Journal of Academia Vol. 14, Issue 1 (2026) 23 — 33

ASSESSMENT OF ALTERNATIVE PROTEIN SOURCES AS
FISHMEAL REPLACEMENTS ON THE GROWTH PERFORMANCE
OF JUVENILE 7or tambroides (BLEEKER 1854)

Mohd Yusof Hanan!®, Nur Siti Fatimah Ramli?, Md. Ali Amatul-Samahah', Muhamad Zudaidy Jaapar', Mohd
Faizzi Mohd Yusof!

IFisheries Research Institute (FRI) Glami Lemi, Department of Fisheries, Titi, 71650 Jelebu, Negeri Sembilan, Malaysia
2Pusat Asasi Sains Universiti Malaya (PASUM), University of Malaya, 50603 Kuala Lumpur, Malaysia

*Corresponding author: hanan@dof.gov.my

Abstract

Fishmeal has traditionally been a primary protein source in aquafeeds due to its high nutritional quality.
However, declining availability and rising costs have driven interest in alternative protein sources. This
study aimed to evaluate the effects of replacing fishmeal with different protein sources on the growth
performance of juvenile Malaysian mahseer, 7or tambroides. Four experimental diets were used and
formulated using Diet 1 as control, soybean meal (SBM) as Diet 2, Black Soldier Fly Larvae meal
(BSFL) as Diet 3, and poultry by-product meal (PBM) as Diet 4. Juvenile 7. tambroides were reared in
outdoor tanks (triplicate groups per diet) over a five-month feeding trial. Growth performance metrics,
including body weight gain, specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency
ratio (PER), and hepatosomatic index (HSI) were assessed. Results indicated that fish fed the Diet 2
achieved the highest weight gain which is 32.66 +0.18 g compared to fish fed with Diet 3 (30.29 £1.41g)
and Diet 4 (25.54 +1.51g). Meanwhile, for SGR, the fish fed with Diet 3 showed highest result
(0.42+0.02%/day) compared to those fed Diet 2 (0.41+0.02%/day) and Diet 4 (0.38+0.02%/day).
However, the differences were not statistically significant (P>0.05). Notably, the Diet 2 (1.06+0.001)
resulted in significantly higher PER values (P<0.05) compared to the Diet 1 (control) (0.97+0.001). No
significant differences (P>0.05) were observed in FCR across the different diet treatments. These results
highlight the potential of alternative proteins using soybean meal (SBM) and Black Soldier Fly meal
(BSFM) as viable substitutes for fishmeal in juvenile 7. tambroides diets, while emphasizing the need
for additional studies on protein utilization and long-term effects.
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Introduction

Tor tambroides or locally known as Malaysian mahseer (Kelah) is from the family of Cyprinidae.
Malaysian mahseer is a highly valued freshwater fish prized for its ecological significance, cultural
importance, and premium market value (Tan et al., 2019). It commands high prices in the live fish and
ornamental markets, sometimes exceeding RMS800 per kilogram, making it one of the most
economically important indigenous species in Southeast Asia (Bernama, 2021). In addition to its
economic value, mahseer is regarded as a flagship species for river conservation and holds cultural
significance among local communities, particularly in traditional fisheries and ceremonial uses
(Raghavan et al., 2011). Despite its importance, Malaysian mahseer populations are reported to decline
rapidly due to several interrelated factors (Asaduzzaman et al., 2016). Studies document that habitat
degradation resulting from hydropower dam construction, river engineering, deforestation, and
pollution from agriculture and industry, reduces river connectivity and alters critical spawning grounds
(Lau et al., 2021). In addition, overfishing, including illegal and unsustainable capture driven by high
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market demand, has led to drastic reductions in wild landings across regions such as Peninsular
Malaysia and Kenyir Lake (Wong et al., 2019). Successfully induced spawning of captive Tor
tambroides broodstock has been established to sustain the availability of the juveniles for commercial
aquaculture production (Lee et al., 2014). Subsequently, a proper diet rich in proteins is of the utmost
importance for the growth and development of 7. tambroides, as it is known to be a slow-growing fish
(Tan et al., 2019). This species allocates a substantial portion of its energy towards maintenance and
metabolic processes, thereby requiring high-quality protein sources to support muscle development and
optimize growth rates during its extended juvenile phase (Misieng et al., 2011).

Fishmeal has long been a cornerstone ingredient in aquafeed due to its high-quality protein content,
ranging between 72-80%, balanced amino acid profile, and excellent digestibility, all of which are
essential for optimal growth, feed efficiency, and health of cultured fish species.

However, the rising global demand for fishmeal, coupled with dwindling marine resources, has led to
limited availability and a significant increase in feed costs, posing economic and sustainability
challenges to the aquaculture industry (Tran et al., 2023). In response, the industry has shifted its focus
towards the development of alternative, sustainable protein sources that can partially or fully replace
fishmeal without compromising fish performance. These alternative protein sources not only reduce
reliance on marine-derived ingredients but also support the goal of producing nutritionally balanced,
cost-effective, and environmentally sustainable fish feeds.

Soybean is the second most imported raw ingredient after maize used as animal feed in Malaysia, with
1.35 million MT imports in 2015 (DoA, 2017). The huge demand for SBM is mainly for animal feed
requirements. SBM is considered among the cheapest and most available protein sources in Asia. It has
long been recognized as the best fit for fishmeal replacement due to its abundant supply, high protein
content, and balanced amino acid profile (Ajani et al., 2016; Muin et al., 2015; Silva-Carrillo et al.,
2012). Soybean meal, when included at levels of 50% to 60% in formulated diets, has been shown to
sufficiently meet the protein requirements of many freshwater fish species due to its high crude protein
content (Gatlin et al., 2007). It serves as an effective substitute for more expensive protein sources such
as fishmeal, while still supporting optimal fish growth and performance. Consequently, the use of SBM
in aquafeeds has contributed to a substantial reduction in overall production costs (Gatlin et al., 2007
Rawles et al., 2011).

Insects are part of the natural diets for wild fish. Therefore, the utilisation of insects as aquaculture feeds

mainly in freshwater fish has been studied for their nutritional values (Henry et al., 2015; Taufek et al.,

2016). Black soldier fly or Hermetia illucens is a species from the order Diptera that also housed the

common housefly (Henry et al., 2015). Many studies have focused on insects as an alternative protein

source because of their protein enrichment, easy rearing, and availability. Black soldier fly meal (BSFM)
is a newly emerging alternative protein industry worldwide including Malaysia (Hasan et al. 2009;

Macusi 2023). This sustainable protein source that is reproducible and technically easy and cheap to

produce is expected to be among the most suitable alternative protein source in animal feed to substitute

fishmeal. The implementation of BSF larvae as feed ingredients for fish and poultry animals has been

intensified recently (Belghit et al., 2019; Onsongo et al., 2018).

Poultry by-product meal (PBM) is one of the most readily available and cost-effective protein sources
produced locally in Malaysia. In 2018, the country recorded the production of approximately 771
million birds, with projections reaching up to 844 million birds, successfully achieving self-sufficiency
in poultry supply for local consumption (DVS, 2019; FLFAM, 2019). PBM, as a rendered animal
protein source, has been widely recognized as a viable alternative to fishmeal due to its lower cost and
relatively high protein content (Hernandez et al., 2010; Ismail et al., 2013). Several studies have
demonstrated that animal-based protein sources such as PBM can effectively support fish growth. For
instance, research on Nile tilapia (Oreochromis niloticus) fed diets containing PBM reported significant
improvements in growth performance (Hernandez et al., 2010; Amm & Aa, 2015).
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Research into fishmeal alternatives continues to gain momentum as a strategic effort to reduce the
economic burden of aquafeed production, promote resource sustainability, and ensure long-term food
security. Identifying effective substitutes not only addresses the limitations of fishmeal supply but also
supports environmentally responsible aquaculture practices by utilizing underused or renewable protein
sources. In selecting suitable alternatives to fishmeal, several important criteria must be considered,
including affordability, consistent availability, nutritional adequacy to support optimal growth, and
compatibility with the physiological needs of the target fish species. Although the potential of BSFL
and other alternative proteins has been widely reported, studies evaluating their combined use with
locally available plant ingredients such as rice bran remain limited. This study investigates the effects
of integrating BSFL and rice bran in fish diets on growth performance, feed utilization, and cost
efficiency, providing novel data relevant to sustainable aquafeed development in tropical aquaculture
systems. Therefore, this study aimed to determine the most suitable alternative protein source among
SBM, BSFL, and PBM as a sustainable substitute for fishmeal in the diet of juvenile 7. tambroides.

Methods
Ethical Statement
This study was approved by the Committee on the Ethics of Animal Experiments, Department of
Fisheries Malaysia (DOF) (Protocol Number: DOF/KAKH/03/2020). This study was carried out in
strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals
of the Department of Fisheries Malaysia.

Experimental Diet

Danish fishmeal (DFM), soybean meal (SBM), Black Soldier Fly (BSF) larvae and poultry by-product
meal (PBM), were purchased from a local company, Nutrivet Sdn Bhd. and were refrigerated at -20 °C
upon arrival at the laboratory. The BSF larvae were dried overnight in the oven at 70 °C and grounded
to powder form. The four experimental diets were formulated using the main ingredients DFM, SBM,
BSF, and PBM. Diet 1 as control diet. All the main ingredients of raw materials were mixed accordingly
with the required materials as described in Table 1. Water was added to the mixture before pellet
processing using a mini pelleting machine (KCM, Y 132M-4 China) to produce a sinking pellet with a
size of 2.0 mm diameter. The produced pellets of each diet were then dried in the oven at 70 °C for 24
hours, properly packed, and later stored in 4 °C.

Table 1. Formulation ingredients in percentage (%) of different protein origin diets used in the diet formulation.

Ingredients (%) DIET 1 DIET 2 DIET 3 DIET 4
(Control)

Danish fishmeal (DFM) 25.4 0.0 0.0 0.0
Soybean meal (SBM) 20.0 66.5 27.8 20.0
Black soldier fly meal (BSFM) 0.0 0.0 50.2 0.0
Poultry by-product meal (PBM) 0.0 0.0 0.0 20.7
Rice bran 26.0 12.0 2.7 33.8
Maize 20.0 20.0 20.0 20.0
Palm oil 2.0 2.0 2.0 2.0
DCP 1.0 1.0 1.0 1.0
Premix vitamin® 0.4 0.4 0.4 0.4
Premix mineral® 0.5 0.5 0.5 0.5
Vitamin C 0.1 0.1 0.1 0.1

DFM: Danish fishmeal; SBM: soybean meal; BSFM: Black soldier fly meal; PBM: poultry by-product meal; DCP:
dicalcium phosphate; Premix vitamin®: vitamin A, 500 IU; vitamin D3, 100 IU; vitamin E, 0.75 mg; vitamin K,

0.02 mg; vitamin B1, 1.0 mg; vitamin B2, 0.5 mg; vitamin B3, 0.3 mg; vitamin B6, 0.2 mg; vitamin B12, 0.001

mg; vitamin C, 0.1 mg; niacin, 0.2 mg; folic acid, 0.1 mg; biotin, 0.235 mg; pantothenic acid, 1.0 mg, inositol, 2.5
mg; Premix mineral®: selenium, 0.2 mg; iron, 8.0 mg; manganese 1.0 mg; zinc, 8.0 mg; copper, 0.15 mg; potassium
chloride, 0.4 mg; magnesium oxide, 0.6 mg; sodium bicarbonate, 1.5 mg; iodine, 1.0 mg; cobalt, 0.25 mg.

25



Journal of Academia Vol. 14, Issue 1 (2026) 23 — 33

Proximate Analysis

The four experimental diets were analysed for their proximate compositions according to the standard
method of Association of Official Analytical Chemist (Chemists & Analysis 2019). Crude lipid was
analysed using petroleum benzene extraction in FOSS Soxtec 2055, while crude protein was determined
by titration with hydrochloric acid after the sample was heated up with potassium sulphate and sulphuric
acid at 420 °C. Moisture and dry matter were measured by drying the sample in the oven at 105 °C for
8 hours. Meanwhile, ash was measured by placing the sample in the furnace at 600 °C for 4 hours.

Experimental Design

The juveniles of 7or tambroides were produced from our own hatchery in Fisheries Research Institute
(FRI) Glami Lemi, Jelebu, Negeri Sembilan, Malaysia. Three hundred and sixty juveniles of 7or
tambroides with mean initial body weight of 34.68 + 0.26 g and total length of 15.06 + 0.04 cm were
randomly selected and reared into outdoor rectangular-shaped cement tanks. Each tank (volume: 5 x 3
x 0.3 m) contained 3000 L water and equipped with closed-aerated recirculating system (flow rate 10
L/min). Water was changed twice a week and the temperature, pH and dissolved oxygen (dO2)
concentrations were maintained at 25 £ 0.05 °C, 72.48 £ 0.01, 9 + 0.04, and 8.02 £ 0.01 mg/L
respectively. Other water parameters monitored include total ammonia, which was kept below 0.18 +
0.04 mg/L and nitrite at 0.006 + 0.001 mg/L.

Feeding Trial

At the start of the experiment, the fish underwent initial acclimation for two weeks and were fed with
commercial diet twice daily. After a two-day fasting period, 30 fish per tank were randomly assigned to
one of four dietary treatments: Diet 1 (control, Danish fishmeal, DFM), Diet 2 (soybean meal; SBM),
Diet 3 (black soldier fly meal; BSFM), and Diet 4 (poultry by-product meal; PBM), each serving as a
replacement for fishmeal. Each diet groups were assigned in triplicates. Fish were fed on their specific
diets twice daily (at 0900 and 1600 H) at the rate of 5 % body weight per day. Thus, the required feeding
was calculated depending on the body weight gained after each sampling.

Growth Performance Analysis

Sampling of physical measurement (body weight (g) and total length (cm)) of the fish was done at the
end of every month. The fish were captured and anaesthetised with clove oil. Meanwhile, three random
fish per tank were sacrificed at the end of the experiment (after 5 months), and their liver were excised
and weighed for the determination of hepatosomatic index (HSI). Growth performance and feed
utilisation were analysed in terms of body weight gain (BWGQG), total length gain (TLG), condition factor
(K), specific growth rate (SGR), feed conversion ratio (FCR), and protein efficiency ratio (PER). The
parameters were calculated as follow:

HSI = (Liver weight (g) / W1) x 100
BWG =WI-W0

TLG =TL1-TLO

K =WI100/L3

SGR =[(InW1 — InWO0) / t] x 100
FCR =Df/ (W1 -WO0)

PER =BWG / Protein consumed (%)

Where W0 = initial weight (g), W1 = final weight (g), TLO = initial total length (cm), TL1 = final total
length (cm), t = experiment time (day), and Df = dry feed (g).

The condition factor was calculated using Fulton's equation where K = condition factor, W = weight
per month (g), and L = length per month (cm).

26



Journal of Academia Vol. 14, Issue 1 (2026) 23 — 33

Statistical analysis

All data were calculated using Statistical Package for Social Sciences (SPSS) software version 21.0
(IBM, New York, USA) and were expressed as mean + standard error of the mean (SEM), unless
otherwise stated. One-way analysis of variance (ANOVA) was used to compare the mean differences
of the dataset between the diet groups. One-way ANOVA was then followed by Tukey’s HSD post hoc
test was used to determine significant differences among dietary treatments (P < 0.05). The differences
were considered significant when P<0.05. Pearson’s correlation coefficient test was used to compare
the association between body weight and total length in each diet and the linear regression relationships
were presented in the scatterplot.

Result
All four diets have similar isonitrogenous (32% crude protein) and isolipidic (10%) contents. Diet 1
contains the lowest dry matter and the highest moisture compositions of 89.54 % and 10.46 %
respectively, while Diet 3 has the highest ash composition (21.31%) among the other diets (Table 2).

Table 2. Proximate nutrient compositions in percentage (%) of different protein origin diets used in the diet

formulation.
Ingredients (%) DIET 1 DIET 2 DIET 3 DIET 4
Crude protein 3544 +£1.77 32.13£1.61 31.75+£1.59 31.93 £1.60
Crude lipid 10.30 £0.52 9.80 +0.49 11.10 £ 0.56 10.10 £ 0.51
Dry matter 89.54 £4.48 91.16 £4.56 91.46 £4.57 92.49 +4.62
Moisture 10.46 £0.52 8.84+0.44 8.54+0.43 7.51 £0.38
Ash 15.79£0.79 7.54 +£0.38 21.31+£1.07 2.62+0.13

Growth performance, feed utilisation, and hepatosomatic index

The results of fish growth, survival rate, condition factor, and hepatosomatic index of 7. tambroides in
response to 5 months feeding trial are presented in Table 3. The survival rate was generally high (95 -
100 %) and no significant differences among diet groups were observed (p>0.05). The mean final body
weight of fish fed with Diet 2, Diet 3, and Diet 4 was significantly lower than the mean final body
weight of fish fed the control diet DFM (p<0.05). However, the data of fish fed with Diet 2 (32.66 +
1.82 g) showed a higher body weight gain than Diet 1 (control) (32.41 £ 1.56 g), although it was not
significant. Meanwhile, the fish fed with Diet 4 showed a significant decrease (p<0.05) in weight gain
when compared to Diet 1 (control). The total length gain of all fish was also not significantly affected
(p>0.05) among the experimental diets. There was no significant difference observed in the condition
factor (p>0.05).

Table 3. Growth performance, feed utilisation, and hepatosomatic index (HSI) of 7. tambroides fed with

different diets'.

Parameters DIET 1 DIET 2 DIET 3 DIET 4
Initial body weight (g) 37.56 +1.26* 36.64 +1.82° 32.71 £ 1.36* 31.78 £ 1.47*
Final body weight (g) 69.98 + 1.59* 69.30 + 1.66* 63.00 = 1.35° 57.32+1.38"
Body weight gain (g) 3241+ 1.56° 32.66 + 1.82° 30.29 + 1.41% 25.54+1.51°
Total length gain (cm) 3.24+0.14* 346+0.18* 340+0.17% 2.95+0.19?
Specific growth rate (%) 0.39 £ 0.02° 0.41 £0.02° 0.42 +£0.02° 0.38 £0.02°
Feed conversion ratio 2.21+£0.04* 2.49+0.11* 244+0.17% 2.82+0.26*
Protein efficiency ratio 0.97 +£0.001* 1.06 +0.001° 1.00 +£ 0.003¢ 0.84 + 0.003¢
Hepatosomatic index 1.03£0.11* 1.14+£0.13* 0.95 +0.09* 1.25+0.29?

"Values are expressed as mean + SEM. Mean values in the same given row with different superscripts are
significantly different (P < 0.05).

The specific growth rate (SGR) of fish fed with Diet 2 and Diet 3 was higher than the control Diet 1 but
no significant differences were observed (p>0.05). The feed conversion ratios (FCR) of the
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experimental diets were lower than Diet 1 without any significant difference (p>0.05). Interestingly, the
Diet 2 group showed the best protein efficiency ratio (PER) reading of 1.06 + 0.001, followed by Diet
3 with 1.00 = 0.003, when compared to Diet 4 (0.97 + 0.001), and they were statistically significant (p<
0.05). Diet 4 on the other hand gave a significantly low PER than the other formulated diets (p<0.05).
Hepatosomatic index (HSI) was calculated based on the ratio of fish liver weight to total body weight,
as an indicator of energy reserved in fish. Although the results obtained no significant differences for
all experimental diets, fish fed with Diet 2 and Diet 4 did show higher HSI values compared to fish fed
with control diet Diet 1 (Table 3).

Correlation between body weight and total length of fish

Pearson’s correlation between body weight and total length of all the diet groups were presented in
scatter plots with the addition of linear regression analysis to ascertain the strength between these two
variables (Figure 1). The body weight and total length in all diet groups showed proportional increments
indicating significant positive linear relationships (p<0.01). Meanwhile, the correlation coefficient of
fish fed with Diet 2 demonstrated the strongest relationship (r = 0.957) between body weight and total
length, followed by Diet 3 (r = 0.938), DFM (r = 0.923), and finally the lowest was Diet 4 (r = 0.867)
(Figure 1).
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Figure 1. Relationship between body weight (g) and total length (cm) of fish fed with four diets. Pearson’s
correlation coefficient test were expressed as ‘r’ for the association between the two variables stated.

Discussion

The crude protein (CP) of the formulated diets was exerted at 31 % to 35 % while crude lipid (CL) was
around 9 % to 11 % (Table 1). Initially, there was a large difference in CP and CL values among the
experimental diets which caused difficulties in formulating the diet ingredients. The formulation needs
to be balanced to achieve isonitrogenous and isolipidic. Thus, the ingredients need to be supported with
other protein sources to achieve the target CP and CL for all diets. Therefore, in this study, soybean
meal was used to help to contribute sufficient protein amount for each diet. In order to avoid bias, each
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diet formulation was standardised to contain 20 % of this same protein source as referred to Ismail et
al., 2013. Soybean is an ideal protein source to complement the diet formulation because it contained
high CP (47.51 %), and low CL (1.5 %). Meanwhile, BSF contained a low CP value of only 31.37 %
but has the highest CL value of 23.78 % compared to the other protein sources. Thus, high inclusion of
soybean and BSF for up to 66.5 % and 50.2 % respectively were included on top of 20 % inclusion of
the same protein materials in the formulation of Diet 2 and Diet 3. On the other hand, proximate analysis
of raw Danish fishmeal and poultry by-product showed a very high CP value of 72.69 % and 82.85 %
respectively, while low in CL value of 5.7 % and 7.7 % respectively. Therefore, less inclusion of Danish
fishmeal and poultry by-product were added into their respective formulations in order to achieve the
targeted nutrient values. However, the present study did not include measurements of amino acid
composition, nutrient digestibility, or digestive enzyme activity, which may limit the mechanistic
interpretation of growth responses among the diet treatments. Future work incorporating these analyses
would help clarify the biochemical basis for observed performance differences and strengthen
conclusions on nutrient utilization efficiency.

Previous studies stated that partial replacement of fishmeal with SBM gave a higher body weight gain
than the zero replacement diet in juvenile Nile tilapia (O. niloticus). The same trend was also shown in
the final total body length of the fish (Ajani et al., 2016). In addition, (Silva-Carrillo et al., 2012) also
reported that the body weight gained by juvenile spotted rose snapper (Lutjanus guttatus) fed with the
diet with an inclusion level of 20 % SBM gave the best result compared with the higher inclusions of
40 % and 60 %, but obtained no significant difference with a control diet. This proved that the diets
with the incorporation of SBM did influence the growth of fish. A study focussing on dietary
phospholipid levels and sources towards growth performance of juvenile 7. tambroides showed that
diets treated with soybean lecithin (2 - 6 %) gave higher body weight gain and SGR values compared
to the control diet (without soybean lecithin) (Mian et al., 2017).

Our study showed that T. tambroides juveniles fed with Diet 3 had increased body weight and total
length over 5 months although not as high as fish fed with Diet 1 (Control) and Diet 2. On the contrary,
(Kamarudin et al., 2021) has reported that the growth of lemon fin barb hybrid fish was significantly
decreased (P <0.05) with the increase of BSF prepupae meal (25 — 100 % inclusion). Meanwhile, there
were no differences in total body weight gain of fish fed at 25 % BSF observed in rainbow trout
(Oncorhynchus mykiss) (St-Hilaire et al., 2007). Other studies have reported that some inclusion levels
of BSF prepupae provided a similar weight gain to that of fish fed fishmeal; 18 % to 36 % (Sealey et
al., 2011) and 15 % (St-Hilaire et al., 2007) inclusion in rainbow trout (O. mykiss), and 33 % inclusion
in juvenile turbot (Scophthalmus maximus) (Kroeckel et al., 2012). The findings suggest that the
utilisation of insects mainly BSF as alternative protein in the fish diet could be possible without
negatively affecting fish growth performance. To date, no studies involving BSF have been reported for
T. tambroides.

Based on the present results, fish fed with Diet 4 did not show much improvement in growth compared
to the other meals. It has the lowest weight gain with 25.54 + 1.51 g which was significant with Diet 1
(Control) and Diet 2 treatments. This data was in agreement with another study done in the same
cyprinid family as 7. tambroides which is juveniles Cyprinus carpio, who obtained the same data as
ours, and concluded that the fish growth was negatively affected by Diet 4 levels (Emre et al., 2003).
Fish fed with Diet 4 showed the least performed growth in SGR, PER, and FCR compared to the other
diet groups. (Webster et al., 2000) also revealed that sunshine bass fed with Diet 4 had no differences
in SGR and FCR than the control diet. On the contrary, (Ismail et al., 2013) reported that a diet with
75 % inclusion of poultry offal meal obtained significantly high SGR and low FCR (p<0.05) than the
fish fed diet with 100 % fishmeal in juvenile 7. tambroides. The fish in their study was reared in indoor
aquaria (65 L) while ours was done in outdoor tanks. This factor may contribute to the differences in
the data obtained, as reported by (Islam, 2002) who studied the comparison between the indoor and
outdoor phase for the growth performance of Tor putitora fed with supplementary diets. The fish in the
outdoor ponds showed better growth performance than the ones put in indoor cement tanks.
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The current study showed that the SGR and PER were higher in the Diet 2 and Diet 3 groups compared
to the control Diet 1 (Control). This finding was in agreement with (Ajani et al., 2016) who have
reported the same results in their 46 % soybean inclusion in the diet of juvenile Nile tilapia (O. niloticus),
but there were no significant differences reported in SGR and PER of fish fed with BSF compared to
control diet (without BSF) in juvenile mirror carp (Xu et al., 2020). High PER suggested that the fish
were able to digest the formulated diets and absorb their nutrients efficiently (Misieng et al., 2011). In
addition, the FCR in the present study was not significantly different among all groups, suggesting that
the experimental diets were palatable for juvenile 7. tambroides.

There is a linear relationship between body weight and length of the fish for all experimented groups as
indicated by the ‘r’ values (Figure 1). Fish fed with Diet 2 demonstrated the strongest relationship (r =
0.957) as the ‘r’ value was the closest to 1. This indicated the healthy well-being of the juveniles as they
were growing in both weight and total length over the feeding period. The condition factor (K) measures
the suitability of the environmental factor for fish growth and is strongly correlated with the length-
weight relationship (Abd Hamid et al., 2015). The mean of the K value in the current study was between
1.02+£0.01 and 1.05 £ 0.02, thus it was considered to be a good condition for the fish. Our data obtained
was similar to other studies reported in 7or species with the condition factor range of 1.07 to 1.14 in T.
tambroides (Wan, 2015) and 0.98 to 1.09 in Tor tor (Saini et al., 2014).

Hepatosomatic index (HSI) was calculated based on the ratio of fish liver weight to total body weight,
as an indicator of energy reserved in the liver. HSI was also referred to as the development of gonad
and has been vastly used alongside gonadosomatic index (GSI) in breeding and vitellogenesis studies.
The HSI obtained in the present study was within the normal range of 0.95 to 1.25 and no significant
difference was observed.

Crude economic analysis showed that Diet 2 is the most cost-effective meal compared to other diets.
The cost of feeding 7. tambroides using Diet 2 can be reduced by up to 47 % compared to the Diet 1
(Control) diet and 55 % compared to the Diet 3 diet for each production per kg fish. This is due to the
raw material cost factor for the protein source from Diet 3 which is currently expensive at around RM
8000 (USD 1900) per MT, while imported fishmeal or Diet 1 (Control) is priced at RM 12,000 (USD
2900) per MT. However, if the price of Diet 3 can be significantly lowered by the manufacturer, then,
it has the potential to be one of the best alternative sources for 7. tambroides diet and replacement of
fish meal. In addition, for the purpose of commercialization, the production of alternative protein
sources must be consistent to meet market demand.

Several factors could influence the present results including fish species, types of protein sources used,
and method of diet processing. In this study, we performed the feeding treatment in juveniles 7.
tambroides. The fish is omnivorous and known to have reduced growth rate as it matures (Ingram et al.,
2007). This species’ natural food comprises fruits, plant parts, insects, prawns, and aquatic invertebrates
(Ingram et al., 2007). Thus, incorporation of different protein origins in the fish diet of this study were
palatable for 7. tambroides.

Conclusion

In conclusion, the current study results showed that SBM and BSFM could be taken as options for
substituting fishmeal in diet formulations. Both of the diets have shown positive improvements in the
growth of T. tambroides juveniles. SBM seems to be a relevant alternative protein source due to its
abundant supply, affordable price, and is highly nutritious. While all of these benefits also apply to
BSFM, the inclusion of SBM in the diet formulation is still needed. Furthermore, a supplementary study
on the digestibility and amino acid profiles in the suggested diet substitution of fishmeal should be
considered.
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