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ABSTRACT

Cassava peel meal (CPM) has potential as a raw material for fish feed due to its abundant availability and good
nutritional content. The high crude fiber content inhibits the use of CPM as a raw material for fish feed.
Therefore, this study aims to evaluate the effect of Aspergillus niger fermentation of CPM on dietary nutrient
digestibility and growth performance of tilapia (Oreochromis niloticns). It was conducted in 2 stages. The first stage
was a fermentation process of CPM, which used a factorial randomized design consisting of a dose difference
of A. niger, namely 10, 15, 20, 30 g.kg! and a fermentation time of 0, 12, 24 hours with 3 replications each. At a
dose of 1.5% of A. niger during 24 hours of fermentation, the crude fiber content of fermented CPM was
reduced up to 7.19%. the second stage was a 45 days feeding trial on tilapia used a completely randomized
design consisting of 3 different treatments with 3 replications, namely: reference feed, unfermented cassava peal
meal based diet (CPMD), and A. niger fermented CPMD. A. niger fermented CPMD showed an increase in
growth, dry matter, protein, energy, and raw material digestibility, as well as daily growth rate compared to
unfermented CPMD. The daily growth rate of fermented CPMD of 1.32%/day was significantly higher with
P<0.05 than the unfermented CPMD of 0.72%/day. Furthermore, the digestibility value of material test in the
fermented CPMD (48.73%) was significantly higher (P<0.05) than unfermented CPMD (11.74%). These results
indicate that 4. niger fermented CPM has the potential to be used as raw material for tilapia fish feed.

Introduction

feed because of their low price and high availability

Artificial feed is one of the main components in
aquaculture as 50-60% of production costs are
usually used as a feed cost (Nates, 2016). According
to Sunarno e al (2017), in intensive tilapia
cultivation, approximately 70% of the total
production cost is used for feed. Consequently, the
need for artificial feed continues to increase along
with the rising demand for aquaculture commodities
(Suprayudi et al., 2015; Hermawan ef al, 2021). The
availability of feed raw materials such as fish,
soybean, and meat bone meal are still dependent on
imports and the price is increasing in the market
(Mukti ez al, 2019). This dependence needs to be
avoided to reduce the price of artificial feed and
increase profits in fish farming (Hakim ez 2/, 2019).
Local raw materials have been considered as
alternative ingredients in the manufacture of fish
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(Putti et al., 2017; Achmad ez al., 2020).

CPM is one of the potential local raw
materials that can be used as an alternative
ingredient in the manufacture of fish feed. The
Central Statistics Agency, BPS (2017) reported
that cassava production in Indonesia in 2017
reached 19,341,233 tons. Meanwhile, Hermanto
and Fitriani (2019) stated that the waste from
cassava peels was approximately 16%. The
nutritional content in 100 g of CPM includes
4.08% protein, 4.02% fat, 56.06% carbohydrates,
and 27.23% crude fiber (Mirzah and Muis, 20106).
Furthermore, it contains  anti-nutritional
substances, namely cyanide (Stephanie and
Purwadaria, 2013). The high crude fiber content
and the presence of cyanide inhibit the use of
this meal as a raw material for fish feed.
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Fermentation using microorganisms is an
effective approach to reduce the content of
crude fiber and anti-nutrients in fish feed raw
materials (Sun ¢z 2/, 2015). Most anti-nutritional
substances do not directly cause death in fish but
potentially affect physiological processes, by
inhibiting growth and decreasing the immune
system  (Dawood  and  Khosio,  2020).
Fermentation can also increase nutrient
digestibility and protein content in feed (Hassaan
et al., 2018; Yanto et al., 2018; Ardiansyah ef al.,
2018; Anwar ez al., 2020). Mukherjee ez al. (20106)
stated that microorganisms such as bacteria,
yeast, and molds are effective in fermenting feed
raw materials. Moreover, fermentation using
Aspergillus niger reduces the value of crude fiber
and the content of anti-nutrients in fish feed raw
materials (Kanetro ¢ a/l., 2017; Phulia ez al., 2017,
Putra e/ a/l., 2018 and 2019; Mahmood ez al.,
2022).

Tilapia (Oreochromis niloticus) has a high economic
value and has widely cultivated in Indonesia
(Andriani e al., 2018; Putra et al, 2020a). KKP
(2018) reported that annual production of tilapia
was 1.2 million tons and ranked the 2nd largest
position after seaweed. The use of cassava peel meal
fermented by A. nger in the formulation of tilapia
fish feed has been reported by Azwar and Melati
(2012). However, data regarding the effect of
different doses and fermentation time in the process
is unknown. Therefore, this study aims to evaluate
the effect of 4. niger fermentation of CPM on diet
digestibility and growth of tilapia.

Materials and Methods
Making CPM

Cassava peels were obtained from the cassava
chip SMEs production waste in Cipete Village,
Kragilan Sub-district, Serang, Banten. The inner
part was washed and dried in direct sunlight for 2 to
3 days, it was then ground into a CPM.
CPM fermentation test

This stage used a randomized factorial design
consisting of a dose difference of 4. niger, namely
10, 15, 20, 30 g.kg", and a time factor, namely 0, 12,
24 hours with 3 replications each. The fermentation
process began with steaming 3 kg CPM in boiling
water (100 °C) for 30 minutes. Furthermore,
accordingly appropriate dose of _A. niger was
dissolved in 100 mL of distilled water, added to the
meal, and incubated at room temperature (29 °C).
Each replicate was subjected to treatment for 0, 12,
and 24 hours of fermentation. After the

320

Depik Jurnal Ilmu-Ilmu Perairan, Pesisir dan Perikanan
Volume 11, Number 3, Page 319-326

fermentation process was completed, the CPM was
dried in an oven at 60 °C for 10 minutes. The value
of crude fiber for each treatment was measured to
determine the effect of 4. niger fermentation on the
cassava peel meal. Measurement of crude fiber
content was carried out at the Fish Nutrition
Laboratory, IPB University, based on the method
described by AOAC (1999). The combination of A.
niger dose and period of fermentation which
performed best in reducing crude fiber content of
CPM would be used in the next stage.

Feeding and digestibility test on tilapia

A reference diet and two test diet were
formulated (Takeuchi, 1988) which consists of 70%
commercial feed and 30% test material. The
commercial feed used contained 32% protein, 5%
fat, 5% fiber, 10% ash, and 11% water content. It
was ground into a meal, then pelleted and
homogenized with chromium oxide (Cr.O;) as a
digestibility indicator, while tapioca was used as a
binder. The mixing of the test material was carried
out in stages starting from the smallest to the largest
composition, blending all ingredients into a moist
dough by adding some warm water, then the
mixture was peletized on a pellet molding machine
and dried in the sun. A completely randomized
design consisting of 3 different treatments with 3
replications was used, these include reference feed
(A), unfermented CPMD (B), and A wiger
fermented CPMD (C). The test feed formulations
are presented in Table 1.

Tilapia used were monosex males obtained from
Fish Seed Center (BBI) Baros, Serang, with a weight
of 4-5 g/head. They were randomly distributed into
9 aquariums with a density of 15 fish/aquarium, a
dimension of 60 cm x 30 cm x 30 cm and filled with
40 L of water. It was equipped with aeration using a
recirculation system for 45 days, while the fish were
adapted for 7 days by giving the test feed 3 times a
day, namely at 08.00 am, 12.00 pm, and 06.00 pm,
ad libitum. The sample collection was carried out by
siphoning after 1 hour of feeding, feces were
collected in plastic bottles and stored in the
refrigerator (-4 °C) before being analyzed. Water
quality measurements were carried out daily to
assess the temperature parameters at the
beginning and end of fish rearing for pH, DO
(Dissolved Oxygen), and ammonia parameters.
The temperature range in this study was 28.3-30.3
°C, pH 8.16-8.22, DO 5.2-5.8 and ammonia
0.0048-0.006 ppm. Based on Begum ¢7 a/. (2014),
the value of water quality parameters in this study
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is still within the range of water quality values for
tilapia rearing.
Test parameters

At the end of rearing, the collected feed and
feces were analyzed proximately to determine the
nutritional content and calculate the digestibility
value. The dry matter and the nutrient digestibility
values including the protein, fat, and energy were
calculated based on the equation proposed by
Takeuchi (1988). Meanwhile, the digestibility
value of the test material was calculated based on
the equation proposed by Watanabe (1988),
namely:

Dry matter digestibility (%) = 100 x (1-(Cr203
content of feed/Cr,O; content of feces))

Nutrient digestibility (%) = 100 x (1-(Cr.0Os
content of feed/Cr.Os; content of feces) x
(nutrient content of feces/nutrient content of
feed)

Raw material digestibility (%) = digestibility value
of test feed — ((0.7 x digestibility value of test
material) /0.3)

The weight and number of tilapia at the
beginning and end of rearing were calculated to
determine the value of daily growth rate, total
feed consumption, feed conversion, and survival
rate based on the equation proposed by Huisman
(1987), namely:

Total feed consumption (g) = Final feed weight-
initial feed weight

Daily growth rate (%/day) = 100 x (Ln final fish
biomass — Ln initial fish biomass)/45)
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Survival rate (%) = 100 x (final number of
fish/initial number of fish)

Observation of blood parameters were carried
out at the end of fish rearing to determine the
effect of wusing fermented and unfermented
CPMD on the blood parameters of tilapia. The
number of erythrocytes and leukocytes in the
blood was calculated using the method proposed
by Blaxhall and Daisley (1973). Additionally, the
hemoglobin level was calculated based on the
Sahli method (Archana and Arun, 2015) and the
procedure for calculating blood hematocrit levels
referred to the method described by Anderson
and Siwicki (1999).

Chemical analysis

At the end of the rearing, a proximate analysis of
the tilapia feed and feces was carried out at the Fish
Nutrition  Laboratory, IPB  University. The
proximate analysis performed included the value of
protein, fat, crude fiber, ash, and moisture content
according to the method described by AOAC
(1999).

Statistical analysis

All data obtained except for the blood parameter
were analyzed using analysis of variance with a 95%
confidence level. The follow-up test used Duncan's
Multiple Range test with the SPSS 17 program,
while the raw material digestibility test used the t-
test with a 95% confidence level. The blood
parameter value was analyzed descriptively.

Table 1. Formulation of test feed on tilapia rearing (% dry weight).

Feed composition Test Feed (%)
Reference feed Unfermented CPMD  Fermented CPMD
Commercial feed 96.50 66.50 66.50
CPM - 30.00 -
Fermented CPMD - - 30.00
Tapioca meal 3.00 3.00 3.00
Cr203 0.50 0.50 0.50
Total 100.00 100.00 100.00
Proximate composition
Protein 32.63%+0.01 26.12%0.10 30.34%+0.33
Lipid 6.23%0.15 4.65%+0.01 5.20%0.16
Crude fiber 5.35+0.05 9.05+0.71 5.4310.05
NFE* 35.64%0.01 49.561+0.58 43.96%0.58
Energy** 387.35+1.46 393.20+1.84 399.02+1.48
C/PHkx 11.8710.04 15.05+0.12 13.15£0.05

*CPM: Cassava peal meal, CPMD: cassava peal meal-based diet, NFE: Nitrogen —free extract
**Energy: Gross enetgy (kcal/100 g), 1 g protein = 5.6 kcal; lipid= 9.4 kcal, carbohydrate= 4.1 kcal

#0kC/P: ratio of energy pet protein
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Table 2. Crude fiber value of CPM fermented by .A. nzger with different doses and incubation time*

Fermentation time (hours)

A. niger Dose (%)

0 12 24
0 15.06+0.134 15.06+0.13P 15.0640.13¢
A A A
1 9.13+0.35b 7.7610.212 7.7540.27>
B A A
15 12.4140.22¢ 7.56+0.212 7.1940.072
' B A A
5 8.6440.08b 7.5540.50# 6.51£0.15
C B A
3 7.3440.36 7.19£0.15# 6.4510.26
B B A
A. niger Dose p<0.05 p<0.05 p<0.05
Fermentation time p<0.05 p<0.05 p<0.05
Dose”time p<0.05 p<0.05 p<0.05

*Description:

- A completely randomized factorial design consisted of 2 factors, such as A. nzger dose (0, 1, 1.5, 2, 3%) and fermentation time (0,

12, 24 hours).

- Crude fiber values followed by different superscript letters showed a significant value (P<0.05). Superscript letters "A, B, C" are

read horizontally (rows) and letters "a, b, ¢, d" are read vertically (columns).

Table 3. Digestibility and growth performance of tilapia*.

Parameter Treatment
Reference feed Unfermented CPMD Fermented CPMD

Average initial weight (g) 4.57+0.02 4.70+0.01 4.58+0.02

Total feed consumption (g) 127.43+12.63 139.24+5.46 120.27+4.01
Dry matter digestibility (%o) 54.64+1.15b 34.44+47.42a 54.03+8.29b
Protein Digestibility (%o) 74.03+0.63b 63.27+4.992 73.66+6.06P
Fat Digestibility (%o) 81.50+2.63b 76.16+6.62b 51.52+4.01a
Energy digestibility (%o) 50.12+1.43b 26.24+8.862 44.1549.55b
Daily growth rate (%/day) 1.3340.04b 0.7240.042 1.3240.03b
Life sustainability (%o) 91.11+3.85 93.33+6.67 97.78+3.85
Feed efficiency (%) 85.7744.45 63.50+3.92 84.4643.37

*The value shown is the averagetstandard deviation. Different superscript letters in the same line show significantly

different results (P<0.05).

Results
A. niger Fermentation Test on CPM

The results of 4. niger fermentation test with
different doses and times are shown in Table 2. There
was no difference in the crude fiber value of CPMwith
A. niger 0% dose at 0-24 hours of 15.06%. The crude
fiber value of the meal began to decrease at 1%
fermentation dose with a time of 12 hours namely
7.76%. Furthermore, the 1% and 2% .A. wiger
fermentation doses had crude fiber values ranging
between 7.19-12.41% and 6.51-8.64%, respectively.
The value began to stabilize in 3% dose at 0 to 24
hours.
Digestibility test on tilapia

The digestibility test results of CPMD are
shown in Table 3. The results showed no
significant difference (P>0.05) in the value of
total feed consumption, feed efficiency, and
survival rates in all treatments. The highest and
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respectively.

51.52-81.50%
Meanwhile,

found

significantly different dry matter digestibility value
(P<0.05) was found in the reference feed of
and fermented CPMD with 54.03%
compared to the unfermented CPMD of 34.44%.
Furthermore, the highest protein digestibility
value with P<0.05 was found in the reference
feed of 74.03% and fermented CPMD of 73.66%
compared to the unfermented CPMD of 63.27%.
The fat and energy digestibility values ranged
26.24-50.12%,
the largest
significantly different daily growth rate value with
P<0.05 was
(1.33%/day) and fermented CPMD (1.32%/day).
The digestibility values of test material for the
fermented and unfermented CPMD were 48.73%
and 11.74%, respectively as shown in Table 4.
Tilapia blood parameter

reference
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The blood parameter values of tilapia at the
end of rearing are shown in Table 5, the results
showed that the erythrocyte values obtained
ranged from 0.80 to 2.81 x 10° cells/mm,’ while
the leukocytes/white blood cells that function as
body defense amounted to 1.03-1.90 x 10*
cells/mm’. Additionally, the hemoglobin and
hematocrit values ranged from 5.12 to 6.03 g%
and 7.16 to 20.72%, respectively.

Table 4. Digestibility value of cassava peel meal test

material*,
Treatment Raw material
digestibility value (%)
Unfermented CPMD 11.74426.02a

Fermented CPMD 48.73+27.43b

*The value shown is the average+standard deviation. Different
superscript letters in the same column show significantly
different results (P<0.05).

Discussion

The results showed that A. niger fermentation
reduced the crude fiber content of CPM as shown in
Table 2. This is demonstrated by the decrease in fiber
content in the treatment of A. niger doses of 1-3%
with time fermentation of 0-24 hours. In the present
study, the decrease in the crude fiber value of CPM
began at 0 hour. This result might be due to the
different doses of _A. niger in each treatment.
According to Pallinggi ¢/ a/. (2014), the decrease in the
crude fiber value of fermented materials is due to the
digestion by microbes. Putra ¢/ a/ (2021) also stated
that A. niger fermentation led to the breakdown of
indigestible  materials such as cellulose and
hemicellulose into simple sugars. This result is in line
with Shi ¢/ 2/ (2015) who reported that A. niger is a
beneficial microorganism that can reduce the fiber
content of material through the production of fiber-
degrading enzymes during the fermentation process.
Furthermore, Silva ¢ al. (2022) stated that A. nger
mold produced cellulose enzymes that can degrade the
cellulose content in a material, while Reddy e 4/
(2015) found that it can also produce cellulose,
xylanase, and pectinase. This result is in line with
Suharman ¢ a/. (2021) which reported that 4. niger
fermentation reduced the crude fiber content of water
hyacinth as a raw material for the fish feed from
26.47% to 11.93%. Lani e/ al. (2021) also reported the
same results, A. ziger fermentation was able to reduce
crude fiber and increase protein content in sago waste
as ingredient of tilapia feed.

The result show that higher doses of A. niger (2-
3%) were not followed by a decrease in the crude fiber
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value of the meal, indicating that this treatment is the
optimum value for the CPM fermentation process.
Similar results were obtained by Pangestika and Putra
(2020) who reported that the addition of A. niger of 8
g/kg dried feed in the fermentation process of wheat
bran was not followed by a decrease in crude fiber
value. Andriani ¢/ a/. (2021) also stated that incubation
time is one of the factors that affect the effectiveness
of the fermentation process by microorganisms.

According to Gatlin (2010), the crude fiber content
in fish feed should be less than 10% to minimize feed
waste that can reduce the water quality of the rearing
media, while Kamarudin ¢ a/. (2018) recommends that
a tropical carp, as herbivorous fish colud tolerate up to
10% of dietary fiber. In this study, the highest decrease
in crude fiber value of CPM was found in dose of 3%
A. niger at 24 hours of 57.17% (from 15.06% to
0.45%), followed by dose of 2% _A. niger at 24 hours of
56.77% (from 15.06% to 6.51%), and dose of 1.5% 4.
niger at 24 hours of 52.26% (from 15.06% to 7.19%).
There was no significant decrease (P>0.05) in the
crude fiber value of CPM at dose above of 1.5% and
fermentation time of 24 hours. Therefore, A. niger
dose of 1.5% with a fermentation time of 24 hours
was used as the best treatment for further
investigations.

Total feed consumption is a parameter that
describes the amount of feed that can be consumed by
fish. Based on the results in Table 3, there was no
significant  difference  (P>0.05) in total feed
consumption between treatments. This indicates that
both fermented and unfermented CPM does not
interfere with the appetite of tilapia. Similar results
were found by Putra ¢/ @/ (2018) on rearing tilapia
using Moringa leaf-based feed. Putra ¢z 2/ (2021) also
stated that there was no difference in the feed
consumption between the A. niger unfermented and
fermented rice bran-based feed by 4. nzger.

The dry matter, protein, and energy digestibility
values in the fermented CPMD were significantly
higher than the unfermented CPMD. This is
presumably due to the role of A. mger fermentation
which breaks down crude fiber and nutrients
contained in the feed, thereby making it easier for fish
to digest. 4. niger could produce phytase enzymes
(Mahmood ez al., 2022), amylase enzymes (Pangestika
and Putra, 2020), protease enzymes (Oui ¢/ o/, 2021)
and cellulase enzymes (Koedrang and Charoendat,
2020) with a role in the process of feed digestion.
Anwar ef al. (2020) also reported that 4. niger generates
many enzymes, such as amylase, cellulose, xylanase
and protease. However, we have not investigated the
enzymes activity produced by .. nzgerin this study.
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Table 5. The number of erythrocytes, leukocytes, hemoglobin, and hematocrit levels in tilapia.

Blood parameter Treatment
Reference feed Unfermented CPMD Fermented CPMD
Erythrocytes (105 sel/mmb3) 1.30£0.04 2.8110.45 0.80%0.11
Leukocytes (104 sel/mm?3) 1.03%0.25 1.90%0.04 1.61x0.06
Hemoglobin (g%) 5.331+0.49 5.12%+0.13 6.0310.06
Hematocrit (%) 20.72%3.99 17.79£1.35 7.16+5.47

Similar results were obtained by Pallinggi e /.
(2014) who reported that the digestibility of protein
and fat in A. niger fermented copra meal-based feed
were significantly higher than the unfermented one
in milkfish rearing. Putra ¢/ 2/ (2021) also obtained
the same results, where the A. niger fermented rice
bran-based feed had higher dry matter digestibility
and energy value (P<0.05) in tilapia compared to
the unfermented feed.

The high dry matter, protein, and energy
digestibility in the fermented CPMD were directly
proportional to the daily growth rate. According to
NRC (2011), high feed digestibility increases the
availability of nutrients that can be used by fish for
energy and growth. The results showed that the
daily growth rate of fermented CPMD was
significantly higher than the unfermented CPMD.
This is in line with Putra ¢/ 2/ (2018) which stated
that A. niger fermented moringa leaves as a raw
material for tilapia fish feed showed a higher daily
growth rate than the unfermented. Moreover, there
was no difference in the survival rate between
treatments. Based on the results, the use of CPM as
a raw material for feed does not affect the
physiological processes in the body of tilapia.
Similar results have been obtained in previous
studies which reported that 4. #iger fermentation in
feed material did not affect the survival rate of test
fish, including Labeo rohita (Shamna et al., 2015),
Penaeuns vannamei Boone, 1931 (Jannathulla e/ al,
2018a; Jannathulla ef @/, 2018b; Dayal ez al., 2020),
catfish (Raudah ¢ 4/, 2018), Asian seabass
(Koedrang and Charoendat, 2020), common carp
(Anwar et al., 2020), and tilapia (Lani ez 2/, 2021).

The digestibility value of the test material
indicates the percentage of the material that can be
digested by fish (Putra ¢ 2/, 2020b). Based on Table
4, the digestibility value of test material in fermented
CPMD  was significantly higher than the
unfermented CPMD. This shows that fermented
CPM with A. mger at a dose of 1.5% and a
fermentation time of 24 hours has the potential to
be used as raw material for tilapia fish feed. A
previous study also found that the digestibility of 4.
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niger fermented rice bran feed was higher than the
unfermented (Putra ¢/ al., 2021).

Blood parameters are part of the haematological
parameters  which  describe the effect of
environment, nutrition, water quality, stress and
pathogen on fish (IFazio, 2019; Witeska ¢z a/., 2022).
Erythrocytes are the blood cells with the highest
number in the body of fish that function to circulate
nutrients and oxygen to all body cells. According to
Bittencourt ez a/ (2003), the normal erythrocyte
count in fish is 0.7-28 x 10° cells/mm?’. The results
showed that the erythrocyte values in tilapia ranged
from 0.80 to 2.81 x 10° cells/mm’ indicating that
the value in this study was within the normal range
of fish erythrocyte. Furthermore, the leukocyte
values were within the normal range. Leukocytes are
a form of a specific immune system for fish and the
normal value ranges from 10,000-50,000 cells/mm’
(Osman ¢f al., 2018). The result showed that the use
of CPM as raw material did not affect erythrocyte
and leukocytes of tilapia. Similar results were
reported by Hosseini & Khajepour (2013), the use
of soybean meal in the feed has no effect on
erythrocyte and leukocyte of juvenile of beluga,
Huso huso.

According to FEsmaeili (2021), the normal range
value of fish hemoglobin and hematocrit are 2.6-
19.9 ¢% and 9.89-58.00 %. This implies that the
hemoglobin and hematocrit value of tilapia in this
study was within the normal range. The hematocrit
value was 7.16-20.72% and is within the normal
range. A. nzger fermentation in CPM as ingredient
feed has no negative effect on blood parameters of
tilapia which were within the normal range. This
result was in line with the results of Putra ¢ al
(2019), the utilization of fermented lamtoro leave
meal in the diet has no impact on the blood
parameters of catfish.

Conclusion

The fermentation by 4. niger degraded the fiber
content in cassava peel meal, with the 1.5% dose
and a fermentation time of 24 hours reducing the
value of crude fiber up to 7.19%. The dry matter,
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protein, and energy digestibility, as well as daily
growth rate, were also increased by the fermentation
process with no negative impact on the survival rate
and blood parameters. Therefore, CPM fermented
by A. niger has potential as a raw material for tilapia
feed. However, future research on evaluating
mechanism and typer of enzyme that can be
produced by A. niger fermentation should be carried
out to confirm the role A. niger fermentation in fish
feed raw materials.
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