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ABSTRACT  The availability of fish feed has remained an obstacle in the fish cultivation until now. The dependence 
on fish flour, soy flour, the imported cornstarch has not been solved, though the natural resource in Indonesia supports 
the dependence of this raw material availability. This research was conducted by testing the use of the fermented cassava 
flour to substitute cornstarch as the catfish feed, by adding natural drug product, BIOIMUN, which positively affected 
growth, immunity, and production. Research methodology used was the Completely Randomized Design with six 
treatments and three repetitions. Fishes with average weight of 10 g and length of 10 cm were raised in the aquarium 
with dimension of 60x40x40 cm, with the density of 10 fishes per aquarium. The research was conducted for 60 days with 
observation every 14 days. Compositions of cornstarch and cassava flour were P1 (0/200), P2 (100/100), P3 (75/125), P4 
(50/150), P5 (25/175), and P6 (commercial feed), added with BIOIMUN® at 20 ml/kg from the extracts of Solanum ferox 
and Zingiber zerumbet. Feed was given three times at a percentage of 5%. This research showed the result that the best 
growth was in treatment (P3), with 75 g of cornstarch and 125 g of cassava flour (75/125). The highest absolute weight 
gain was in P3 at 132.67 ± 8.33 g. The immunity system testing was in accordance with the result of phytochemical test of 
positive alkaloid, negative flavonoid, and negative steroid. Survival Rate (SR) based on the variance analysis (ANOVA) 
had an insignificant effect (P>0.05) 93.00-100.00%. P3 feed conversion rate was 5.35±0.23. Hematocrit level and total 
erythrocyte with a decent score and total leukocyte increased from P6. Feed proximate test was in accordance with the 
standard. Total bacteria were in the normal range, the contamination test on heavy metal proved no harm against the 
catfishes, and the water quality was normal. In terms of economic analysis, P1-P5 were more affordable than (P6), so that 
it can be concluded that the fermented cassava flour can be used as a replacement of corn by adding BIOIMUN® as the 
catfish feed.
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INTRODUCTION
The role of artificial feed in the fish cultivation is highly 
dominant, particularly in an intensively managed cultiva-
tion. Artificial feed is one of the issues in the field of fish-
ery since its cost is relatively high, at 60-70% of the pro-
duction component, and its availability is limited. Besides 
for meeting the need in a farm, the resulted feed can be 
marketed to other fish farmers (Sahwan, 2003). 

Based on a report from the Ministry of Marine Affairs 
and Fisheries (MMAF, 2022), the development of fish 
feed formulation with local raw materials has started to 
be encouraged for the time being.  Local raw material for 
making feed is a raw material, not in conflict with the allo-
cation of other industries, available throughout the year, 
having good nutrient. Independent feed is very helpful, 
particularly for the breeder at a small scale because the 
cost for purchasing feed is rather high, at 60-70% of total 
production cost. It aims to improve efficiency in the pro-
duction cost through efficiency improvement in the feed 
funding of a fish cultivation business. One of the feed raw 
materials frequently found is cassava (Manihot esculen-
ta). According to Nazriati et al. (2021), this type of com-

modity has a considerable potency to be developed into 
a carbohydrate-based food commodity. The abundance 
of cassava needs to be made use of into a more durable 
product with a higher sale value. One of the efforts which 
can be made is the making of cassava flour.

Some researches showed that biological modification 
(fermentation) can change the characteristic of natural 
flour. Based on the result of a research by Mokoginta et 
al. (2003), it turned out that cassava flour can substitute 
the wheat flour at 50% as an ingredient for making fish 
feed. Cassava flour is a kind of carbohydrate or starch 
substance, from the vegetables. Carbohydrate level in 
fish feed is between 10-50% (Sutikno, 2022). The con-
coction of sour eggplant and fragrant ginger extracts is 
known to have an excellent benefit for goldfish, catfish, 
and tilapia fish. Besides being an anti-bacterial sub-
stance (Hardi et al., 2018a) and immunostimulant (Hardi 
et al., 2018b), it improves growth and survival (Hardi et 
al., 2020).  Sour eggplant and fragrant ginger extracts 
are packaged in Biomun® product with a distribution li-
cense from Ministry of Marine Affairs and Fisheries of 
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the Republic of Indonesia No. D 2112573 HBC, while the 
use has been tested on the freshwater fishes. Additional 
plant extract in the feed is expected to improve quality of 
the feed itself.

Catfish is a species of freshwater fish which is favored 
by the people and has been an icon. This commodity can 
be raised at a high density on a limited (space-saving) 
area in a marginalized region and the efficient use of wa-
ter  Based on these references, a research needs to be 
conducted to identify the use of the fermented cassava 
(Manihot esculenta C.) flour as a substitution of wheat 
flour on the growth of catfish (Clarias gariepinus).

MATERIALS AND METHODS
Juvenile catfish preparation
Juvenile catfishes used were from the fish hatchery 
owned by fish farmer with weight of 10-11 g and length of 
10-12 cm. This research used 300 juvenile catfishes as 
the samples, in which they have passed the acclimatiza-
tion process for 14 days. Acclimatization was carried out 
in the fiber tub with commercial feed given three times a 
day. One aquarium was for 10 fishes or 30 fishes were in 
every treatment. 

Feed Making
Feed was made by substituting cornstarch with the fer-
mented cassava flour and by adding sour eggplant and 
fragrant ginger extracts (BIOIMUN®) (Hardi et al., 2022) 
as the immunostimulant feed supplement. Feed compo-
sition is as follows:

P1: 0 g of cornstarch + 200 g of cassava flour; 
P2: 100 g of cornstarch + 100 g of cassava flour; 
P3: 75 g of cornstarch + 125 g of cassava flour; 
P4: 50 g of cornstarch + 150 g of cassava flour; 
P5: 25 g of cornstarch + 175 g of cassava flour; 
P6: Fishes were fed with commercial feed (F99).

Feeding was carried out three times a day 2 with 5% of 
fish weight/day. Before feed was given to these fishes, 
phytochemical test was conducted first, to identity pro-
tein, carbohydrate, fat, moisture content, ash level, and 
metabolic content from BIOIMUN® addition.

Experiment 
Fishes were raised by giving different feed formulation 
for 60 days with stocking density of 10 fishes per aquar-
ium. To evaluate effectiveness in the use of the ferment-
ed cassava flour and BIOIMUN® as catfish feed which can 
improve growth and immunity, measurement was car-
ried out on survival, growth, and non-specific immunity of 
these fishes.

Survival
Survival Rate (SR) is a comparison of the living fishes 
from beginning to end of research, in which the survival 
can be measured using formula of Wirabakti (2006) as 
follows:

SR, Survival Rate (%); Nt, amount of fishes in the end of 
observation; No, amount of fishes in the beginning of ob-
servation.

Absolute weight gain
Absolute weight gain was calculated using a formula 
based on Zonneveld et al. (1991) as follows:

W, absolute weight (g); Wt, fish weight in the end of obser-
vation (g); Wo, fish weight in the beginning of observation 
(g).

Absolute length growth
Absolute length growth was calculated using a formula 
based on Zonneveld et al. (1991) as follows:

L, Absolute length growth (cm); Lt, fish length in the end 
of observation (cm); Lo, fish length in the beginning of ob-
servation (cm).

Feed conversion
Feed conversion can be calculated using a formula ac-
cording to Tacon (1988) as follows: 

FCR, feed conversion ratio; F, total feed given (g); Wt, fish 
weight in the end of observation (g); Wo, fish weight in the 
beginning of observation (g).

Daily growth rate
Daily growth rate can be identified with calculation using 
a formula of Steffens (1989) as follows:

SGR, specific growth rate; T, fish breeding period (in day) 
; Wo, fish weight on day-0 (g); Wt, fish weight on day-t (g).

Non-specific immunity of fishes
Some parameters observed on the fish immunity were 
total leukocyte, total erythrocyte, hematocrit level, and 
phagocytosis index (Hardi et al., 2018a). 

Water quality
Parameters of the water quality observed every three 
days were temperature, DO, pH, and ammonia.

Statistical analysis
Data obtained from the result of research were statisti-
cally analyzed using the F test variance analysis or Anal-
ysis of Variance (ANOVA) with a level of confidence at 
95%, besides the descriptive analysis in form of table and 
graphic.  Before variance analysis, model fit test was con-
ducted in form of normality test and variance homogene-
ity test. 

RESULTS AND DISCUSSION
Feed proximate test
Fish feed formulation by adding the fermented cassava 
flour and BIOIMUN® can improve feed protein as shown 
in Table 1. Addition of the fermented cassava flour and BI-
OIMUN® at 200 g had higher protein content, compared 
with cornstarch only.
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Table 1. Result of the feed proximate test.

Treat-
ment

Result
Level (%)

Pro-
tein

Fat Car-
bohy-
drate

Crude 
Fiber

Water Ash

P1 56.60 19.10 4.68 0.75 4.76 14.11
P2 55.77 22.75 0.18 1.29 7.11 12.92
P3 55.28 22.28 1.66 1.02 8.42 11.36
P4 55.39 21.11 1.29 0.67 8.44 13.10
P5 55.54 18.52 4.91 0.68 6.81 14.50
P6 56.73 14.01 4.09 0.84 8.61 15.73

Feed phytochemical test
In this research, compounds tested were alkaloid, flavo-
noid, and steroid as shown in Table 2 below.

Table 2. Result of phytochemical test.

Treatment Chemical Composition
Alkaloid Flavonoid Steroid

P1 (+) (-) (-)
P2 (+) (-) (-)
P3 (+) (-) (-)
P4 (+) (-) (-)
P5 (+) (-) (-)
P6 (+) (-) (-)

Survival and growth
Variance analysis (ANOVA) of survival rate, absolute 
weight, daily growth rate, and P6 feed conversion ratio 
had insignificant effect on all treatments (P>0.05), while 
the variance analysis on the absolute length showed that 
P6 treatment had insignificant effect on treatments P1, 

P2, P3, and P5 (P>0.05) and significant effect on treat-
ment P4 (P<0.05). 

Catfish immunity
Parameters of the catfish immunity observed during the 
research included hematocrit level, total erythrocyte, to-
tal leukocyte, phagocytosis activity, and total bacteria.

Heavy metal contamination test
Result of the heavy metal test on the water of breeding 
media is as follows:

Table 5. Result of the heavy metal test.

Treatment Results (mg/L)
Iron (Fe) Copper (Cu) Lead (Pb)

P1 0.042 0.014 0.009
P2 0.036 0.014 0.009
P3 0.071 0.014 0.009
P4 0.039 0.014 0.009
P5 0.082 0.014 0.009
P6 0.056 0.014 0.009

Float test and palatability
Result of the float test and palatability of feed is as fol-
lows:

Table 6. Result of float test and response of fish feed
Treatment Buoyancy (second) Feed response 

(second)
P1 3.33 5.82
P2 3.00 5.68
P3 3.67 3.13
P4 3.67 3.73
P5 4.00 7.38
P6 4.67 3.42

Table 3. Result of observation on survival and growth of catfishes.

Treatment Parameter
SR (%) AW (g) AL (cm) SGR (%/day) FCR

P1(200 g) 100.00±0.00a 92.33±28.29ab 2.97±0.57abc 1.11±0.22ab 2.05±0.32a

P2(100 g) 100.00±0.00a 78.33±9.71a 2.07±0.25a 0.96±0.09b 2.29±0.20a

P3(125 g) 100.00±0.00a 132.67±8.33b 3.43±0.25bc 1.41±0.28b 1.76±0.10a

P4(150 g) 93.33±11.55a 101.33±30.66ab 3.63±0.21c 1.21±0.18ab 2.17±0.70a

P5(175 g) 100.00±0.00a 106.00±18.52ab 3.13±0.68bc 1.20±0.18ab 1.91±0.21a

P6(0 g) 100.00±0.00a 127.00±24.52b 2.53±0.72ab 1.27±0.21ab 2.09±0.27a

Explanation: SR (survival), AW (absolute weight), AL (absolute length), SGR (daily growth rate), and FCR (feed conver-
sion ratio).

Table 4. Result of observation on the catfish immunity.

Treatment
Parameter

He (%) TE (x106 cell/mm3) TL (x106 cell/mm3) PA (%) TB (x105 cfu/ml)

P1(200 g) 23 0.56 36.20 22.64 1.70
P2(100 g) 25 0.59 57.85 31.44 4.00
P3(125 g) 28 1.05 47.70 23.90 2.10
P4(150 g) 30 1.25 56.70 27.23 3.10
P5(175 g) 20 0.45 26.10 17.98 0.21
P6(0 g) 10 0.38 27.90 22.11 0.23

Explanation: He (hematocrit), TE (total erythrocyte), TL (total leukocyte), PA (phagocytosis activities).
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Water quality
Result of the measurement on some parameters of water 
quality for 60 days of breeding is shown in Table 7 below.

Table 7. Results of water quality measurement.
Treatment Tempera-

ture (ºC)
DO 

(mg/L)
pH Ammonia 

(mg/L)
P1 26.63 3.49 7.01 0.41
P2 26.59 3.35 7.02 0.41
P3 26.59 3.73 7.08 0.41
P4 26.65 3.75 7.07 0.42
P5 26.62 3.73 7.04 0.42
P6 26.64 3.97 7.12 0.41

Economic analysis
Estimate of the cost for artificial feed with cassava 
flour, compared with the commercial feed (F99), for a 
fish-breeding period of three months is as follows:

Feed proximate test
Table 1 shows the protein level in feed between 55.28-
56.73%. This result shows that the protein level in feed 
has been capable of meeting the need of catfishes which 
require the protein at 35-45% to live (Sari, 2021).

Based on the research, the proximate test showed fat lev-
el which was quite high, between 14.01-22.75%, while 
catfishes require fat at 4-18% to meet their need.  The fat 
excess in feed can affect the capability of fishes to digest 
and assimilate fatty acid (Ruyter et al., 2000), thus lead-
ing to the decrease in protein absorption and slow growth 
in fishes (Lin & Shiau, 2003).

The need for carbohydrate in every fish is different, while 
the optimum carbohydrate level in omnivorous fishes is 
between 20-40%. Meanwhile, the result of feed proxi-
mate test in this research showed carbohydrate level be-
tween 0.18-4.68%.  Carbohydrate serves as a raw materi-
al for metabolism process, as required in growth, namely 
non-essential amino acids and nucleic acid (NRC, 1993).

Crude fiber in general is from vegetables. The result of 
proximate test analysis in feed showed the crude fiber 
between 0.67-1.29%. Ingerlev (2014) stated that crude 
fiber plays an important role in fishes as prebiotics to 
improve the intestinal microbiota and digestion, absorp-
tion, and assimilation in fishes’ digestive system. 

In terms of feed quality, moisture content must be in ac-
cordance with the need. Moisture content in fish feed is 
between 70-90%, while wet weight of the quality feed has 
moisture content <12%. In the research, moisture con-

tent in feed was between 4.76-8.61%, so that it can be 
said that feed still met the standard (Indonesian National 
Standard, 2006).

Ash in feed belongs to the inorganic component which 
cannot be consumed (Zaenuri et al., 2014). Ash level rep-
resents mineral level in the feed itself, in which ash level 
in this research was between 11.36-15.73%. It showed 
that ash level was above the standard, <12% (Indonesian 
National Standard, 2006).

Feed Phytochemical Test
Phytochemicals can improve several activities, such 
as growth, feed consumption, while acting as tonic 
in immunostimulation, anti-stress, and the improve-
ment of antimicrobial trait in fishes (Citarasu, 2010). 
Based on its chemical structure, phytochemicals in 
principle can be categorized into alkaloid, flavonoid, pig-
ment, phenolates, terpenoid, steroid, and essential oil 
(Chakraborty et al., 2013). In this research, compounds 
tested were alkaloid, flavonoid, and steroid.

Alkaloid is a hetero-cyclic organic compound from plants, 
usually with basic chemical trait, containing nitrogen in 
negative oxidation condition (Hesse, 2002). In this re-
search, reactor used was HCI + Dragendorff, showing al-
kaloid positive (+). Alkaloid positive means that the color 
changes into orange and forms the sediment which is 
orange and even brownish yellow, when the Dragendroff 
reactor is added (Hammado & Illing, 2013). Alkaloid is 
beneficial for improving antioxidant activities, anti-angio-
genesis, and heart health (Chakraborty & Hancz, 2011).

Flavonoid is one of the secondary metabolite classes 
which are the most typical in plant (Cao et al., 1997). 
In this research, reactor used was NaOH 1% + HCl 1%, 
showing flavonoid negative (-), as marked with the color 
change into transparent (Nurmila et al., 2019). Flavo-
noid has been proven as strong antioxidants, capable of 
reducing hydroxyl radical, superoxide anion, lipid perox-
ide radical, having antibacterial, anti-inflammatory, an-
ti-allergic, anti-mutagenic, anti-virus, anti-neoplastic, an-
ti-thrombotic effects, as well as vasodilation (Yao et al., 
2004).

Steroid is the lipid terpenoid known to have four rings of 
carbon base frame united. This research showed steroid 
negative (-), indicating that feed did not have the com-
pounds. Synthetic steroid is usually used for genital ma-
nipulation and to make fishes more fertile. However, be-
cause of its danger potency, the use of phytochemical is 
a potential alternative to be explored (Chakraborty et al., 

Table 8. Cost of catfish feed during the breeding.
Breeding Period for Three Months

Treatment Amount of feed/kg Cost of feed/kg (IDR) Total price (IDR) Difference with 
P6 (IDR)

P1 (200 g/kg) 240 10,820 2,596,800 1,003,200
P2 (100 g/kg) 240 11,820 2,836,800 763,,200
P3 (125 g/kg) 240 11,570 2,776,800 823,200
P4 (150 g/kg) 240 11,320 2,716,800 883,200
P5 (175 g/kg) 240 11,070 2,656,800 943,200
P6 (commercial feed) 240 15,000 3,600,000 0

Explanation: Amount of feed during the breeding period from BBI Bontang.
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2013).

Survival and growth
Survival rate of catfishes in all treatments was between 
93.33-100.00%. This result is in accordance with a re-
search by Olurin et al. (2006), in which the administration 
of cassava flour at a dose of 25-100% had a good surviv-
al rate, between 85.72-100.00%, compared with control 
(0%) at 71.43% in juvenile African catfish. This result is 
still in a decent range, referring to the opinion of Andriyan 
et al. (2018) in which a decent survival rate in fishes is 
averagely between 73.5-86.0%.

Survival is affected by biotic and abiotic factors. Biotic 
factors include age and the capability of fishes to adapt 
with the environment, while the abiotic factors are food 
availability and quality of water as the living media (Sub-
andiyono et al., 2014). Food availability in this research 
was supposedly adequate to meet the need of catfishes 
to survive. Besides, the quality of food was decent to sup-
port the improvement of survival in catfishes. 

Absolute weight gain
Feed is an important aspect because it can affect activi-
ties and growth of fishes, so that the provided feed must 
meet the nutrient standard, with a complete nutrient 
composition. NRC (1993), stated that fish feed is con-
sidered good, not only in terms of its components, but 
also about how much the components in feed can be ab-
sorbed and used by fishes.

Absolute weight gain is the increase of weight in fishes 
during the breeding period. Catfishes raised for 60 days 
had different score, in which the highest score was in 
treatment P3 (125 g/kg) at 132.67±8.33 g, followed with 
treatment P6 (pellet F99) at 127.00±24.52 g, treatment 
P5 (175 g/kg) at 106.00±18.52 g, P4 (150 g/kg), treat-
ment P1 (200 g/kg), while the lowest score was in treat-
ment P2 (100 g/kg). 

Treatment P3 had a score higher than (P6), while treat-
ments P1, P2, P4 showed score not better than control 
treatment (P6), so that cassava flour administration in 
feed can increase absolute weight gain at certain dose. 
It is in accordance with a research by Abu et al. (2021), 
in which cassava flour administration was capable of in-
creasing fish weight at doses of 50%, 75%, and 100%, 
by 39, 32-40, 72 g, but it decreased at a dose of 25% by 
36.07 g, compared with a dose of 0% at 38.75 g in juve-
nile African catfish (Clarias gariepinus).

With cassava flour administration in feed of all treat-
ments, the feed itself cannot provide the weight gain, but 
still capable of meeting the need for catfishes, as proven 
with survival rate reaching 93.33-100%. In this research, 
it was supposedly caused by fat content which was ex-
tremely high, thus leading to the growth disturbance. The 
fat excess in feed can affect the capability of fishes to di-
gest and assimilate fatty acid (Ruyter et al., 2000), thus 
leading to the decrease in protein absorption and slow 
growth in fishes (Lin & Shiau, 2003). 

Absolute length growth
Based on the result of observation, absolute length 
growth in fishes was 2.97±0.57 cm in treatment P1, 
2.07±0.25 cm in treatment P2, 3.43±0.25 cm in treat-

ment P3, 3.63±0.21 cm in treatment P4, 3.13±0.68 cm 
in treatment P5, and 2.53±0.72 cm in treatment P6. 

Treatments P1, P3, P4, and P5 had a better length be-
tween 2.97 and 3.63 cm, but they decreased in P2 by 
2.07 cm, compared with control (P6) with a size of 2.53 
cm. This result was in line with a research by Radampo-
la et al. (2021) stating that cassava flour administration 
with the highest dose (25 g) had a better final length, at 
9.36±0.67 cm, compared with a lower dose adminis-
tration (17 g) at 9.31 ±0.29. Besides, absolute length 
growth which were more prominent in catfishes was 
found in treatment P4 with average length of 3.63±0.21 
cm. This was supposedly caused by the capability of fish-
es to make use of carbohydrate level in feed more opti-
mally. 

Daily growth rate
Growth is the increase of volume and weight at certain 
time (Handajani & Widodo, 2010). Figure 4 shows the 
highest daily growth in treatment P3 at 1.41±0.06 %/
day, followed by treatment P6 at 1.27±0.21 %/day, 
treatment P4 at 1.21±0.28 %/day, treatment P1 at 
1.11±0.22 g/%, while the lowest was in P2 with a val-
ue of 0.96±0.09 %/day. The daily growth rate in treat-
ments P1, P2, P4, P5 was between 0.96-1.21 %/day, in 
which this result was still below control treatment (P6) at 
1.27±0.21 %/day, but a dose of 125 g/kg (P3) had the 
best score at 1.41±0,06 %/day. This result is in line with 
a research by Abu et al. (2010) in which cassava flour ad-
ministration in feed had a value better than the control 
(0%) in hybrid catfish (hetero x Clarias).

Low carbohydrate level caused a non-optimum growth. In 
this research, the non-optimum growth of fishes can be 
caused by the size of catfish at 10-11 cm. According to 
Umar et al. (2007), small fishes will grow relatively fast-
er, while the older ones grow more slowly. Adult fishes eat 
feed, more frequently used for body metabolism. If the 
feed is sufficient only for body maintenance, the weight of 
fishes will remain the same (Halver, 1972).

Feed conversion ratio
Feed conversion was (2.05±0.32) in P1, (2.29±0.20) in 
P2, (1.76±0.10) in P3, (2.17±0.72) in P4, (1.91±0.21) 
in P5, and (2.09±0.27) in P6. A research by Abu et al. 
(2021) showed that cassava flour administration at 
a dose of 100% had the best feed conversion ratio at 
1.19±0.01, compared with a dose of 0% at 1.32±0.04 in 
Dumbo catfish (Clarias gariepinus).

This research had feed conversion ratio/FCR at 1.76 - 
2.29. High FCR value was supposedly caused by low car-
bohydrate level in feed, thus slowing the growth. On the 
contrary, low feed conversion ratio showed optimum ca-
pability of fishes in digesting and absorbing feed provid-
ed during the breeding period, thus optimally converting 
feed into meat (Mardhiana et al., 2017).

Catfish immunity
Hematocrit level
Hematocrit level in all treatments given with cassava 
flour had better score approximately at 20-30%, com-
pared with control (P6) at 10%. It was in line with a re-
search by Bamidele et al. (2018), in which the cassava 
flour administration was capable of increasing hema-
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tocrit level by 31.00% at 25% dose and by 30.00% at 
100% dose, compared with the control treatment (0%) 
with an increase by 26% in Dumbo catfish  (Clarias garie-
pinus). Hematocrit level can be an indicator of stress in 
fish, in which low hematocrit level can indicate that fishes 
suffer from anemia, causing them to stop eating because 
of stress or disease (Taipur & Ikhwanuddin, 2013).

Total erythrocyte
Erythrocyte is red blood cell with the largest amount in the 
blood component structure of fishes. The observation on 
total erythrocyte in catfish fed with cassava flour during 
the breeding period had different values, indicating that 
total erythrocyte in catfish fed with additional cassava 
flour had better score, compared with control (0%). A re-
search by Oliveira et al. (2016) showed that treatment 
with 30% of cassava flour had the best score at 2.32x106 
cell/mm3, while additional 15% dose at (1.96x106 cell/
mm3) and 45% dose at (1.95x106 cell/mm3) were not bet-
ter, compared with control (0%) at  2.11x106 cell/mm3 in 
tambaqui fish (Colossoma macropomum). Low amount 
of erythrocyte is an indicator of anemia, while high 
amount indicated that fishes are in stress (Wedemeyer & 
Yatsuke, 1977).

Total leukocyte
Leukocyte is the only cell having nucleus and organelle, 
without hemoglobin, at 1% of the whole blood volume, 
but it plays an important role in the immunity system (Ak-
ers, 2013). The observation on total leukocyte showed 
the result that the highest value was in treatment P2, fol-
lowed with P4, P3, P6 (commercial feed) at 27.90x104 

cell/mm3, while the lowest was in treatment P5. This 
means that the cassava flour can increase total leuko-
cyte in catfish at certain dose, as supported with a re-
search by Bamidele et al. (2016) in which cassava flour 
administration at a dose of 50% can increase total leu-
kocyte in catfish at 21.20x104 cell/mm3, but the doses 
of 25, 75, and 100% had a lower value, between 15.30 
- 18.80x104 cell/mm3 compared with control (0%) at 
19.60x104 cell/mm3. The increase of leukocyte produc-
tion in catfish showed the response of body resistance 
against the foreign substance causing the disease (Mar-
tin et al., 2004). 

Phagocytosis activities
Phagocytosis activity is the process of phagocytosis cells 
in eating foreign objects or microorganism penetrating 
the body. Table 3 shows the best phagocytosis activities 
in treatment P2 (31.44%), P4 (27.23%), P3 (23.90%), 
P1 (22.64%), P6 (22.11%), while the lowest was P5 
(17.98%). It means that cassava flour administration in 
feed was capable of improving phagocytosis activities in 
catfish, compared with control (P6).

Phagocytosis activity is one of the indicators to determine 
pathogenicity of the phagocytized bacteria (Wulansari, 
2009). Phagocytosis activity identifies the presence of 
bacterial infection. Lower index in phagocytosis activities 
indicates that phagocytic cells work harder to phagocyt-
ize bacteria (Lusiastuti et al., 2013).

Total microbial content test
Total microbe is a parameter showing the amount of 

microbe in a product. Administration of cassava flour at 
different doses in cat fish had different result as shown 
in Table 3. Total bacteria in all treatments were between 
0.21 – 4.00 x105 cfu/ml. This result showed total bac-
teria in normal range. According to National Standardi-
zation Agency (2006), maximum total bacteria is 5 x105 
cfu/ml. Amount of bacteria in fresh fishes is different 
from the non-fresh ones. Body defense system in the liv-
ing fishes can suppress bacteria in the meat, but after the 
mechanism in fish body stops, the bacteria multiply and 
penetrate the meat (Lakollo et al., 2020). The increasing 
microbial activities in fish can cause the change of odor, 
appearance, and texture (Susanto, 2003).

Heavy metal contamination test
Heavy metal is one of the aspects contaminating the wa-
ter, and its existence needs to be aware of. According to 
Supriatno (2009), heavy metal contamination in fresh-
water is easier to occur. Heavy metal contamination is 
from the human activities, whether industrial or house-
hold waste, and the nature (Fardiaz, 1995). 

Iron (Fe) is an essential heavy metal which is highly re-
quired at certain amount by the living organism, but it can 
cause the toxic effect in excessive amount (Supriyanti, 
2015). Result of heavy metal analysis showed iron level 
(Fe) at 0.042 - 0.056 mg/L, meaning that iron (Fe) was 
in good range. Standard of the iron content in clean wa-
ter based on the Regulation of the Ministry of Health of 
the Republic of Indonesia No. 32 Year 2021 is not higher 
than 1 mg/L.

Copper (Cu) is found in water naturally and because of 
the result of human activities (Harteman, 2011). The cop-
per (Cu) test showed the result at 0.014 mg/L, meaning 
that the water was feasible for pisciculture.  High concen-
tration of copper in fish can damage gill, heart, kidney, 
and nervous system in fishes (Palar, 2004).

Table 5 shows the lead (Pb) level in the water of breeding 
media at 0.009 mg/L. This result indicates that Pb level is 
not dangerous for the life of catfish based on the verdict 
of Ministry of Environment No. 51 Year 2004 stating that 
Pb metal allowed is ≤ 0.02 mg/L in the cultivation envi-
ronment and ≤ 0.008 mg/L for biota life.

Float test and palatability
Buoyancy
Buoyancy is a benchmark in determining the feed quality. 
This research showed the buoyancy of fish feed between 
3.00-4.67 second. Fish feed was made submerged in a 
short time because of the density of feed was higher than 
that of water. Mudjiman (2008) stated that the buoyancy 
of feed is related to the density. Higher density in feed, 
compared with water density, means that feed will quick-
ly submerge and vice versa.

Palatability
Palatability is a factor which can determine the consump-
tion level in feed. The feed palatability is determined by 
favour, odor, and color as caused by physical and chem-
ical factors in the feed itself (Parakkasi, 1990). This re-
search showed the response of fishes on feed at 3.13-
7.38. Although the result was rather low, the palatability 
can be considered good, as proven with high consump-
tion and survival at 93.33-100%.
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Water quality
Temperature plays important role in the metabolism pro-
cess, such as growth, food intake, and oxygen solubility in 
water. The result of water temperature observation dur-
ing the research in the breeding media of catfish was be-
tween 26.59-26.65°C. Based on the result of measure-
ment, the temperature was in the normal limit, as stated 
by Fadillah et al. (2019) optimum temperature in catfish 
cultivation is at 26-32°C.

Dissolved oxygen (DO) in the breeding media during the 
research was between 3.35-3.97 mg/L. Based on the re-
sult, DO/dissolved oxygen was below the optimum range, 
in which ideal DO for growth and survival of catfish is 4.4-
4.6 mg/L (Augusta, 2016). However, the DO does not 
interfere with the survival of catfish. It is in accordance 
with a statement from Stickney (2005) in which the dis-
solved oxygen for catfish must not be lower than 3 mg/L, 
as supported with Indonesian National Standard (2014) 
in which minimum requirement of the dissolved oxygen 
for catfish cultivation is 3 mg/L. 

Acidity degree is a measure of the hydrogen ion concen-
tration showing acid or base environment of water. Acidi-
ty degree (pH) in the breeding media during the research 
was between 7.01-7.12. Based on the result, pH was still 
in the normal range based on a statement by Herman-
syah et al.  (2017) in which catfish has the pH tolerance 
level at the range of pH 5.5-7.5. 

Ammonia is a toxic compound which can bring negative 
effect to the health of fishes (Levit, 2010). Ammonia level 
in the breeding media during the research was between 
0.41-0.42 mg/L. This showed that the ammonia level of 
fish was still in the normal range in which the maximum 
limit of ammonia level in cultivation of freshwater, ac-
cording to the Government Regulation No. 82 Year 2001, 
is 0.50 mg/L. High ammonia level can lead to listless, 
sickness, and death in fishes. 

Economic analysis
The role of artificial feed in the fish cultivation is highly 
dominant, particularly in an intensively managed culti-
vation. The process of making feed should be based on 
the consideration of the need for nutrient in fish, quality 
of the raw material, and economic value. 

It takes 3 months or 90 days for raising juvenile fishes, 
until they can be harvested (Suwato et al., 2018). The 
cost for making artificial feed by adding cassava flour 
(P1-P5) was between IDR 10,820 - 11,820 per kg of feed, 
in which this price was more affordable, compared with 
commercial feed (F99) at IDR 15,000/kg. Besides, if 
the amount of feed required in the sowing process until 
harvest is 240 kg, the cost required is IDR 2,596,800 - 
2,836,800 for artificial feed (P1-P5) and IDR 3,600,000 
for commercial feed. Considering the aforementioned 
comparison, it can be identified that the difference of 
margin on the need for feed is IDR 763,200 - 1,003,200. 
Thus, the use of alternative feed is capable of saving pro-
duction cost on feed at approximately 21.56-27.87%

CONCLUSION AND SUGGESTION
Conclusion
The feed for Sangkuriang catfish is made of a formula-

tion of the fermented cassava flour substitution, having 
the phytochemical content namely alkaloid (+), flavo-
noid negative (-), and steroid negative (-) The research on 
some treatments showed that feed can affect the growth 
of catfish, with insignificant effect (P>0.05). In terms of 
immunity, the hematocrit level in all treatments had a 
better score between 20-30%, compared with control 
(P6) at 10%. Besides, the feed can affect survival rate 
(SR) at 93.33-100%. The use of alternative feed was ca-
pable of saving production cost of feed at approximate-
ly 21.56-27.87% Thus, the fermented cassava flour can 
be mixed with the feed for Sangkuriang catfish using the 
right formulation, P3 (125 g/kg).

Suggestion
Based on the conducted research, the suggestion for this 
research is that the water quality must be preserved to 
ensure the survival and to support the fish growth. Be-
sides, the raw material for feed and the process of mak-
ing feed prioritize quality, so that the resulted feed can 
support the growth of fish, without disturbing their health.
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