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ABSTRACT

The local plant jack bean has a high nutrient content, but this plant is still underutilized. The high protein and 
carbohydrate content in this plant can be potentially utilized as raw material for fish feed. Thus, this study aims to 
evaluate the utilization of unpeeled jack bean flour as a feed ingredient on the growth of tilapia (Oreochromis sp.). 
The study consisted of four treatments with three replications using a completely randomized design, namely TK0 
(amount of jack bean flour 0%), TK5 (amount of jack bean flour 5%), TK15 (amount of jack bean flour 15%), and 
TK25 (amount of jack bean flour 25%) added to the feed formulation. Tilapia of 15 fish were kept in an aquarium 
measuring 50×50×40 cm3 for 60 days and fed three times a day until apparent satiation. The results showed that 
treatments with inclusions of jack bean flour in feed had a significantly lower growth performance, feed intake, and 
intestine morphometrics compared to control treatment (P<0.05). There is no significant difference between TK5 
and control on feed conversion ratio, protein retention, and survival rate. However, higher inclusion of jack bean 
flour (TK15 & TK25) demonstrates significantly lower value of those parameters compared to control treatment.

Keywords: feed formulation, growth, jack bean, Nile tilapia

ABSTRAK

Tanaman lokal kacang koro pedang memiliki kandungan nutrien yang tinggi, namun tanaman ini masih kurang 
dimanfaatkan. Kandungan protein dan karbohidrat yang tinggi pada tanaman ini dapat berpotensi menjadi bahan 
baku pakan ikan. Penelitian ini bertujuan mengevaluasi pemanfaatan tepung kacang koro pedang dengan kulit 
ari sebagai bahan baku pakan terhadap pertumbuhan ikan nila (Oreochromis sp.). Penelitian terdiri dari empat 
perlakuan dengan tiga kali ulangan menggunakan rancangan acak lengkap yaitu TK0 (jumlah tepung kacang koro 
pedang 0%), TK5 (jumlah tepung kacang koro pedang 5%), TK15 (jumlah tepung kacang koro pedang 15%), 
dan TK25 (jumlah tepung kacang koro pedang 25%) yang ditambahkan pada formulasi pakan. Pemeliharaan 
ikan nila sebanyak 15 ekor dilakukan di akuarium berukuran 50×50×40 cm3 selama 60 hari dan diberi pakan 
tiga kali sehari secara at satiation. Hasil penelitian menunjukkan bahwa perlakuan dengan inklusi kacang koro 
pedang menghasilkan kinerja pertumbuhan, konsumsi pakan, dan nilai morfometris dari usus yang lebih rendah 
dibandingkan dengan perlakuan (P<0,05). Sementara itu, tidak ada perbedaan yang nyata antara perlakuan TK5 
dan kontrol pada parameter konversi pakan, retensi protein, dan kelangsungan hidup, walaupun perlakuan dengan 
inklusi tinggi kacang koro pedang (TK15 & TK25) menunjukkan nilai yang secara signifikan lebih rendah 
dibandingkan dengan perlakuan kontrol.

Kata kunci: formulasi pakan, ikan nila, kacang koro pedang, pertumbuhan 
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INTRODUCTION

Tilapia (Oreochromis sp.) is a leading 
aquaculture commodity, with a total production 
that increasing by 9.86%, from 1,125,149 tonnes 
in 2018 to 1,642,544 tonnes in 2022 (DJPB, 2022). 
The increasing trend of total tilapia production 
should be supported by the availability of 
production inputs in tilapias aquaculture activity. 
One production input that considered to be 
detrimental in tilapia farming is feed (Nurhalisa et 
al., 2022), which is known to account for 50-60% 
of total production costs (Suprayudi et al., 2016). 
Feed has an important role in fish growth, so the 
feed provided must be of good quality (Manurung 
& Mose, 2018). Good quality feed contains 
complete nutrients according to the needs of fish, 
is easily digestible by fish, and does not contain 
substances that are harmful to fish (Yunaidi et al., 
2019). 

The feed manufacturing process still relies 
on the use of soybean meal and pollard as one 
of the sources of raw materials. However, the 
soybean meal used is relatively expensive and 
still imported, so alternative sources of local raw 
materials are needed (Centyana et al., 2014). 
Alternative feed ingredients must fulfill several 
criteria, including continuous and abundant 
availability, appropriate nutrient composition to 
meet fish requirements, and ease to procurement 
(Centyana et al., 2014; Minggawati et al., 2019). 
An alternative local raw material source that can 
be used is jack bean (Canavalia ensiformis), 
which is known to have nutrient content in the 
form of protein and carbohydrates, similar to 
soybean meal. 

Jack bean belongs to the genus Canavalia 
which consists of 48 species of legumes that 
are classified as underutilized (Okomoda et al., 
2016). Jack bean is one of the local plants that can 
be cultivated in tropical areas such as Sumatra, 
Lampung, West Nusa Tenggara, Banten, West 
Java, Central Java, East Java, and Yogyakarta 
with a productivity level of 12-24 tons per year 
(Priharyanto et al., 2022; Pertiwi et al., 2018). 
Odedeji et al. (2020) reported that the nutrient 
content of jack bean flour is 32.02% protein 
content, 5.01% crude fiber, 46.42% carbohydrate, 
4.43% ash content, and 3.80% fat content. Jack 
bean can be utilized in two forms, namely peeled 
and unpeeled. The use of unpeeled jack bean can 
be an option because it produces more flour, costs 
less to process, and the flouring process is faster 
when compared to the use of peeled jack, which 

requires more processing time and produces waste 
in the form of husk (Santosa & Yuliati, 2017).

Several studies related to the utilization of 
jack bean beans in fish feed have been conducted. 
Based on Hidayat (2023), it was found that the 
addition of unpeeled jack bean flour with a ratio 
of 75% commercial feed and 25% unpeeled jack 
bean flour processed by soaking for 24 hours, 
resulted in protein digestibility of 76.37%, fat 
38.13% and carbohydrates 47.67% which was not 
significantly different from commercial feed in 
tilapia. Another study showed that the utilization 
of raw C. ensiformis as much as 5% in catfish feed 
to substituting soybean meal did not affect fish 
growth (Solomon et al., 2017). However, it has 
been reported that the presence of antinutrients in 
sword beans poses an obstacle to their utilization 
(Ojo et al., 2018), that can have a negative impact 
(Arise et al., 2022). Furthermore, research was 
found that by utilizing the processed jack bean in 
the form of roasting to substitute soybean meal by 
5% (Tiamiyu et al., 2016) and 25% which showed 
the most optimal growth in catfish (Michael et al., 
2023). Based on this description, it is necessary 
to conduct research to evaluate inclusion levels 
of soaked and unpeeled jack bean flour as a raw 
material for tilapia feed.

MATERIALS AND METHODS

Experimental design
This research was conducted using an 

experimental method using a complete 
randomized design (CRD) with four feed 
treatments. Each treatment was applied three 
replications. The research data obtained were 
processed using Microsoft Excel 2019 software. 
The treatments involved the use of unpeeled jack 
bean flour as a substitute for soybean meal and 
pollard in the feed composition at inclusion levels 
of 0%, 5%, 15%, and 25%.

Experimental diets
The experimental diet was formulated from 

various raw materials at the Fish Nutrition Feed 
Laboratory, Faculty of Fisheries and Marine 
Science. Unpeeled Jack bean as a raw material 
was soaked for 24 hours and drained with water 
as a process to reduce water-soluble antinutrients. 
After that, unpeeled jack bean was ground into 
puree and proximate test was conducted. The 
proximate test results of jack bean flour are 
presented in Table 1. The treatments in this study 
consisted of adding unpeeled jack bean flour 
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at levels of 0%, 5%, 15%, and 25% to the feed 
formulation as a substitute for soybean meal and 
pollard. 

Feed preparation was carried out by mixing all 
raw materials that had been weighed according to 
the formulation (Table 2). The mixed ingredients 
were then pelleted using a pellet machine to 
produce feed pellets with a diameter of 1 mm. 
The pellets were subsequently dried in an oven at 

60°C for 2 hours. After cooling, the experimental 
feed was placed in plastic container and stored at 
room temperature to maintain its quality. The feed 
was then used for the feeding trial.

Fish maintenance
The experimental fish used in this study were 

red tilapia (Oreochromis sp.) from farmers in 
Ciampea, Bogor Regency, West Java. Prior to the 

Table 1. Proximate analysis results of jack bean flour (Canavalia ensiformis).

Composition
Proximate analysis results (% dry matter)

Protein Lipid Ash Crude fiber NFE1 GE2 (Kcal/kg)
Unpeeled Jack bean 28.49 1.94 4.08 6.62 56.87 4380.70
Peeled Jack bean 36.56 2.46 3.84 0.41 54.49 4528.96

Note: 1Wet nitrogen-free extract (NFE) = 100 (protein + lipid + ash + crude fiber), 2Gross energy (GE) composition 
of dry feed was calculated based on protein = 5.64 kcal/g protein; lipid = 9.44 kcal/g lipid; and carbohydrates or 
NFE = 4.11 kcal/g carbohydrate (Watanabe, 1998).

Table 2. Composition and proximate analysis of experimental diets supplemented with unpeeled jack bean Can-
avalia ensiformis (flour) at different inclusion levels (% dry weight).

Composition (%)
Dietary inclusion levels of Canavalia ensiformis flour

0% 5% 15% 25%

Fish Meal
Poultry Meat Meal
Meat Bone Meal
Soybean Meal
Cassava Flour
Wheat Pollard
Wheat Flour
Jack bean flour with skin
Fish Oil 
Crude Palm Oil
Vitamin Mix
Mineral Mix
Polymethyl carbamide
Lysine
Methionine

5.00
6.00
5.00
26.00
5.00
25.00
23.00
0.00
0.50
2.20
0.15
0.15
1.00
0.50
0.50

5.00
6.00
5.00
24.00
5.00
22.00
23.00
5.00
0.50
2.20
0.15
0.15
1.00
0.50
0.50

5.00
6.00
5.00
20.00
5.00
16.00
23.00
15.00
0.50
2.20
0.15
0.15
1.00
0.50
0.50

5.00
6.00
5.00
16.00
5.00
10.00
23.00
25.00
0.50
2.20
0.15
0.15
1.00
0.50
0.50

Proximate nutrient composition 

Water (%)
Protein (%)
Fat (%)
Ash (%)
Crude fiber (%)
NFE (%)1

GE (kcal/kg)2

C/P (kcal/g)3

11.44
28.80
6.69
7.50
3.41
42.15

4128.80
143.35

12.35
27.80
6.48
6.73
4.26
42.38

4096.71
147.36

11.00
27.07
6.23
9.50
2.66
43.54

4013.85
148.30

10.75
26.98
5.99
6.47
4.49
45.32

4134.49
153.26

Total % 100 100 100 100
Note: 1Wet nitrogen-free extract (NFE) = 100 (protein + lipid + ash + crude fiber), 2Gross energy (GE) composition 
of dry feed was calculated based on protein = 5.64 kcal/g protein; lipid = 9.44 kcal/g lipid; and carbohydrates or 
NFE = 4.11 kcal/g carbohydrate (Watanabe, 1998), 3C/P = calories/protein.
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experiment, the fish were acclimatized for five 
days in an aquarium measuring 1.00×0.50×0.50 
m3 with a water level of 0.40 m (0.2 m3 water 
volume). The fish were then transferred into 
experimental aquariummeasuring 50×50×40 cm3 
with a water level of 30 cm (75 L). Red tilapia used 
for the growth performance test had a body length 
of 4–5 cm and an initial weight of 1.92 ± 0.01 g. 
A total of 15 fish were stocked in each aquarium. 
The rearing water was stored in a reservoir for 24 
hours prior to use to allow sedimentation. After 
stocking, 0.75 g of Elbayou (Ueno Food Techno 
Industry) was added to each aquarium at the 
beginning of the rearing period as a preventive 
measure against bacterial diseases. 

Each aquarium was equipped with aeration 
and a thermostat set at 30°C to maintain water 
quality. Water exchange was carried out every 
three days during the first month and every 
two days thereafter. Fish were fed to apparent 
satiation three times daily at 08:00, 12:00, and 
16:00 throughout the rearing period. Biomass 
measurements were conducted every 30 days 
using a census method. Water quality parameters, 
including temperature and pH, were measured 
twice daily to ensure suitable rearing conditions, 
while dissolved oxygen (DO), nitrite, and total 
ammonia nitrogen (TAN) were measured every 
two weeks, as presented in Table 3.

Chemical analysis
Chemical analyses were conducted on the 

experimental diets and fish samples collected at 
the beginning and end of the rearing period. The 
analyses were performed according to the methods 
of AOAC (2012), including determination of ash, 
moisture, crude fat, crude protein, crude fiber, and 
nitrogen-free extract (NFE) contents. Ash content 
was determined by incinerating samples in a 
furnace at 600°C. Moisture content was analyzed 
by drying samples in an oven at 105–110°C. 
Wet fat content was determined using the Folch 

method, while dry fat content was analyzed using 
the Soxhlet method. 

Protein content was determined using the 
Kjeldahl method, which consists of three stages: 
digestion, distillation, and titration. Crude fiber 
analysis was performed through acid and alkaline 
digestion followed by furnace heating. Nitrogen-
free extract (NFE) content was calculated by 
subtracting the total percentage of other nutrient 
components from 100%.

Experimental parameters
The experimental parameters used in this 

study were final biomass (Bt), final individual 
weight (Wt), feed intake (FI), feed conversion 
ratio (FCR), survival rate (SR), average daily gain 
(ADG), specific growth rate (SGR), fat retention 
(FR), protein retention (PR), and intestinal 
morphometry.

Feed intake 
Feed intake is obtained based on the total 

amount of feed used during the rearing process 
from the beginning of stocking to harvest.

Feed conversion ratio 
Feed conversion ratio (FCR) is defined as the 

amount of feed required to produce 1 kg of fish 
biomass. Feed conversion was calculated by the 
following formula (Goddard, 1996):

Table 3. Water quality measurement results during rearing.

Parameters Unit
Dietary inclusion level of Canavalia ensiformis flour

Reference
TK0 TK5 TK15 TK25

Temperature °C 28.3-30.9 28.8-30.6 28.5-30.8 29.8-30.8 28-311

pH 6.85-7.95 6.58-7.98 6.76-8.26 7.70-7.98 6.5-82

DO mg/L 3.3-4.4 3.0-4.2 3.2-4.4 3.6-4.6 ≥32

TAN mg/L 0.00-0.85 0.03-0.92 0.00-0.60 0.00-0.79 0.25-0.941

Nitrite mg/L 0.27-0.81 0.18-0.69 0.01-0.63 0.02-0.67 <13

Note: 1(Yusuf et al., 2016); 2(SNI, 2009); 3(Deswati et al., 2022).

Note:
FCR	 = Feed conversion ratio
Wt	 = Total fish biomass at the end of rearing 

(g)
W0	 = Total fish biomass at the beginning of 

rearing (g)
Wd	 = Total weight of dead fish during 

rearing (g)
F	 = Total of feed consumed (g)
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Survival rate 
Survival rate was calculated using the 

following formula (Effendie, 2002):

Note:
FR	 = Fat retention (%)
F	 = Total fish fat at the end of rearing (g)

Note:
SR	 = Survival rate (%)
Nt	 = Number of test fish at end of rearing 
N0	 = Number of test fish at the beginning of 

rearing

Average daily gain 
Average daily gain define as the weight gain 

of fish per day. Average daily gain was calculated 
using the formula used by Witoko et al. (2018):

Note:
ADG	 = Average daily gain
Wt	 = Final weight (g)
W0	 = Initial weight (g)
T	 = Observation period (days)

Specific growth rate 
Specific growth rate is the average amount of 

fish weight obtained based on the weighing of 
samples from each treatment carried out. Specific 
growth rate was calculated using the formula 
(Huisman, 1987):

Note:
SGR	 = Specific growth rate
Wt	 = Final weight (g)
W0	 = Initial weight (g)
T	 = Observation period (days)

Fat retention 
Fat retention (FR) is the difference between 

body fat levels at the end and beginning of rearing 
compared to the amount of feed fat consumed by 
fish. Fat retention (FR) was calculated based on 
the formula (Dewi & Tahapari, 2017):

I	 = Total fish fat at the beginning of rearing 
(g)

P	 = Total fat consumed by fish (g)

Protein retention 
Protein retention (RP) is the difference between 

body protein levels at the end and the beginning 
of maintenance compared to the amount of feed 
protein consumed by fish. Protein retention (RP) 
was calculated based on the formula (Dewi & 
Tahapari, 2017):

Note:
PR	 = Protein retention (%)
F	 = Total fish protein at the end of rearing 

(g)
I	 = Total fish protein at the beginning of 

rearing (g)
P	 = Total of protein consumed by fish (g)

Intestinal morphometry
Histological procedures were performed 

according to Kiernan (2015). Midgut tissues 
fixed in neutral buffered formalin for 24 hours 
were dehydrated through a graded alcohol series 
and subsequently cleared with xylene. Samples 
were embedded in paraffin, then tissue samples 
were sectioned and stained with hematoxylin and 
eosin. The tissue sections were observed using 
a light microscope equipped with a camera. 
ImageJ application was used to measure the 
height and width of each villus. Before starting 
the measurement, the scale bar was set at 100 μm 
and ‘straight line selection’ was selected from the 
toolbar. One representative villus with the best 
morphology was selected from each replicate for 
measurement. The dimensions of the selected 
villi were then averaged to obtain the final value. 
The absorptive surface area was calculated using 
the following formula (Mohammady et al., 2021):

Data calculation and analysis
The research data were processed and 

analyzed using Microsoft Excel 2019 and SPSS 
version 26.0. Prior to analysis, the data were 
tested for normality and homogeneity of variance. 
Analysis of variance (ANOVA) was performed at 
a 95% confidence level to determine the effect of 
treatments on the measured parameters. When 
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significant differences were detected, Duncan’s 
multiple range test was subsequently conducted 
to identify differences among treatments.

RESULTS AND DISCUSSION

Result
Growth parameters

The effects of incorporating unpeeled jack bean 
flour into the diets on the growth performance of 
tilapia over a 60-day rearing period are presented 
in Table 4. Analysis of variance (ANOVA) 
revealed significant differences (P<0.05) in 
several growth parameters among treatments. 
The inclusion of unpeeled jack bean flour in the 
feed formulation as a substitute for soybean meal 
and pollard resulted in decreased final biomass 
(Bt), average daily gain (ADG), specific growth 
rate (SGR), survival rate (SR), protein retention 
(PR), and fat retention (FR) as the inclusion level 
increased. In contrast, the feed conversion ratio 
(FCR) increased with higher levels of unpeeled 
jack bean flour inclusion.

Intestinal morphometry
The histological features of tilapia intestine 

after feeding with different amounts of unpeeled 
jack bean flour are presented in Figure 1. The results 
of the calculation of intestinal morphometry of 
tilapia fish fed with feed containing unpeeled jack 
bean flour (TK) at different doses are presented in 

Table 5. The results of villi width measurements 
showed that the control treatment (without TK) 
showed significant different results (P<0.05) 
when compared to other treatments that used the 
addition of unpeeled jack bean flour in feed.

Discussion 
Based on the results of proximate analysis (% 

dry weight), unpeeled jack bean flour (TK) in this 
study contained 28.49% protein, 1.94% fat, 4.08% 
ash, 6.62% crude fiber, and 56.87% NFE (Table 
1). The protein content of unpeeled jack bean 
flour was lower than that of huskless jack bean 
flour, but Aurelia et al. (2019) reported that 1.5 kg 
of jack bean will produce 200 grams of husk, so 
when its utilization without skin increases, it will 
produce a large amount of unused jack bean husk. 
Aurelia et al. (2019) reported that jack bean husk 
contains 4.76% ash, and the crude fiber content 
of jack bean flour increases when the husk is 
included. However, research by Hidayat (2023) 
proved that the digestibility of unpeeled jack bean 
can be utilized as one of the raw materials for feed 
constituents in tilapia. 

Final biomass (Bt) and final individual 
weight (Wt) generally decreased as the amount 
of unpeeled jack bean flour increased in feed. 
The results for the final biomass (Bt) parameter 
showed a significant difference between the 
control treatment (without unpeeled jack bean 
flour) and the TK25 treatment. The control 

Table 4. The results of the growth performance of tilapia, Oreochromis sp. fed with diets containing unpeeled jack 
bean flour (TK) at different inclusion level.

Experimental 
parameters1

Dietary inclusion of Canavalia ensiformis flour
TK0 TK5 TK15 TK25

B0 (g) 28.72 ± 0.10 28.67 ± 0.15 28.82 ± 0.13 28.88 ± 0.03
Bt (g) 148.59 ± 3.10a 79.60 ± 8.16b 13.65 ± 2.11c 12.17 ± 0.40c

W0 (g) 1.91 ± 0.01 1.91 ± 0.01 1.92 ± 0.01 1.93 ± 0.01
Wt (g) 10.64 ± 0.54a 6.46 ± 0.36b 2.57 ± 0.43c 2.50 ± 0.48c

ADG (g/day) 0.15 ± 0.01a 0.07 ± 0.01b 0.01 ± 0.01c 0.01 ± 0.01c

SGR (%/day) 2.86 ± 0.08a 2.03 ± 0.08b 0.47 ± 0.26c 0.41 ± 0.33c

SR (%) 93.33 ± 6.67a 88.89 ± 7.70a 35.55 ± 3.85b 33.33 ± 6.67b

FI (g) 215.52 ± 6.48a 120.08 ± 6.36b 33.41 ± 1.26c 32.91 ± 1.86c

FCR 1.74 ± 0.09a 1.77 ± 0.01a 3.51 ± 0.86b 3.90 ± 0.18b

PR (%) 32.00 ± 2.44a 25.90 ± 1.58a 15.53 ± 4.40b 13.61 ± 4.93b

FR (%) 72.75 ± 5.85a 44.23 ± 2.44b 36.34 ± 6.19b 33.82 ± 6.20b

Note: 1Initial biomass (B0), final biomass (Bt), individual initial weight (W0), individual final weight (Wt), survival 
rate (SR), feed intake (FI), feed conversion ratio (FCR), average daily gain (ADG), specific growth rate (SGR), 
protein retention (PR), and fat retention (FR). 2Different letters in the same row indicate significant differences 
(P<0.05). Values shown are the mean and standard deviation.
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treatment produced a final biomass of 148.59 
± 3.10 g, whereas the TK25 treatment resulted 
in a biomass of 11.89 ± 2.26 g. Similar trends 
were observed for average daily gain (ADG) 
and specific growth rate (SGR), both of which 
decreased as the inclusion level of unpeeled jack 
bean flour in the diet increased.

These results indicate that increasing the 
inclusion level of unpeeled jack bean flour 
significantly reduced the growth performance of 
tilapia. Better growth performance was observed 
in the TK5 treatment compared to the TK15 

and TK25 treatments. Similarly, Olunkule et 
al. (2015) reported that substituting soybean 
meal with jack bean flour resulted in the highest 
weight gain (3.62 g) in catfish fed the control 
diet (0% jack bean seed meal), while weight gain 
decreased with increasing inclusion levels of jack 
bean seed meal, reaching 2.50 g in TD1 (5% jack 
bean seed meal) and the lowest value of 1.49 g 
in TD4 (20% jack bean seed meal). The same 
results were revealed in the study of Solomon et 
al. (2017) that the substitution of soybean meal 
with raw C. ensiformis flour. The highest weight 

Figure 1. Intestinal morphology of tilapia Oreochromis sp. fed diets containing jack bean with skin (TK) at 
different inclusion level (100× magnification). (TK0) jack bean inclusion 0% treatment in feed, (TK5) jack bean 
inclusion 5% treatment in feed, (TK15) jack bean inclusion 15% treatment in feed, (TK25) jack bean inclusion 
25% treatment in feed, VH=Villi height, VW=Villi width.

Table 5. Intestinal morphometry of tilapia Oreochromis sp. after feeding with different doses of jack bean flour 
with skin (TK) for 60 days.

Experimental 
parameters1

Dietary inclusion level of Canavalia ensiformis flour 
TK0 TK5 TK15 TK25

VH (μm) 368.14 ± 7.23a 87.36 ± 9.34b 64.28 ± 2.71c 56.25 ± 3.18c

VW (μm) 83.61 ± 7.53a 42.85 ± 2.12b 41.55 ± 1.05b 38.44 ± 1.84b

IAA (μm2) 30757 ± 2464a 3731 ± 232b 2672 ± 180b 2158 ± 28b

Note: 1Villi height (VH), villi width (VW), and intestinal absorption area (IAA), 2Different letters in the same row 
indicate significant differences (P<0.05). Values shown are the mean and standard deviation. 
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gain was observed in catfish fed the control diet 
(0% Canavalia ensiformis), reaching 3.81 g, and 
decreased with increasing inclusion levels of C. 
ensiformis flour, with weight gains of 3.78 g at 
10% inclusion and the lowest value of 2.69 g at 
40% inclusion.

The SR value in the control treatment (TK0) 
was not significantly different (P<0.05) with TK5, 
but significantly different in the treatments of 
TK15 and TK25. The treatment given affects the 
survival of tilapia. The inclusion of unpeeled jack 
bean flour in the diet at 5% did not significantly 
affect the growth performance or survival rate 
of tilapia. However, inclusion levels of 15% and 
25% negatively affected both growth and survival 
rate. These findings are consistent with the study 
by Tiamiyu et al. (2016) which reported that 
the survival rate of Clarias gariepinus fed diets 
containing different inclusion levels of jack bean 
flour decreased as the inclusion level increased, 
from 64.4% in the control treatment to 20% at the 
20% inclusion level.

The feed intake (FI) values showed a decreasing 
trend with increasing inclusion levels of unpeeled 
jack bean flour, with the TK5 treatment producing 
the best result. However, the TK5 treatment was 
found to be significantly different (P<0.05) from 
the control treatment. This is related to feed 
palatability. Feed palatability is affected by feed 
aroma, and an unappealing aroma may lead to 
reduced feed consumption in fish (Andriani & 
Rostika, 2021). This is similar to the research of 
Tiamiyu et al. (2016) FI of Clarias gariepinus fish 
fed with feed with different inclusion levels of raw 
jack bean flour decreases as the inclusion level of 
jack bean flour increases:control treatment 8.49 g 
and 6.65 g at the 20% inclusion level. 

Similar results were reported by Solomon et al. 
(2017) using the same fish species and treatment, 
where feed intake (FI) in the control treatment 
was 6.24 g and decreased to 5.21 g at the 40% 
inclusion level. The feed conversion ratio (FCR) of 
tilapia in the control treatment (without unpeeled 
jack bean flour) was not significantly different 
from that of the 5% inclusion treatment (P>0.05), 
but differed significantly from the 15% and 25% 
inclusion treatments. According to Shofura et al. 
(2017), feed conversion ratio (FCR) is defined as 
the ratio between the amount of feed consumed 
and the weight gain produced by the fish. Efficient 
feed utilization allows nutrients to be effectively 
converted into fish biomass. Differences in the 
ability of fish to digest and absorb nutrients may 

result in variations in FCR values. A lower FCR 
indicates better feed quality and greater efficiency 
of the fish in utilizing feed for growth (Maryam et 
al., 2019). 

This is in accordance with the study of 
Tiamiyu et al. (2016), the feed conversion ratio 
(FCR) of Clarias gariepinus fed diets containing 
different inclusion levels of raw jack bean flour 
increased as the inclusion level of jack bean flour 
increased, from 6.57 in the control treatment to 
10.63 at the 20% inclusion level and research 
by Solomon et al. (2017) with the same fish 
and treatment, FCR on control treatment was 
2.06 and 2.76 at 40% inclusion level. Protein 
retention shows the percentage ratio between the 
total protein consumed during the rearing period 
and the protein stored in the fish body (Lubis et 
al., 2019). Protein in the fish body functions for 
metabolic processes, repairing damaged cells, 
and supporting growth (Pitri et al., 2021). 

The results showed that the retention value in 
the control treatment (without unpeeled jack bean 
flour) was not significantly different (P>0.05) 
from that in the TK5 treatment, but differed 
significantly (P<0.05) from those in the TK15 
and TK25 treatments. Fat retention describes the 
ability of fish to store and utilize feed fat (Supati 
et al., 2021). The results showed the retention 
value in the control treatment (without TK) 
showed significantly different results (P<0.05) in 
all treatments of TK addition. According to Yanto 
et al. (2019), Low feed intake may reduce the 
amount of carbohydrate-derived energy consumed 
by the fish. As a result, protein and fat are utilized 
as alternative energy sources to meet metabolic 
needs, leading to lower protein retention and fat 
retention values. 

These findings are consistent with the study 
by Purnamasari et al. (2020) which reported that 
reduced feed intake could result in lower protein 
and fat retention. In addition, the presence of 
antinutritional compounds in alternative feed 
ingredients may inhibit nutrient metabolism, 
thereby decreasing protein and fat retention values 
(Kushayadi, 2019; Annisa et al., 2020). Intestinal 
histology in tilapia showed severe changes such as 
reduced submucosal width, shrunken and stunted 
villi. The villi height was significantly shorter as 
the amount of unpeeled jack bean flour in the feed 
increased. Longer intestinal villi were observed 
in the control treatment, followed by the TK5, 
TK15, and TK25 treatments. These findings are 
consistent with the study by Hlophe & Moyo, 



198 Nurul Faoziyatunnisa et al. / Jurnal Akuakultur Indonesia 23 (2), 134–146 (2024)
198 Benediktus AKP et al. / Jurnal Akuakultur Indonesia 25 (2), 190–201 (2026)

which reported that Clarias gariepinus fed diets 
containing higher inclusion levels of moringa 
flour (>50%) exhibited significantly shorter villi. 

According to Da Silva et al. (2012) longer 
intestinal villi in fish indicate greater efficiency 
of nutrient absorption. The size of the villi is 
also closely related to intestinal morphology, 
the larger the size of the villi, the higher the 
absorption area, allowing the intestine to absorb 
and digest nutrients better (Mohammady et al., 
2021). Digestive inefficiency increases due to 
the presence of antinutrients that interfere with 
optimal nutrient absorption (Lepcha et al., 2017). 
This was also reflected in the better growth 
performance observed in the control and TK5 
treatments compared to the other treatments. 
The results of the present study showed that the 
inclusion of unpeeled jack bean flour at a level 
of 5% produced the highest intestinal absorptive 
surface area, which differed significantly from the 
other jack bean treatments. A reduction in villus 
height may decrease the absorptive surface area 
for nutrient uptake, which could also contribute 
to poorer liver condition (Da Silva et al., 2012). 
This phenomenon is known to be related to the 
relatively high sensitivity of the distal intestine to 
antinutrient compounds (Wang et al., 2016). 

This study showed that increasing the inclusion 
level of unpeeled jack bean flour in the diet resulted 
in decreased growth performance of tilapia. 
The reduction in growth performance is likely 
associated with the presence of antinutritional 
compounds in unpeeled jack bean. Pal et al. (2017) 
reported that jack bean husk contains relatively 
high levels of antinutrients; therefore, peeling is 
commonly performed to reduce their presence. 
As mentioned in Utami (2022) and Tiamiyu et 
al. (2016), Jack bean contains antinutrients in the 
form of canavanine, saponins, crude fiber, phytic 
acid, tannins, and cyanide (HCN). The presence 
of antinutrients in legumes limits their use as feed 
ingredients in aquaculture (Meng et al., 2021). 
Soaking jack bean seeds can reduce a substantial 
amount of soluble cyanide through leaching into 
the soaking water, thereby making the processed 
material safer for use as a feed ingredient. 
However, the effectiveness of cyanide reduction 
depends on the type of soaking solution used and 
the duration of soaking (Ramli et al., 2021). 

According to Adam and Hermanto (2024), 
soaking jack bean seeds for 24 hours can reduce 
cyanide content by 33%, decreasing it from 
41.07 mg/kg to 27.64 mg/kg. Canavanine has 
thermostable and toxic properties, the presence 

of thermostable antinutritional compounds may 
lead to reduced growth performance, lethargy, 
and mortality in fish (Okomoda et al., 2016). 
The beans also contain saponins that are toxic or 
inhibit the growth of fish that leading the content 
of antinutrients in the raw material of jack bean 
causes most of the performance growth to decrease 
during treatment. This is in accordance with the 
study of Lestari et al. (2023), where fish fed high 
doses of mahogany seed extract exhibited reduced 
growth performance and eventually mortality due 
to the presence of saponin as an antinutritional 
compound in mahogany seeds. In addition, fish 
lack the phytase enzyme, which limits their ability 
to efficiently utilize feed containing phytate 
(Kosim et al., 2016). 

In addition, tilapia experienced a decrease in 
survival rate in the TK treatment caused by the 
content of antinutrients in the form of cyanide acid 
(HCN). According to Hardy and Kaushik (2021), 
cyanide will reduce its capacity to bind and 
distribute oxygen when absorbed into circulation 
and bind to hemoglobin. The respiration process 
of fish will be disrupted if these conditions persist 
to cause fish stress which is then followed by a 
decrease in appetite to death. Most of the enzyme 
systems in the fish body will be inactivedue to 
the cyanide contained in the feed (Kavasoglu & 
Usyal, 2023). Based on study by Suprayudi et 
al. (2016), tilapia has the ability to adapt to feed 
containing HCN up to 23 mg/kg.

CONCLUSION

The results of this study indicate that the 
inclusion of unpeeled jack bean (Canavalia 
ensiformis) flour in tilapia diets is not 
recommended due to its adverse effects on 
intestinal morphometry and subsequent reduction 
in growth performance.

REFERENCES

Adam M, Hermanto MP. 2024. Pengaruh 
berbagai perlakuan fisik terhadap kandungan 
asam sianida (Hcn) dan nutrien pada biji 
koro pedang (Canavalia ensiformis) [Thesis]. 
Malang (ID): Brawijaya University.

Andriani Y, Rostika R. 2021. Evaluation of the 
use suckermouth catfish meal in artificial feed 
to the performance of catfish (Pangasius sp). 
Journal of Fish Nutrition 1: 20–29. 

Annisa N, Suprayudi MA, Setiawati M, Fauzi IA. 
2020. Evaluation of processed rubber seed 



Nurul Faoziyatunnisa et al. / Jurnal Akuakultur Indonesia 23 (2), 134–146 (2024) 199
Benediktus AKP et al. / Jurnal Akuakultur Indonesia 25 (2), 190–201 (2026) 199

oil Hevea brasiliensis utilization as source in 
Clarias gariepinus feed. Jurnal Akuakultur 
Indonesia 19: 131–141.

[AOAC] Association of Official Analytical 
Chemists. 2012. Official Method of Analysis of 
AOAC International. 19th edition. Washington 
(DC): Gaithersburg Md.

Arise AK, Malomo SA, Cynthia CI, Aliyu NA, 
Arise RO. 2022. Influence of processing 
methods on the antinutrients, morphology and 
in-vitro protein digestibility of jack bean. Food 
Chemistry Advances 1: 100078. 

Aurelia C, Murdiati A, Supriyanto, Ningrum 
A. 2019. Effect of sodium hydroxide and 
sodium hypochlorite on the physicochemical 
characteristics of jack bean skin (Canavalia 
ensiformis). Pakistan Journal of Nutrition 18: 
193–200. 

Centyana E, Cahyoko Y, Agustono A. 2014. 
Substitution of soybean meal with sword bean 
seed meal (Canavalia ensiformis) on growth, 
survival rate and feed efficiency of red Tilapia. 
Jurnal Ilmiah Perikanan dan Kelautan 6: 7–14. 

Da Silva MR, Natali MRM, Hahn NS. 2012. 
Histology of the digestive tract of Satanoperca 
pappaterra (Osteichthyes, Cichlidae). Acta 
Scientiarum Biological Sciences 34: 319–326.

Deswati D, Yani E, Safni S, Tetra ON, Pardi H. 
2022. Development methods in aquaponics 
systems using biofloc to improve water quality 
(ammonia, nitrite, nitrate) and growth of tilapia 
and samhong mustard. International Journal 
of Environmental Analytical Chemistry 102: 
7824–7834.

Dewi RRSPS, Tahapari E. 2017. Pemanfaatan 
probiotik komersial pada pembesaran ikan lele 
(Clarias gariepinus). Jurnal Riset Akuakultur 
12: 275–281. (In Indonesian).

[DJPB] Direktorat Jenderal Perikanan Budidaya. 
2022. Laporan Kinerja Direktorat Jenderal 
Perikanan Budidaya Tahun 2022. Jakarta, 
Indonesia: DJPB. 

Effendie MI. 2002. Fisheries Biology. Yogyakarta, 
Indonesia: Yayasan Pustaka Nusatama.

Goddard S. 1996. Feed management in intensive 
aquaculture. New York, United States: 
Springer New York, NY. 

Hardy RW, Kaushik SJ. 2021. Fish Nutrition 
4th  Edition. California, United States: 
Academic Press.

Hidayat APN. 2023. Evaluasi penambahan tepung 
kacang koro pedang Canavalia ensiformis 
dalam pakan komersial terhadap kecernaan 

ikan nila Oreochromis niloticus [Thesis]. 
Bogor (ID): IPB University. 

Hlophe SN, Moyo NAG. 2014. Replacing fishmeal 
with kikuyu grass and moringa leaves: effects 
on growth, protein digestibility, histological 
and haematological parameters in Clarias 
gariepinus. Turkish Journal of Fisheries and 
Aquatic Sciences 14: 795–806.

Huisman EA. 1987. Prinsip-prinsip produksi ikan. 
University of Malang, Indonesia: Wageningen 
The Netherlands. 170 p.

Kavasoglu M, Uysal K. 2023. Effects of cyanide on 
some enzyme activities and lipid peroxidation 
in some tissues of carp (Cyprinus carpio). 
Journal of Scientific Reports-A 54: 307–321.

Kiernan JA. 2015. Histological and Histochemical 
Methods: Theory and Practice 5th edition. 
England, United Kingdom: Scion Publishing. 

Kosim M, Rachmawati D, Samidjan I. 2016. 
Pengaruh penambahan enzim fitase dalam 
pakan buatan terhadap laju pertumbuhan 
relatif, efisiensi pemanfaatan pakan dan 
kelulushidupan lele sangkuriang (Clarias 
gariepinus). Journal of Aquaculture 
Management and Technology 5: 26–34. (In 
Indonesian).

Kushayadi AG, Suprayudi MA, Jusadi D, Fauzi 
IA. 2019. Evaluation of rubber seed oil as 
lipid source in red tilapia (Oreochromis sp.) 
diet. Aquaculture Research 51: 114–23. 

Lepcha P, Egan AN, Doyle JJ, Sathyanarayana N. 
2017. A review on current status and the future 
prospects (Psophocarpus tetragonolobus) in 
tropical agriculture. Plant Foods for Human 
Nutrition 72: 225–235. 

Lestari S, Putri RE, Prariska D, Guttifera, Rizki 
RR, Suyono, Mulatsih S. 2023. Pengaruh 
ekstrak biji mahoni (Swietenia macrophylla 
King) sebagai saponin alami pada dosis 
pemberian pakan yang berbeda terhadap 
pertumbuhan ikan nila larasati (Oreochromis 
niloticus) tahap pendederan ii sebagai ikan 
pengganggu. Journal Sains dan Teknologi 
Budidaya Perairan 1: 39–63. (In Indonesian).

Lubis RA, Alimuddin, Utomo NBP. 2019. 
Enrichment of recombinant growth hormone 
in diet containing different levels of protein 
enhanced growth and meat quality of striped 
catfish (Pangasionodon hypophthalmus). 
Biotropia 26: 1–8. 

Manurung UN, Mose NI. 2018. Peningkatan 
pertumbuhan dan sintasan hidup ikan 
bawal (Colossoma macropumum) dengan 



200 Nurul Faoziyatunnisa et al. / Jurnal Akuakultur Indonesia 23 (2), 134–146 (2024)
200 Benediktus AKP et al. / Jurnal Akuakultur Indonesia 25 (2), 190–201 (2026)

penambahan ragi roti dalam pakan. Jurnal 
Saintek Lahan Kering 1: 26–27. (In 
Indonesian).

Maryam S, Hastuti S, Rachmawati D. 2019. 
Pengaruh silase cacing tanah (Lumbricus sp.) 
sebagai substitusi tepung ikan dalam pakan 
buatan terhadap pemanfaatan pakan dan 
pertumbuhan ikan bawal air tawar (Colossoma 
macropomum).  Sains Akuakultur Tropis: 
Indonesian Jurnal Sains Akuakultur Tropis 3: 
61–69. (In Indonesian).

Meng Z, Liu Q, Zhang Y, Chen J, Sun Z, Ren C, 
Zhang Z, Cheng X, Huang Y. 2021. Nutritive 
value of faba bean (Vicia faba L.) as a feedstuff 
resource in livestock nutrition: A review. Food 
Science and Nutrition 9: 5244–5262.

Michael KG, Sogbesan OA, Jibrin MT, 
Drambi M. 2023. Growth performance and 
histopathology of Clarias gariepinus fed 
toasted Canavalia ensiformis diet. British 
Journal of Multidisciplinary and Advanced 
Studies: Agriculture 4: 14–32.

Minggawati I, Lukas, Youhandy Y, Mantuh Y, 
Augusta TS. 2019. Utilization of plant apu- 
apu (Pistia stratiotes) for growing maggot 
(Hermetia illucens) as fish feed. Ziraa’ah 44: 
77–82.

Mohammady EY, Soaudy MR, Abdel-Rahman 
A, Abdel-Tawwab M, Hassaan MS. 2021. 
Comparative effects of dietary zinc forms 
on perfomance, immunity, and oxidative 
stress-related gene expression in Nile tilapia, 
Oreochromis niloticus. Aquaculture 532: 
736006. 

Nurhalisa W, Lumbessy SY, Lesteari DP. 2022. 
Digestibility of tilapia (Oreochromis niloticus) 
feed with the addition of gude bean flour 
(Cajanus cajan). Acta Aquatica Aquatic 
Sciences Journal 9: 12–21. 

Odedeji JO, Akande EA, Alade OA, Ayinde LA. 
2020. Effect of autoclaving on proximate 
and anti-nutritional factors of jackbean 
(Canavalia ensiformis L) D.C. flour. Journal 
of Underutilized Legumes 2: 15–23. 

Ojo MA, Ade-Omowaye BIO, Ngoddy PO. 
2018. Processing effects of soaking and 
hydrothermal methods on the components 
and in vitro protein digestibility of Canavalia 
ensiformis. International Food Research 
Journal 25: 720–729. 

OkomodaVT, Tiamiyu LO, Uma SG. 2016. 
Effects of hydrothermal processing on 
nutritional value of Canavalia ensiformis and 
its utilization by Clarias gariepinus (Burchell, 

1822) fingerlings. Aquaculture Reports 3: 
214–219.

Olunkule OA, Oshoke OJ, Idowu OG. 2015. 
Effect of partial replacement of soybean meal 
with jackbean (Canavalia ensiformis) as an 
alternative plant protein in the practical diets 
of cat fish (Clarias gariepinus). Fisheries 
Society of Nigeria 1–5.

Pal RS, Bhartiya A, Yadav P, Kant L, Mishra 
KK, Aditya JP, Pattanayak A. 2017. Effect 
of dehulling, germinitation and cooking on 
nutrients, anti-nutrients, fatty acid composition 
and antioxidant properties in lentil (Lens 
culinaris). Journal of Food Science and 
Technology 54: 909–920. 

Pertiwi SRR, Kusumaningrum I, Khasanah U. 
2018. Formulasi crispy cookies berbahan 
baku tepung kacang koro pedang (Canavalia 
ensiformis) termodifikasi. Jurnal Agroindustri 
Halal 4: 68–78. (In Indonesian).

Pitri RA, Suyanti E, Septayani S, Lokapirnasari 
WP. 2021. The effect Moringa oleifera 
leaf extract and Lactobacillus acidophilus 
supplementation on crude protein and 
crude fat retention in tambaqui, Colossoma 
macropomum. In IOP Conference Series: Earth 
and Environmental Science 679: 012057.

Priharyanto AJC, Swasti YR, Pranata FS. 2022. 
Kualitas bolu kukus substitusi tepung labu 
kuning (Cucurbita moschata) dan tepung 
tempe kacang koro pedang (Canavalia 
ensiformis). Jurnal Teknologi Pertanian 
Andalas 26: 207–221. (In Indonesian).

Purnamasari T, Suprayudi MA, Setiawati M, 
Fauzi IA, Wasjan. 2020. Evaluation of rubber 
seed oil in feed of giant gourami Osphronemus 
gouramy L: Growth performance and oxidative 
stress. Journal of Applied Aquaculture 34: 
314–331.

Ramli NAM, Chen YH, Zin ZM, Abdullah 
MAA, Rusli ND, Zainol MK. 2021. Effect of 
soaking time and fermentation on the nutrient 
and antinutrients composition of Canavalia 
ensiformis (kacang koro). IOP Conference 
Series: Earth and Environmental Science 756: 
1–8.

Santosa H, Yuliati. 2017. Diseminasi Teknologi 
pengupasan kulit ari kacang koro pedang 
(Canavalia Ensiformis) sistem rotary roller 
belt di Desa Marmoyo Kecamatan Kabuh 
Jombang. Prosiding Seminar Nasional 
Pengabdian Kepada Masyarakat 2: 60–66. (In 
Indonesian).

Shofura H, Suminto S, Chilmawati D. 2017. The 



Nurul Faoziyatunnisa et al. / Jurnal Akuakultur Indonesia 23 (2), 134–146 (2024) 201
Benediktus AKP et al. / Jurnal Akuakultur Indonesia 25 (2), 190–201 (2026) 201

effect of addition “Probio-7” on artificial feed 
on the efficiency utilization of feed, growth 
and survival rate of gift tilapia fingerlings 
(Oreochromis niloticus). Sains Akuakultur 
Tropis 1: 10–20. 

[SNI] Standar Nasional Indonesia. 2009. Produksi 
ikan nila (Oreochromis niloticus Bleeker) kelas 
pembesaran di kolam air tenang. https://pesta.
bsn.go.id/produk/detail/8279-sni75502009 
[16 April 2024]. 

Solomon SG, Okomoda VT, Oguche O. 2017. 
Nutritional value of raw Canavalia ensiformis 
and its utiliation as partial replacement for 
soybean meal in the diet of Clarias gariepinus 
(Burchell, 1822) fingerlings. Food Science 
Nutrition 6: 207–213.

Supati MMW, Lumbessy SY, Lestari DP. 2021. 
Pemanfaatan ekstrak ubi jalar ungu (Ipomea 
batatas L.) sebagai sumber prebiotik pakan 
komersil pada ikan mas(Cyprinus carpio). 
Journal of Fish Nutrition 1: 70–80. (In 
Indonesian).

Suprayudi MA, Alim S, Fauzi IA, Ekasari J, 
Setiawati M, Junior MZ, Tacon AG. 2016. 
Evaluation of hydrolysed rubber seed meal 
as a dietary protein source for Nile tilapia 
Oreochromis niloticus L. Aquaculture 
Research 48: 3801–3808.

Tiamiyu LO, Okomoda VT, Akpa P. 2016. 
Nutritional profile of toasted Canavalia 
ensiformis seed and its potential as partially 
replacement for soybean in the diet of Clarias 
gariepinus.  Brazilian Journal of Aquatic 
Science and Technology 20: 12–17.

Utami S. 2022. Pemberian kacang koro pedang 
(Canavalia ensiformis L) hasil fermentasi 

dengan ragi tempe (Rhyzopus oligosporus) 
terhadap performa produksi ayam kampung. 
Jurnal Cakrawala Ilmiah 1: 2625–3640. (In 
Indonesian).

Wang J, Tao Q, Wang Z, Mai K, Xu W, Zhang 
Y, AiQ. 2016. Effects of fish mealreplacement 
by soybean meal with supplementation of 
functional compoundadditives on intestinal 
morphology and microbiome of Japanese 
seabass(Lateolabrax japonicus). Aquaculture 
Research 48: 2186–2197.

Watanabe T. 1998. Fish Nutrition and 
Marineculture. Tokyo, Japan: Kanagawa 
Fisheries Training Center, Japan International 
Cooperation Agency. 

Witoko P, Purbosari N, Noor NM, Hartono DP, 
Barades E, Bokau RJ. 2018. Budidaya udang 
vaname (Litopenaeus vannamei) di keramba 
jaring apung laut. Prosiding Seminar Nasional 
Pengembangan Teknologi Pertanian 410–418. 
(In Indonesian).

Yanto H, Setiadi AE, Kurniasih D. 2019. Pengaruh 
tingkat karbohidrat berbeda dalam pakan 
terhadap kinerja pertumbuhan ikan tengadak 
(Barbonymus schawenfeldii). Jurnal Ruaya 7: 
39–46. (In Indonesian).

Yunaidi Y, Rahmanta AP, Wibowo A. 2019. 
Aplikasi pakan pelet buatan untuk peningkatan 
produktivitas budidaya ikan air tawar di Desa 
Jerukagung Srumbung Magelang. Jurnal 
Pemberdayaan Publikasi Hasil Pengabdian 
Kepada Masyarakat 3: 45–54. (In Indonesian).

Yusuf DH, Supriyadi MA, Jusadi D. 2016. Quality 
improvement of rubber seed meal diet for 
Nile tilapia with amino acid supplementation. 
Jurnal Akuakultur Indonesia 15: 63–69.


