similar research 
by Thongprajukaew et al. (2011) noted that B. splendens fed a microwave-irradiated diet 
revealed a significant increase in amylase activity when compared with the other modified 



273Pertanika J. Trop. Agric. Sci. 48 (1): 259 - 278 (2025)

Dietary Carissa carandas Administration for Betta splendens

diets. Moreover, the application of curcumin to the diet at 5 g/kg produced a significant 
enhancement of trypsin and lipase activities in the intestine of crucian carp (Carassius 
auratus) (Jiang et al., 2016). It is well-established that the activity of digestive enzymes 
is a major indicator of digestive processes in animals (Jiang et al., 2016; Mohammady et 
al., 2022). The addition of medicinal plants to diets can increase digestive enzyme activity 
in the tract, resulting in growth improvements in cultured fish (Mohammady et al., 2022; 
Promprom et al., 2024).  It has been reported that phytochemicals such as phenolics, 
flavonoids, tannins, and pigments have been reported to promote the secretion of digestive 
enzymes (Almarri et al., 2023; Jiang et al., 2016). Based on the findings of this study, the 
flavonoids, phenolics, and tannins present in CCFP may be responsible for the elevated 
digestive enzyme activities in B. splendens (Almarri et al., 2023). Therefore, the increased 
digestive enzyme activities could support the growth of fish.

Carotenoid Contents

This study revealed that dietary supplementation with CCFP significantly increased the 
total carotenoid contents in various parts of B. splendens. It was found by Patria et al. 
(2024) that a 15% spirulina power-supplemented diet significantly enhanced the color 
brightness in B. splendens when compared with the control diet. The coloration of fish 
is influenced by the accumulation of pigments, such as carotenoids, in chromatophores. 
Carotenoids are absorbed in the intestinal mucosa and distributed in various organs of 
fish, including the skin, muscle, reproductive organs, and liver, through the action of 
lipoproteins (Sathyaruban et al., 2021). Genetics, the life cycle, stress, diet compositions, 
and environmental conditions are among the factors influencing the distribution and 
accumulation patterns of carotenoids in fish (Nascimento et al., 2019; Thongprajukaew et 
al., 2011; Sathyaruban et al., 2021). Ornamental fish are unable to synthesize carotenoid 
pigments and must obtain coloring pigments from their diet. The application of synthetic 
carotenoids to fish feed can enhance the integument coloration (Keleştemur & Çoban, 
2016; Wang et al., 2006). However, using synthetics increases the cost of fish production 
(Dananjaya et al., 2015). Therefore, there is a need to develop novel feed additives 
with skin color-promoting properties for cultivating ornamental fish (Sathyaruban et 
al., 2021). The present study showed that dietary supplementation of CCFP enhanced 
the carotenoid contents in the skin, muscles, and fins of B. splendens. The current study 
also revealed that CCFP contains significant amounts of carotenoids and β-carotene. 
Previous research has indicated that the skin pigmentation of fish can be enhanced by the 
application of plants that contain carotenoids, flavonoids, and betalains (Thongprajukaew 
et al., 2012; Sathyaruban et al., 2021; Yanar et al., 2007). According to the results of this 
investigation, CCFP may be used as a natural carotenoid source to improve skin color 
in ornamental fish.
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CONCLUSION

This research indicates that C. carandas fruit powder (CCFP) is a promising novel feed 
additive for enhancing various aspects of B. splendens health and performance. Specifically, 
CCFP supplementation improved fish growth, the mucosal immune response, digestive 
enzyme activity, and skin pigmentation. The estimated optimal CCFP supplementation 
concentration was 9 g/kg of diet.

ACKNOWLEDGMENTS

This research was partially funded by a grant from Ubon Ratchathani Rajabhat University 
(Grant No. UBRU_2565). The authors express their gratitude to Miss Pattra Srihabandit 
and Miss Tucsaporn Suwannakoot for their support and assistance in conducting this study.

REFERENCES
Almarri, S. H., Khalil, A. A., Mansour, A. T., & El-Houseiny, W. (2023). Antioxidant, immunostimulant, and 

growth-promoting effects of dietary Annona squamosa leaf extract on Nile tilapia, Oreochromis niloticus, 
and its tolerance to thermal stress and Aeromonas sobria infection. Animals, 13(4), 746. https://doi.
org/10.3390/ani13040746

Anh, C. H., & Tan, M. L. (2023). Screening of medicinal plant extracts in Vietnam and investigation of their 
combination for preventing and treating gout. Fine Chemical Technologies, 18(1), 38-47. https://doi.
org/10.32362/2410-6593-2023-18-1-38-47

Anupama, N., Madhumitha, G., & Rajesh, K. S. (2014). Role of dried fruits of Carissa carandas as anti-
inflammatory agents and the analysis of phytochemical constituents by GC-MS. BioMed Research 
International, 2014(1), 512369. https://doi.org/10.1155/2014/512369

Biswas, A. K., Sahoo, J., & Chatli, M. K. (2011). A simple UV-Vis spectrophotometric method for determination 
of β-carotene content in raw carrot, sweet potato and supplemented chicken meat nuggets. LWT - Food 
Science and Technology, 44(8), 1809–1813. https://doi.org/10.1016/j.lwt.2011.03.017 

Clotfelter, E. D., Ardia, D. R., & McGraw, K. J. (2007). Red fish, blue fish: Trade-offs between pigmentation and 
immunity in Betta splendens. Behavioral Ecology, 18(6), 1139–1145. https://doi.org/10.1093/beheco/arm090 

Dananjaya, S. H. S., Munasinghe, D. M. S., Ariyaratne, H. B. S., Lee, J., & De Zoysa, M. (2015). Natural 
bixin as a potential carotenoid for enhancing pigmentation and colour in goldfish (Carassius auratus). 
Aquaculture Nutrition, 23(2), 255–263. https://doi.org/10.1111/anu.12387

Doan, H. V., Hoseinifar, S. H., Jaturasitha, S., Dawood, M. A. O., & Harikrishnan, R. (2020). The effects 
of berberine powder supplementation on growth performance, skin mucus immune response, serum 
immunity, and disease resistance of Nile tilapia (Oreochromis niloticus) fingerlings. Aquaculture, 520, 
734927.   https://doi.org/10.1016/j.aquaculture.2020.734927

Fernández-Alacid, L., Sanahuja, I., Ordóñez-Grande, B., Sánchez-Nuño, S., Herrera, M., & Ibarz, A. (2019). 
Comparison between properties of dorsal and ventral skin mucus in Senegalese sole: Response to an acute 
stress. Aquaculture, 513, 734410. https://doi.org/10.1016/j.aquaculture.2019.734410



275Pertanika J. Trop. Agric. Sci. 48 (1): 259 - 278 (2025)

Dietary Carissa carandas Administration for Betta splendens

Foss, P., Storebakken, T., Schiedt, K., Liaaen-Jensen, S., Austreng, E., & Streiff, K. (1984). Carotenoid in 
diets for salmonids: I. Pigmentation of rainbow trout with the individual optical isomers of astaxanthin 
in comparison with canthaxanthin. Aquaculture, 41(3), 213-226. https://doi.org/10.1016/0044-
8486(84)90284-9

Gruneck, L., Jinatham, V., Therdtatha, P., & Popluechai, S. (2022). Siamese fighting fish (Betta splendens Regan) 
gut microbiota associated with age and gender. Fishes, 7, 347. https://doi.org/10.3390/fishes7060347

Hendam, B. M., Baromh, M. Z., Khafaga, A. F., Shukry, M., El-Son, M. A. M., & Abdel-Latif, H. M. R. (2024). 
Effects of dietary baobab, Adansonia digitata on growth, haemato-immunological status, antioxidant 
biomarkers, intestinal histomorphometry, gene expression responses, and disease resistance in Nile tilapia, 
Oreochromis niloticus. Aquaculture, 581, 740473. https://doi.org/10.1016/j.aquaculture.2023.740473

Hoseinifar, S. H., Khalili, M., Rufchaei, R., Raeisi, M., Attar, M., Cordero, H., & Esteban, M. Á. (2015). 
Effects of date palm fruit extracts on skin mucosal immunity, immune related genes expression and growth 
performance of common carp (Cyprinus carpio) fry. Fish & Shellfish Immunology, 47(2), 706–711. https://
doi.org/10.1016/j.fsi.2015.09.046

Hoseinifar, S. H., Zou, H. K., Doan, H. V., Harikrishnan, R., Yousefi, M., Paknejad, H., & Ahmadifar, E. (2019). 
Can dietary jujube (Ziziphus jujuba Mill.) fruit extract alter cutaneous mucosal immunity, immune related 
genes expression in skin and growth performance of common carp (Cyprinus carpio)? Fish and Shellfish 
Immunology, 94, 705–710. https://doi.org/10.1016/j.fsi.2019.09.016

Itankar, P. R., Lokhande, S. J., Verma, P. R., Arora, S. K., Sahu, R. A., & Patil, A. T. (2011). Antidiabetic 
potential of unripe Carissa carandas Linn. fruit extract. Journal of Ethnopharmacology, 135(2), 430–433. 
https://doi.org/10.1016/j.jep.2011.03.036

Jahazi, M. A., Hoseinifar, S. H., Jafari, V., Hajimoradloo, A., Doan, H. V., & Paolucci, M. (2020). Dietary 
supplementation of polyphenols positively affects the innate immune response, oxidative status, and growth 
performance of common carp, Cyprinus carpio L. Aquaculture, 517, 734709. https://doi.org/10.1016/j.
aquaculture.2019.734709

Jankham, A., Promprom, W., Chatan, W., Somnate, K., Khambaione, S., & Munglue, P. (2024). Effects of 
dietary star apple (Chrysophyllum cainito L.) peel extract on growth performance, intestinal histology, 
hematology, and non-specific immune parameters in common lowland frog (Rana rugulosa Wiegmann). 
Natural and Life Sciences Communications, 23(1). e2024009. https://doi.org/10.12982/nlsc.2024.009

Jiang, J., Wu, X.-Y., Zhou, X.-Q., Feng, L., Liu, Y., Jiang, W.-D., Wu, P., & Zhao, Y. (2016). Effects of dietary 
curcumin supplementation on growth performance, intestinal digestive enzyme activities and antioxidant 
capacity of crucian carp Carassius auratus. Aquaculture, 463, 174–180. https://doi.org/10.1016/j.
aquaculture.2016.05.040 

Karslı, Z. (2021). Effects of synthetic androgen (17α-methyltestosterone) and estrogen (17β-estradiol) on 
growth and skin coloration in emperor red cichlid, Aulonocara nyassae (Actinopterygii: Cichliformes: 
Cichlidae). Acta Ichthyologica Et Piscatoria, 51(4), 357–363. https://doi.org/10.3897/aiep.51.70223

Keleştemur, G. T., & Çoban, O. E. (2016). Effects of the β-carotene on the growth performance and skin 
pigmentation of rainbow trout (Oncorhynchus mykiss, W. 1792). Journal of Fisheries and Livestock 
Production, 4(1), 1000162. https://doi.org/10.4172/2332-2608.1000164



276 Pertanika J. Trop. Agric. Sci. 48 (1): 259 - 278 (2025)

Kotchaporn Ponsin, Janeeya Khunchalee and Phukphon Munglue

Krueahong, J., Srinoparatawatana, C., Prasoompon, S., & Panboonma, P. (2022). Promotion and development of 
fighting fish culture: A case study Siamese fighting fish farmers group, Bang muang sub-district, Mueang 
district, Nakhon Sawan province. Journal of Agricultural Research and Extension, 39(1), 114–126.

Lowry, O. H., Rosebrough, N., J., Farr, A. L., & Randall, R. J. (1951). Protein measurement with the Folin 
phenol reagent. Journal of Biological Chemistry, 193(1), 265–275. https://doi.org/10.1016/s0021-
9258(19)52451-6

Łukowski, A., Jagiełło, R., Robakowski, P., Adamczyk, D., & Karolewski, P. (2022). Adaptation of a simple 
method to determine the total terpenoid content in needles of coniferous trees. Plant Science, 314, 111090. 
https://doi.org/10.1016/j.plantsci.2021.111090

Manicketh, T. J., Francis, M. S., & Joseph, G. (2020). Extraction of natural colourants from mussaenda hybrid 
(M. philippica × M. luteola), Carissa carandas L. and Syzygium cumini L. for textile colouration. Natural 
Product Research, 35(21), 4159–4163. https://doi.org/10.1080/14786419.2020.1741578

Mohammady, E. Y., Soaudy, M. R., Mohamed, A. E., El-Erian, M. M. A., Farag, A., Badr, A. M. M., Bassuony, 
N. I., Ragaza, J. A., El-Haroun, E. R., & Hassaan, M. S. (2022). Can dietary phytogenic mixture improve 
performance for growth, digestive enzyme activity, blood parameters, and antioxidant and related gene 
expressions of Nile tilapia, Oreochromis niloticus? Animal Feed Science and Technology, 290, 115369. 
https://doi.org/10.1016/j.anifeedsci.2022.115369

Motlagh, H. A., Paolucci, M., Bami, L. M., & Safari, O. (2020). Sexual parameters, digestive enzyme activities, 
and growth performance of guppy (Poecilia reticulata) fed garlic (Allium sativum) extract supplemented 
diets. Journal of the World Aquaculture Society, 51(5), 1087–1097. https://doi.org/10.1111/jwas.12729

Nascimento, L. da S., Reis, S. M., Ferreira, P. de M. F., Kanashiro, M. Y., Salaro, A. L., & Zuanon, J. A. 
S. (2019). Effects of Curcuma longa rhizome on growth, skin pigmentation, and stress tolerance after 
transport of Trichogaster labiosa. Revista Brasileira de Zootecnia, 48, e20160282. https://doi.org/10.1590/
rbz4820160282

Neimkhum, W., Anuchapreeda, S., Lin, W.-C., Lue, S.-C., Lee, K.-H., & Chaiyana, W. (2021). Effects of Carissa 
carandas Linn. fruit, pulp, leaf, and seed on oxidation, inflammation, tyrosinase, matrix metalloproteinase, 
elastase, and hyaluronidase inhibition. Antioxidants, 10(9), 1345. https://doi.org/10.3390/antiox10091345

Pailan, G. H., Archana, S., & Mrinal, K. (2012). Rose petals meal as natural carotenoid source in pigmentation 
and growth of rosy barb (Puntius Conchonius). Indian Journal of Animal Nutrition, 29(3), 291–296.

Patel, P. R., & Rao, T. V. R. (2013). Physiological changes in karanda (Carissa carandus L.) fruit during growth 
and ripening. Nutrition and Food Science, 43(2), 128–136. https://doi.org/10.1108/00346651311313346

Patria, M. P., Amanda, S. P., Susanti, H., Susilaningsih, D., & Taufikurahman, T. (2024). Growth response 
and color brightness of betta fish (Betta splendens (Regan, 1910)) supplemented by spirulina powder 
from algae Arthrospira maxima (Setchell and N. L. Gardner 1917)). Journal of Agricultural Science and 
Technology, 26(1), 73–83.

Paulos, P., Runnalls, T. J., Nallani, G., Point, T. L., Scott, A. P., Sumpter, J. P., & Huggett, D. B. 
(2010). Reproductive responses in fathead minnow and Japanese medaka following exposure to a 
synthetic progestin, Norethindrone. Aquatic Toxicology, 99(2), 256–262. https://doi.org/10.1016/j.
aquatox.2010.05.001



277Pertanika J. Trop. Agric. Sci. 48 (1): 259 - 278 (2025)

Dietary Carissa carandas Administration for Betta splendens

Promprom, W., Chatan, W., Khambaione, S., Somnate, K., & Munglue, P. (2024). Effects of dietary 
supplementation of spray dried hog plum (Spondias pinnata (L.f.) Kurz) fruit powder on growth, digestive 
enzyme activity, and skin mucus immune parameters of climbing perch (Anabas testudineus (Bloch, 1972). 
Veterinary Integrative Sciences, 22(1), 315–334. https://doi.org/10.12982/vis.2024.023

Saher, S., Narnawre, S., & Patil, J. (2020). Evaluation of phytochemical and pharmacological activity of 
Carissa carandas L. fruits at three different stages of maturation. Drug Research, 70(02/03), 80–85. 
https://doi.org/10.1055/a-0815-4832

Santos, S. S., Rodrigues, L. M., Costa, S. C., & Madrona, G. S. (2019). Antioxidant compounds from 
blackberry (Rubus fruticosus) pomace: Microencapsulation by spray-dryer and pH stability evaluation. 
Food Packaging and Shelf Life, 20, 100177. https://doi.org/10.1016/j.fpsl.2017.12.001

Sathyaruban, S., Uluwaduge, D. I., Yohi, S., & Kuganathan, S. (2021). Potential natural carotenoid sources 
for the colouration of ornamental fish: A review. Aquaculture International, 29(4), 1507–1528. https://
doi.org/10.1007/s10499-021-00689-3

Shekarabi, S. P. H., Mehrgan, M. S., Ramezani, F., Dawood, M. A. O., Doan, H. V., Moonmanee, T., Hamid, 
N. K. A., & Kari, Z. A. (2022). Effect of dietary barberry fruit (Berberis vulgaris) extract on immune 
function, antioxidant capacity, antibacterial activity, and stress-related gene expression of Siberian sturgeon 
(Acipenser baerii). Aquaculture Reports, 23, 101041. https://doi.org/10.1016/j.aqrep.2022.101041

Singh, S., Bajpai, M., & Mishra, P. (2020). Carissa carandas L. – Phyto-pharmacological review. Journal of 
Pharmacy and Pharmacology, 72(12), 1694–1714. https://doi.org/10.1111/jphp.13328

Thongprajukaew, K., Kovitvadhi, S., Kovitvadhi, U., & Rungruangsak-Torrissen, K. (2012). Pigment 
deposition and in vitro screening of natural pigment sources for enhancing pigmentation in male 
Siamese fighting fish (Betta splendens Regan, 1910). Aquaculture Research, 45(4), 709–719. https://
doi.org/10.1111/are.12009

Thongprajukaew, K., Kovitvadhi, U., Kovitvadhi, S., Somsueb, P., & Rungruangsak-Torrissen, K. (2011). 
Effects of different modified diets on growth, digestive enzyme activities and muscle compositions in 
juvenile Siamese fighting fish (Betta splendens Regan, 1910). Aquaculture, 322–323, 1–9. https://doi.
org/10.1016/j.aquaculture.2011.10.006

Verma, K., Shrivastava, D., & Kumar, G. (2015). Antioxidant activity and DNA damage inhibition in vitro 
by a methanolic extract of Carissa carandas (Apocynaceae) leaves. Journal of Taibah University for 
Science, 9(1), 34–40. https://doi.org/10.1016/j.jtusci.2014.07.001

Wang, Y.-J., Chien, Y.-H., & Pan, C.-H. (2006). Effects of dietary supplementation of carotenoids on survival, 
growth, pigmentation, and antioxidant capacity of characins, Hyphessobrycon callistus. Aquaculture, 
261(2), 641–648. https://doi.org/10.1016/j.aquaculture.2006.08.040

Wangkahart, E., Wachiraamonloed, S., Lee, P.-T., Subramani, P. A., Qi, Z., & Wang, B. (2022). Impacts of Aegle 
marmelos fruit extract as a medicinal herb on growth performance, antioxidant and immune responses, 
digestive enzymes, and disease resistance against Streptococcus agalactiae in Nile tilapia (Oreochromis 
niloticus). Fish and Shellfish Immunology, 120, 402–410. https://doi.org/10.1016/j.fsi.2021.11.015

Willora, F. P., Vatsos, I. N., Mallioris, P., Bordignon, F., Keizer, S., Martınez-Llorens, S., Sørensen, M., 
& Hagen, Ø. (2022). Replacement of fishmeal with plant protein in the diets of juvenile lumpfish 



278 Pertanika J. Trop. Agric. Sci. 48 (1): 259 - 278 (2025)

Kotchaporn Ponsin, Janeeya Khunchalee and Phukphon Munglue

(Cyclopterus lumpus, L. 1758): Effects on digestive enzymes and microscopic structure of the digestive 
tract. Aquaculture, 561, 738601. https://doi.org/10.1016/j.aquaculture.2022.738601

Winkler, U. K., & Stuckmann, M. (1979). Glycogen, hyaluronate, and some other polysaccharides greatly 
enhance the formation of exolipase by Serratia marcescens. Journal of Bacteriology, 138(3), 663–670. 
https://doi.org/10.1128/jb.138.3.663-670.1979

Yanar, Y., Büyükçapar, H., Yanar, M., & Göcer, M. (2007). Effect of carotenoids from red pepper and marigold 
flower on pigmentation, sensory properties and fatty acid composition of rainbow trout. Food Chemistry, 
100(1), 326–330. https://doi.org/10.1016/j.foodchem.2005.09.056


