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Abstract 
 

Fatty liver issues in aquafeeds threaten the health and economic viability of 
ornamental fish. A healthy liver supports digestion, detoxification, nutrient 
metabolism, and disease resistance, thereby enhancing pigmentation, growth, and 
longevity. Heen Bovitiya (Osbeckia octandra) leaf powder (HBP), an endemic Sri 
Lankan plant traditionally used for hepatoprotection, was incorporated into Poecilia 
reticulata fry diets at 0% (control), 1% (HB1.0), 2.5% (HB2.5), and 5% (HB5.0) levels to 
assess effects on liver function, growth, pigmentation, and stress tolerance over 8 
weeks. In a completely randomized design with 12 aquaria (20 fry/aquarium, 3 
replicates), liver histology (H&E staining), hepatosomatic index (HSI), MATLAB-based 
color analysis, growth parameters (SGR, WG), tail pigmentation, and stress tolerance 
(packaging simulation) were evaluated. Results showed reduced hepatic alterations 
with increasing HBP (eccentric nuclei, hepatocyte swelling, and melanomacrophage 
aggregates prominent in HB0.0 and HB1.0), with HB5.0 yielding the lowest HSI 
(1.7±0.4, P<0.05) and darkest liver color (200±5 MATLAB value, P<0.05), preserving 
normal hepatocyte structure. Growth remained unaffected up to HB2.5 but declined 
at HB5.0 (due to fiber increase, P<0.05 for WG and final weight); pigmentation and 
stress tolerance were unchanged. HBP at 2.5-5.0% is recommended as an aquafeed 
additive to optimize liver function in P. reticulata fry.  

 

Introduction 
 

The growth performance of aquatic organisms is 
the primary driver of financial gains in commercial 
aquaculture practices (Baer et al., 2010). However, 
pigmentation, immunity, stress tolerance, and liver 
function are important parameters to consider in the 
physiology of fish, especially in the ornamental fish 
industry. Previous research results have confirmed that 

the inclusion of animal-based and plant-based additives 
to the feed in guppies was beneficial from various points 
of view. For example, it has been shown that the varying 
levels of egg yolk powder enhance the growth 
performance of guppy fry (Perera et al., 2022).  In 
addition to that, numerous experiments confirmed that 
herbal feed additives significantly improve the post-
harvest quality and shelf life in fish. For example, 
Mousavi et al. (2023) have identified that the herbal 
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additives (garlic, red onion, and sweet red pepper) could 
improve the growth, immunity, and pigmentation of 
juvenile guppies. Moreover, Sathyaruban et al. (2024) 
found that palmyrah (Borassus flabellifer) fruit pulp 
enhances the above-mentioned parameters in guppy 
fry. Furthermore, Spirulina can enhance breeding 
performance, in addition to growth and pigmentation in 
guppy (Perera et al., 2024a). Several studies have shown 
the effectiveness of herbal additives in other 
ornamental fish (Meilisza et al., 2019; Perera et al., 
2024b).  

The liver of fish is one of the pioneering organs in 
the fish body that can digest and absorb nutrients from 
food, and in consideration of that, it is essential to 
monitor the functioning of these organs for the 
betterment of the fish (Roberts, 1989; Takashima & 
Hibiya, 1995). Therefore, if a feed is not formulated 
correctly, it can cause histological alterations in the fish 
liver (Tacon, 1992).  

Various factors, including nutritional, 
environmental, and genetic factors, contribute to fatty 
liver disease in fish (Tian et al., 2025). Out of the above 
multiple factors, nutrition-based fatty liver adversely 
affects the sustainable progress of the aquaculture, and 
causes are the high-energy diets enriched with lipids and 
carbohydrates, and a lack of essential nutrients (Zhao et 
al., 2023). Recent research has confirmed that feeding 
the guppy with non-species-specific feeds, such as 
shrimp feed, leads to the building of fatty liver (Perera 
et al., 2026). Lu et al. (2014) reported that fatty liver in 
fish led to oxidative stress, liver damage, reduced 
growth, and increased mortality. 

Heen Bovitiya, Osbeckia octandra (L.) plant belongs 
to the family Melastomataceae and is an endemic 
medicinal plant in Sri Lanka (Wijesinghe & Priyadarshan, 
2020). It has a long-standing record as a medicinal plant 
used in traditional medicine to treat liver-associated 
diseases (Thabrew & Jayatilaka, 1999; Nicholl et al., 
2001). Some studies suggest that the natural 
antioxidants in O. octandra (L.) may mitigate oxidative 
damage, as reactive oxygen species are implicated in 
liver damage, leading to a consequent improvement in 
liver fibrosis (Madrigal-Santillan et al., 2014).  

The capability of the natural antioxidants to reduce 
the DPPH free radical of O. octandra was found to be 
from 55.5±2.4 µg/mL to 98.4±4.0 µg/mL (Perera et al., 
2013). Previous researchers have found that leaf and 
whole-plant extracts have antioxidant capacity 
(2,2-diphenyl-1-picrylhydrazyl, Ferric reducing 
antioxidant power, Oxygen radical absorbance capacity, 
and 2,2’-azinobis) (Perera et al., 2013; Samaradivakara 
et al., 2016). 

The Guppy, Poecilia reticulata, is a fish belonging 
to the order Cyprinodontiformes and family Poeciliidae. 
It is a small, non-migratory, benthopelagic fish that lives 
in expansive aquatic habitats (Skikano & Fujio, 1997). 
Moreover, this species is a famous ornamental fish 
cultured in Asian countries (Chong et al., 2004). It can 
tolerate both well-oxygenated and poorly oxygenated 

water, and it is considered a hardy fish species 
(Sharbidre et al., 2011).  

Ornamental fish are cultured for sale as live fish; 
thus, middlemen, exporters, and end customers expect 
fish with a maximum lifespan. On the other hand, 
farmers wish to produce healthy fish because it helps 
them to run the business sustainably in the long term. 
However, aquafeed-related fatty liver disease in 
ornamental reduced in their lifespan. Therefore, though 
this experiment was done for one ornamental fish 
species, the results of this experiment describe how the 
quality and self-life (lifespan) of any fish species can be 
enhanced in general. Furthermore, results are an 
example of applying underutilized herbal products with 
a traditional technology.  Therefore, the safety and 
sustainability of the fish can be certified by applying to 
the additive for the practical feed. 

Inspired by successful results in regulating human 
liver diseases using O. octandra powder/extract in 
indigenous medicine, farmers use the applicable 
powder/extract in aquafeeds to regulate liver function. 
However, there is a research gap in the above topic; 
therefore, this experiment was conducted to explore 
the effect of O. octandra powder in P. reticulata feed on 
liver function regulation and to identify any additional 
effects on growth, pigmentation, and stress tolerance. 
 

Materials and Methods 
 

This study was conducted at the National Aquatic 
Resource Research and Development Agency (NARA), 
Panapitiya, Waskaduwa, Sri Lanka, from 01 January 
2024 to 14 March 2024.  
 
Preparation of O. octandra Powder 
 

The fresh leaves of O. octandra were collected 
from the wild in the Horana area of Sri Lanka, washed 
thoroughly, and oven-dried at 350C for three days 
(Müller et al., 1989). After that, the dried leaves were 
ground into fine powder using an electric grinder and 
stored in a refrigerator until further use. 
 
Preparation of the Experimental Diets 
 

Iso-proteinic and iso-energic research diets were 
prepared following the formulas mentioned in Table 1. 
For the HB 1.0, HB 2.5, and HB 5.0 treatments, 
respectively, 1%, 2.5%, and 5% of O. octandra leaf 
powder were incorporated, while the HB O.O; O. 
octandra leaf powder-free diet was used as the control.  

Warmed distilled water was added to each 
treatment diet after all ingredients were well mixed. 
Then, a dough was formed and passed through a Sherry 
UH-B12MEC-B meat mincer (Sherry Bakery Equipment 
Suppliers (Pvt) Limited, Malambe, Sri Lanka). The feeds 
were transferred to labelled trays and dried in a solar 
drier covered with UV-treated polythene. Finally, drying 
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constantly, the cooled feeds were transferred to sealed 
bags and stored in a refrigerator.  
 
Proximate Composition of Ingredients and Feeds 

 
Moisture, Ash, fiber, crude protein, and crude fat 

were assayed for the proximate analysis of O. octandra 
leaf powder. The ingredients and research feeds were 
tested at the Aqua Testing Laboratory of The Ceylon 
Grain Elevators, Colombo 15, Sri Lanka.  
 
Conditioning of Poecilia reticulata Fry 

 
Three hundred P. reticulata fry (initial weight, 

0.11±0.02 g/fish) were procured from Deepika Fish 
Farm, Handapangoda, Sri Lanka. A total of 240 fish were 
stocked in the tank and acclimatized for a week. The 
control feed was fed ad libitum twice daily (9 a.m. and 3 
p.m.) during the above week.  
 
Experimental Setup 

 
Twelve glass tanks, each 182 L, were used to stock 

20 P. reticulata fry per tank. The experimental tanks 
were filled with conditioned freshwater to a height of 15 
cm (162 L). A total of four treatments with three 
replicates were used in the experiment: HB 0.0 (Control; 
0% HBP), HB 1.0 (1% HBP), HB 2.5 (2.5% HBP), and HB 
5.0 (5% HBP). Tanks were randomly allocated to each 
treatment; thus, the experimental design was a 
Completely Randomized Design. Each aquarium was 
aerated with a RESUN GF-750 air blower (Guangzhou 

Puyangli Aquarium & Accessories Co. Ltd., Guangdong, 
China). Air temperature and light intensity were 
maintained at 27.9±0.60C and 923±41 Lux, respectively. 
The photoperiod was regulated as 12 hours (light)/12 
hours (dark) using LED bulbs as the light source 
throughout the experimental period. The illumination 
was measured by a SMART SENSOR AS803 lux meter 
(ARCO Electronics Ltd, Dong Guan City, China). 
 
Rearing and Feeding of Poecilia reticulata Fry 

 
After conditioning, the initial body weights of all 

the fish in each treatment were measured and recorded 
on the first day of the experiment using the Sartorius 
BSA-822-CW chemical balance (Sartorius Lab 
Instruments GmbH & KG, Goettingen, Germany). The 
fish were fed ad libitum twice a day at 09.00 and 15.00 
hours. The body weights of the randomly selected five 
fish in each replicate were measured weekly. Eventually, 
the body weights of all fish in each treatment were 
measured after 56 days (8 weeks) using the same 
electronic balance at the end of the experiment.  

Growth performance was evaluated using the 
parameters and equations listed below.  

 
Survival rate= (Final fish number/Initial fish number) 

 
Weight gain (WG)= Final weight (g) – Initial weight (g) 

 
Daily weight gain (DWG)= Weight gain (g)/Number of 

days 
 

Table 1. Feed formulas and proximate analysis of the test diets (%, dry weight basis)  

Ingredient HB 0.0 HB 1.0 HB 2.5 HB 5.0 

Fish meal 50.00 50.00 50.00 50.00 
Soybean 23.00 23.50 24.25 24.50 
Rice bran 13.16 10.91 7.16 2.41 
Corn 5.00 5.00 5.00 5.00 
Heenbovitiya 0.00 1.00 2.50 5.00 
Methionine 0.15 0.15 0.15 0.15 
Lysine 0.15 0.15 0.15 0.15 
Cholene chloride 0.04 0.04 0.04 0.04 
Fish oil 2.00 2.75 4.25 6.25 
Vitamin  2.00 2.00 2.00 2.00 
Mineral  2.00 2.00 2.00 2.00 
CMC 2.00 2.00 2.00 2.00 
DCP 0.50 0.50 0.50 0.50 

Dry matter content 90.8 91.2 90.9 90.9 
Crude protein  37.9 38.1 38.2 38.0 
Crude Lipid 10.4 10.5 11.9 13.1 
Moisture 9.2 8.8 9.1 9.1 
Ash 11.4 11.6 10.8 11.2 
Fiber 1.8 2.1 2.3 3.4 
NFE 38.5 37.7 36.8 34.3 
Energy (Kj/g) 18.1 18.0 18.0 17.7 

Note: 1Composition of Vitamin mixture per 1Kg- Vitamin A-1,000,000 IU, Vitamin D3- 100,000 IU, Vitamin E- 10,000 IU, Vitamin C- 10,000 mg, Vitamin 
K- 800 mg, Vitamin B1- 1500 mg, Vitamin B2- 1200 mg, Vitamin B6- 750 mg, Vitamin B12- 20 mg, Pantothenic Acid- 3000 mg, Niacin- 2150 mg, Folic 
Acid- 300 mg, Inositol -25,000 mg, Biotin- 25 mg, Selenium- 30 mg; 2Composition of Vitamin mixture per 1Kg-  Iron- 20,000 mg, Zinc- 32,000 mg, 
Copper- 2,000 mg, Cobalt- 150 mg, Iodine- 325 mg, Magnesium- 6,000 mg, Potassium- 100 mg, Sodium- 5.9 mg, Manganese- 1500 mg; 
3Carboxylmethyl Cellulose; 4Di Calcium phosphate.  
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Relative weight gain (RWG)= (Weight gain (g)/Initial 
weight (g)) x 100 

 
Specific growth rate (SGR)= ((Ln weight(final) – Ln 

weight (initial))/number of days) x 100 
 
Water Quality Management 

 
The water in the treatment tanks was siphoned 

daily and refilled with conditioned water up to the same 
level. Further, two-thirds of the water was replaced 
once weekly. The essential water quality parameters 
(pH, temperature, conductivity, Dissolved oxygen, and 
ammonia concentration) were measured in all 
treatment tanks twice a week and were maintained 
within optimum ranges throughout the experimental 
period. 

The pH and water temperature were measured 
with an EUTECH PH6+ pH meter (EUTECH Instruments 
Pte Ltd, Singapore). Dissolved oxygen was monitored 
using the EZDO PDO-408 Dissolved Oxygen Meter (Gon 
DO Electronic Co. Ltd, Taipei City, Taiwan). Total 
ammonia was tested utilizing a standard test kit (NT 
Laboratories Ltd, Kent, TN 12 9QS, UK). Additionally, 
conductivity was measured using the WTW Cond 3310 
Conductivity Meter (Xylem Analytics GmbH & Company, 
Weinheim, Germany).  
 
Testing the Liver Functions 
 
Calculating the Hepatosomatic Index (HSI) 

 
Three fish from each replicate were used to 

measure HIS, and their weights were recorded. Fish 
were exposed to clove oil at a 400 mg/l concentration 
for euthanasia (Fernandes et al., 2017), and the 
dissected fish livers were removed, and weights were 
recorded.  

The Hepatosomatic Index (HSI) (Htun-han, 1978) 
was calculated as follows. 

 
Hepatosomatic Index (HIS)= (Liver weight (g)/Body 

weight (g)) x 100 
 
Evaluating the Colour Changes in the Liver Using 
Digital Photographs and MATLAB Program 

 
The selected fish were anesthetized according to 

the recommendations of Cunha et al. (2015). The fish 
livers of each replicate were photographed following the 
recommendations of Stevens et al. (2007), using the 
Nikon D7500 DLSR camera (Nikon Imaging Japan Inc., 
Tokyo, Japan) and YN 60mm F2NE MF 1:1 macro lens 
(YONGNUO Photographic Equipment Co. Ltd, Shenzhen, 
China). The shutter speed, aperture, and ISO were 
maintained at 40, 8, and 320, respectively. The light 
intensity was maintained at 798±72 using the SMART 
SENSOR AS803 Digital Lux meter (ARCO Electronics Ltd, 
Dong Guan City, China). The camera was placed at a 

constant distance from the subject using a tripod. An 
ample lighting condition was selected, and a spotlight 
was used. Eventually, changes in the colour intensity of 
the fish livers were analyzed using the digital 
photographs using the R2020a version of the MATLAB 
program. Each pixel was assigned a value from 0 to 255, 
where 0 indicates black and 255 indicates white. 
According to Uribe et al. 2018 "Values closer to zero 
denoted a higher colour intensity and vice versa." 
 
Analyzing the Histology of the Hepatocytes 

 
The methods described in the NSH (2007) and 

Gobinath & Ramanibai (2014) were used to analyze the 
histology of the hepatocytes. Three fish in each replicate 
were randomly selected, and the fish livers were 
dissected. The isolated liver samples were preserved in 
10% neutral buffered formalin. The liver samples were 
kept in tagged vials and fixed for 24 hours. 
Histopathological analysis was performed at the 
Department of Veterinary Pathobiology, Faculty of 
Veterinary Medicine and Animal Science, University of 
Peradeniya, Sri Lanka. The fixed liver tissue samples 
were washed with distilled water and kept in the carrier 
of the automatic tissue processor SE 400 (Shandon 
Scientific Co. Ltd, England). The samples were 
dehydrated in different grades of alcohol series (70%, 
80%, and 90% ethanol, and three absolute alcohol 
baths).  

The embedding process was performed on the TEC 
2900 embedding machine (Histo-Line Laboratories, 
Italy), and the block was cooled in the TEC 2900 cold 
chamber (Histo-Line Laboratories, Italy) for 5 minutes to 
facilitate removal from the mould. The section cutting 
was done using the 4 µm microtome (Histo-Line 
Laboratories, Italy). The staining was done through 
hydration followed by dehydration. Xylene was used to 
remove the wax. The hydration process was performed 
using a descending sequence of alcohols. Hematoxylin 
and eosin staining was used for histopathological 
analysis. Subsequently, it was mounted in DPX and 
observed under a light microscope at 10× magnification 
(Euromex iscope, Holland). 
 
Testing the Skin Pigmentation of Fish 

 
The tails of five fish from each replicate were 

photographed and analyzed using the apparatus and 
protocol described in 8.2 above.  
 
Conducting the Stress Tolerance Test 

 
At the end of the experiment, a stress tolerance 

test was conducted on the randomly selected 10 fish in 
each treatment replicate using the method described by 
Lim et al. (2003). 

Initially, pre-aerated saline water at 35 ppm was 
used to fill the 12 containers to a volume of 500 ml each. 
Ten guppy fingerlings were randomly selected from 
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each treatment and allocated to the above-labelled 
containers. The number of dead fish was recorded every 
3 minutes for 2 hours. The fish's stress resistance was 
measured as the cumulative mortality index (CMI). The 
CMI value was obtained by summing the 40 cumulative 
mortality readings recorded during the observation 
period. Therefore, a higher value represents lower 
stress tolerance, and vice versa.[RX1] 
 
Statistical Analysis 

 
IBM SPSS Statistics 25.0 statistical software 

package was used for statistical analysis. All data were 
analyzed after checking normality. All the parameters 
were analyzed using one-way ANOVA at a 95% 
confidence interval (P<0.05). Tukey’s multiple-
comparison test was used to determine differences 
between treatments. All analysis results are reported as 
the mean±standard deviation across replicates.   
 

Results 
 

Liver Histology 
 
As per the observations in Figure 1, several 

alterations were found in the liver tissues of P. reticulata 
fed without O. octandra. An excess level of fat was 
observed in both HB 0.0 and HB 1.0 treatment diet-fed 
fish. Moreover, eccentric nuclei were observed in 
hepatic cells of the above liver. Simultaneously, 

hepatocyte swelling was observed in the HB 0.0 and HB 
1.0 treatments. Further, melanomacrophage 
aggregation was indicated in HB 0.0. In contrast, typical 
hepatocytes with a central and round nucleus were 
observed in the liver cells of HB 2.5 and HB 5.0 treated 
fish. When the above observations are considered, the 
variation in fatty liver condition based on the highest 
intensity to the lowest was as follows: T1˃T2˃T3=T4 

A decreasing trend in the HSI of P. reticulata was 
observed as the O. octandra inclusion level increased in 
the diet (Figure 2). However, the HSI values of HB 0.0, 
HB 1.0, and HB 2.5 were statistically similar to each 
other, and the lowest HSI value was significantly 
different, at HB 5.0. (Inclusion level of O. octandra was 
5%) (Table 2).  

The colour intensity of the liver of HB 0.0 was closer 
to white (higher value) when O. octandra was not 
included in the diets (Table 3) In contrast, pigmentation 
values were closer to black (lower value) when the HBP 
were higher. Moreover, visual observation also 
suggested that as the HBP per cent increased, the liver 
colour changed from whitish orange to brown-orange, 
which is considered to be a sign of a healthy liver.   

 
Growth Performance 

 
Figure 3 shows that all experimental diets were 

well ingested by the fish (R2>0.97) during the 
experimental period. The results for growth parameters 
and survival rate are presented in Table 3. The results 

  

  

Figure 1. Representative images of the histology of hepatocytes of P. reticulate fry fed by different research diets as seen under 
the light microscope at 10×magnification (Euromex iscope, Holland) HB 0.0 (Vaculated hepatocytes with pycnotic nucleus (A), 
Liver tissues with irregular shaped, eccentric nucleus in the hepatocytes filled with large fat globules (B), Nuclear degeneration 
(C), Lymphocytes (D), Melanomacrophages aggregates (E), fat globules (F), degenerated hepatocytes (G); HB 1.0 (Hepatocytes 
with irregular shaped nucleus (A), Eccentric nucleus (B), Fat globules (C), Nuclear degeneration (D); HB 2.5) Central and round 
nucleus(A); HB 5.0  (Normal hepatic tissue (A), Central and round nucleus(B). 
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confirm that there is no significant effect (P<0.05) for 
the final weight and weight gain (WG) of the fish up to 
2.5% inclusion level of HBP, though the final weight and 
WG decreased non-significantly with increased inclusion 
levels of HBP. On the contrary, a statistically significant 
reduction in WG was observed in the fish when the HBP 
level was 5%. Furthermore, incorporation of the HBP did 
not affect daily weight gain (DWG), relative weight gain 
(RWG), specific growth rate (SGR), or survival rate.  

Table 4 and Table 5 confirmed that body colour 
intensity and stress tolerance are independent of the 
inclusion of O. octandra.  
 

Discussion 
 

Enhanced growth performance, immunity, stress 
tolerance, and pigmentation are the primary objectives 
at the end of the ornamental fish culture cycle. 
However, it has been frequently reported that fatty liver 
in some fish species in ornamental fish farms is due to 
the use of formulated fish feed. Therefore, liver health 
in ornamental fish has become an additional objective 
expected from aquafeed. 

The liver is a significant site of metabolism, 
excretion, biochemical transformation, and storage 
(Mitra and Metcalf, 2009; Chiang, 2014). Generally, the 
health and function of organs can be investigated 
through histopathological analysis (Susan et al., 2012). 
Therefore, liver histopathology has been used as an 
indicator of liver function in the present study. Fatty 

liver is becoming a common issue in the ornamental fish 
industry owing to prolonged captivity and excess 
feeding with high-fat feed (Speare, 2000). Therefore, 
therapeutics for liver diseases through feed 
management are also necessary, and liver function must 
be considered a parameter in aqua feed research. 

Researchers have recently focused on regulating 
liver functions through aqua feeds. In this regard, herbs 
and medicinal plants can often serve as alternative 
treatments for chronic liver disease. The mature leaves 
of Osbeckia octandra are used in Sri Lankan traditional 
medicine to treat liver diseases as a hepatoprotective 
therapy (Nicholl et al., 2001; Perera et al., 2013). 
Moreover, using rat hepatocytes from both mice and in 
vitro, the effects of O. octandra leaf extracts on 
paracetamol-induced acute liver damage were 
investigated (Thabrew et al., 1995). However, studies on 
ornamental fish using O. octandra are challenging to find 
or almost non-existent. 

Eccentric nuclei were noticed in hepatic cells of HB 
0.0 and HB 1.0 treatments, as the fat deposition in the 
cytoplasm of the liver cell partially displaces the nucleus 
of the liver cell (Zhang et al., 2019). This fatty liver 
condition can expose the fish to severe stress. 
Moreover, fatty liver development progresses through 
stages including steatosis, necrosis, inflammation, 
fibrosis, cirrhosis, and carcinoma (Friedman et al. 2018; 
Wisse et al., 2022). Simultaneously, the swelling of 
hepatocytes in HB 0.0 and HB 1.0 treatments causes 
necrosis and disturbs the cellular architecture 

 

Figure 2. Hepatosomatic Index (HSI) change of P. reticulata fry fed with different inclusion levels of HBP-included diets during the 
experimental period. 

 
Table 2. Changes in HSI values and liver colour intensities (expressed as MATLAB values of the digital photographs) of P. reticulata 
fed with studied diets 

Parameter HB 0.0 HB 1.0 HB 2.5 HB 5.0 P value 

HSI 4.3±0.1a 4.2±0.4a 3.6±0.4a 1.7±0.4b 0.001 
Liver colour Intensity 143±0.9a 177±0.4b 178±0.1b 200±0.5c 0.001 

 



Aquatic Food Studies AFS344 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Figure 3. Growth curve of P. reticulate fry fed by (a) 0%, (b) 1%, (c) 2.5%, and (d) 5.0% HBP-included diets during the experimental 
period. 

 
Table 3. Growth performance of P. reticulata during the experimental period fed by research diets 

Parameter HB 0.0 HB 1.0 HB 2.5 HB 5.0 P value 
Initial weight (g) 0.10±0.01a 0.10±0.01a 0.10±0.01a 0.11±0.01a 0.93 
Final weight (g) 0.58±0.01b 0.56±0.01b 0.53±0.02ab 0.49±0.01a 0.01 
WG (g) 0.47±0.01b 0.46±0.01b 0.42±0.03ab 0.38±0.01a 0.02 
DWG mg/Day) 6.76±0.14a 6.52±0.12a 6.08±0.42a 5.46±0.12a 0.02 
RWG 471±21a 448±31a 416±51a 362±27a 0.21 
SGR 2.72±0.05a 2.68±0.08a 2.60±0.13a 2.49±0.09a 0.37 
Survival rate (%) 80±04a 81±03a 83±05a 80±02a 0.94 

Note: WG= weight gain, DWG= daily weight gain, RWG= relative weight gain, SGR= specific growth rate. 
 
 
 

Table 4. Skin colour intensity of P. reticulata expressed by MATLAB values at the end of the experiment fed by different research 
diets 

Parameter HB 0.0 HB 1.0 HB 2.5 HB 5.0 P value 
Body colour intensity 78.3±0.8 84.9±3.0 80.7±3.5 81.8±1.3 0.36 

 
 
 

Table 5. Stress tolerance values expressed by the Cumulative Mortality Index (CMI) of P. reticulata at the end of the experiment 
fed by different research diets  

Parameter HB 0.0 HB 1.0 HB 2.5 HB 5.0 P value 
CMI 253±05 253±03 264±10 263±04 0.42 

Note: Higher value indicates lower stress tolerance, and vice versa. 

 



Aquatic Food Studies AFS344 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Basaranoglu & Neuschwander-tetri, 2006). The HB 0.0 
slide contained melanomacrophage aggregates, which 
were associated with degenerative and necrotic 
processes in hepatic cells and depicted the metabolic 
and structural damage to the particular organ (Camargo 
& Martinez, 2007).  

Further, the comparatively high HSI value is 
considered an indicator of liver disease (Hossain et al., 
2016; Eliasen et al., 2020), and the decreasing trend in 
HSI with increasing HBP indicates that HBP positively 
affects liver function in P. reticulata fry. However, only 
5% of HBP levels were strong enough to yield a 
significant result.  

The animal's livers exhibit a reddish-brown colour 
due to their rich vascularity, indicating a better 
nutritional status and health in the species studied 
(Brusle & Anadon, 1996). Visual observation of the 
colour of the fish liver is a practical way to assess liver 
health. This method is not scientific; therefore, the 
colour intensity of liver was expressed as numbers using 
MATLAB analysis of the digital photographs of the liver. 
The highest color intensity can be obtained in HB 5.0, 
while the lowest can be obtained in HB 0.0. This 
indicates that the fish in the HB 5.0 treatment are in 
better health than those in other treatments. These 
results further confirmed the above results. 

Bogahawaththa et al. (2023) explained that O. 
octandra contains valuable active compounds, such as 
pedunculagin, casuarinin, and gallic acid, and that their 
presence suggests its potential to treat liver fibrosis. 
Jayathilaka et al. (1989) showed that the crude aqueous 
extracts of O. octandra exhibit specific hepatoprotective 
effects that counteract liver damage induced by carbon 
tetrachloride (CCl₄). Further, Grayer et al. (2008) 
reported that the crude water extract of HBP showed 
hepatoprotective activity against liver toxins, and gallic 
and protocatechuic acids were more effective at 
protecting hepatic cells among the three phenolic acids 
tested against the two toxic compounds. 

Growth is considered an important indicator of an 
organism’s health (Moyle & Cech, 2000). Fish weight 
measurements can be used to determine the growth 
performance of guppy fish. Moreover, fish growth 
depends on the ingredient content and composition of 
formulated feed (Glencross et al., 2007). The results of 
this study showed that O. octandra could be successfully 
incorporated into the P. reticulata fry feed at up to 2.5% 
with appropriate formulations.  Fiber is an indigestible 

plant matter (NRC, 1993). The fiber content of the HBP 
was 17.8±0.6%, and when the HBP content was 
increased, fiber level of each feed was also increased 
from 1.8% to 3.4% (Table 6). The reduced growth in HB 
5.0 treatment diet-fed fish was due to the higher fiber 
level in the diet. 

The findings confirmed that when the dietary fiber 
is increased in the feed, growth depression can be 
observed in fish; however, it does not affect liver 
functions (Hilton et al., 2011). Moreover, higher fiber 
contents restrict the accessibility of encapsulating 
nutrients to digestive enzymes (Singh et al., 2021). In 
addition to that, fiber interferes with the food transiting 
rate through the gut, leaving insufficient time for 
enzymes to digest the nutrients (Hilton et al., 2011). 
Furthermore, starch gelatinization is essential to 
produce the extruded feed, and higher fiber levels dilute 
the effect on starch, resulting in lower expansion ratios 
(Brown et al., 2012). To minimize these effects, 
nutritionists have to use higher extrusion temperatures 
or dedicated preconditioning to break down fiber 
components, though this is not always practical for very 
high-fiber formulations (Boucher et al., 2024).  
Therefore, when the HBP is incorporated into the diets, 
the optimum and maximum inclusion levels should be 
considered. 

When high fiber was included in pelleted fish feed, 
the above issues arose. Then, it is necessary to manage 
pelleting stability to align with the logistical and 
environmental realities of commercial aquaculture, with 
respect to scalability. High-fiber diets challenge 
traditional pellet mill capacity, leading to lower water 
stability and more powdery form (Banjac et al., 2021). 
Therefore, the maximum fiber content should not 
exceed 3% of the total fish feed formula to avoid 
excessive water penetration and pellet integrity 
(Bortone, 2014). However, a fiber level of 3.4% when the 
HBP inclusion level is 5% is acceptable.  

Moreover, HBP is frequently used by humans as a 
food supplement and a drug in indigenous medicine; 
thus, the price may be higher. Then, the cost-
effectiveness factor should be considered. When 5% 
inclusion level of HBP is used, a reduction has been 
observed. Simultaneously, healthy liver conditions have 
been observed at the same HBP inclusion level. 
Therefore, applying the 5% of HBP is a nutritional trade 
off. 

Table 6. Nutritional information (%, dry weight basis) and energy values of O. octandra leaf powder 

Parameter %, dry weight 

Dry matter content 91.4±0.8 
Crude protein  6.2±0.3 
Crude Lipid 9.3±0.5 
Moisture 8.6±0.4 
Ash 10.2±0.7 
Fiber 17.8±0.6 
NFE 47.9±0.8 
Energy (Kj/g) 14.9±0.6 
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According to the present study, there was no 
significant difference among the four treatments in 
guppy fish pigmentation and stress tolerance. It has 
been identified that O. octandra contains flavonoids 
such as quercetin and kaempferol (Hettihewa and Silva, 
2.021). These flavonoids are not responsible for the 
colour intensity of fish; carotenoids are the key source 
of pigmentation in ornamental fish (Yuli et al., 
2024).  Thus, incorporation of the additive has shown a 
neutral effect on the colour intensity in the researched 
fish. 

Furthermore, the results indicate that including O. 
octandra at these levels does not affect the stress 
tolerance in guppy fish. Though there is a potential to 
mitigate the adverse effects of stress through feed 
additives, several extrinsic (e.g., culture systems, water, 
etc.) and intrinsic factors (e.g., stage, genetic effect, etc.) 
have to be considered; thus, the mechanism is still 
unclear (Herrera et al., 2019). Therefore, further 
research is required to identify the related mechanisms. 
 

Conclusions 
 

The above results confirmed that the HBP is a 
potential plant-based additive for regulating liver 
function in the fry stage of Poecilia reticulata. The 
experiment further reveals that inclusion levels of 2.5-
5% are suitable for use as an aqua feed additive. 
However, the effect of the growth performance should 
be considered when HBP is incorporated into the diet.  
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