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Abstract

Single-cell proteins have a potential source for partial replacement of protein and lipids in animal feed. Also, using
microorganisms in fish feed enhanced feed efficiency, growth performance, and disease resistance. The purpose of this study
is to see if combining several microorganisms (Azotobacter chroococcum, Chlamydomonas reinhardtii, and baker's yeast)
with sugarcane by-products may produce a low-cost fish feed formulation. A total of twelve treatments were completed
(consisting of various microbial biomass combined with sugarcane by-products, and integrated with commercial fish feed in
different levels, 0, 25, 50, 75, and 100 % w.w!). Nile tilapia (Oreochromis niloticus) were evaluated for growth
performance, proximate composition, and histopathological examination. Results showed that using low amounts of the
experimented formulations (25% and not more than 50% w.w™!) increased fish productivity (weight gain and specific growth
rate) and proximate compositions of fish without putting fish at risk. On the other hand, using higher levels from the
combined diet (75, 100%) caused fish mortality. Although all the fish experimental treatments showed normal histological
structure, the mortality of fish may be due to a lack of nutrients. In conclusion, this study is important for both the
environment and the economy. More research is needed to extend the safe application of this study in aquaculture through
the evaluation of fish in the field and for prolonged viability.

Keywords: Fish fodder, Sugarcane by-products, Oreochromis niloticus, Azotobacter chroococcum, Chlamydomonas reinhardtii, and

baker's yeast.

1. Introduction

Aquaculture has become an important economic
activity, particularly in developing countries (such as
Egypt), to manage the shortage of protein food supplies
(Gutierrez-Wing and Malone, 2006). Many factors limit
aquaculture's expansion, including rising artificial feed
prices due to the use of artificial substrates (organic and
inorganic) and expensive protein sources (Delgado et al.,
2003). Therefore, many researchers have used alternative
and complementary ingredients in feed formulations to
reduce feed costs such as mango residue meal (Lima et al.,
2011), cassava sweep (Boscolo et al., 2002), Pizzeria by-
product (De Sousa et al., 2019), and fenugreek seeds to
improve the growth and immunity parameters in the O.
niloticus (Abbas et al., 2019).

In a world where sugarcane industries remain one of
the most popular agricultural industries, reusing sugarcane
industrial by-products in aquaculture is critical. In Egypt,
Egyptian sugar and integrated industries are considered the
oldest and widespread industries. Actually, there are eight
sugar factories distributed throughout the country from
north to south, such as Abu Kerkas at Minya governorate,
Gerga at Sohag governorate, Naga Hammadi, Deshna,
Kous and Arment at Qena governorate, Edfu and Kom

Ombo at Aswan governorate. The main product of these
companies is sugar, and there are other related products
such as ethanol, vinegar, glacial acetic acid, fodder yeast,
solvents, animal feed, paper, and wood. In Egypt, Sugar
factories operate intensively around six months from
December to June in juicing, refining and sugar
crystallization. During the other six months, the plants
convert bagasse into wooden boards. The main by-
products are bagasse, press mud (filter mud or clay
industry), molasses, fly ash (produced during the burning
of bagasse and causing air pollution), and wastewater
effluent (discharged through the drainage pipe into a
channel that finally reaches the Nile). Estimated amounts
of by-products from sugarcane are 31% bagasse, 3.5%
pressed clay (mud) and 4.5% molasses. According to
Egyptian cultivated sugarcane, there are three million tons
of bagasse, 316 thousand tons of filter mud and 370
thousand tons of molasses are generated annually (Nakhla
and El Haggar, 2014). In fact, these by-products are used
for different purposes; molasses is used in fermentation
processes to produce fodder yeast, carbon dioxide, alcohol,
vinegar, perfumes and medical solutions (Ryoheiet al.,
2003; Fadel et al., 2013). In addition molasses, press mud
and bagasse are used as a fertilizer in agriculture (Bento et
al., 2019) and aquaculture (Keshavanath and Shivanna,
2006; Raul et al., 2020).
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In addition, beneficial microorganisms serve a variety
of roles in aquaculture productivity. They can be
consumed directly or indirectly as food (Duncan and
Moriarty, 1997), and they may help fish with their
enzymatic digestion (Burford et al., 2008). Microbes may
also break down organic materials and transform
nitrogenous compounds into microbial protein (Mishra et
al., 2008). Furthermore, some microorganisms can
enhance the immune response of fish, such as Azotobacter
chroococcum (Ali et al., 2011) and Saccharomyces
cerevisiae (Tukmechi et al., 2011; Abdel-Tawwab et al.,
2020).

This study looks into the possibilities of making low-
cost fish fodders by combining sugarcane industrial by-
products with microbes, and the possibility of substituting
a portion of the commercial diet. Consequently, this study
aims to reduce both the environmental and economic
problems of sugarcane and aquaculture industries.

2. Materials and Methods

2.1. Collection and chemical analysis of the sugarcane
industry by-products

The Egyptian Sugar and Integrated Industries
Company, Kom Ombo, Aswan, Egypt, provided the
industrial waste, where all samples were obtained from
inside the factory except wastewater effluent collected
from the drainage tube. Pith was kept at room temperature,
and industrial clay (press mud) was air-dried for 2-3 days
before being packed and maintained at room temperature;
molasses was kept in the refrigerator, and wastewater
effluent was kept frozen. Chemical analyses for pith and
press mud are presented in Table (1), where electrical
conductivity (EC), pH, and total dissolved solids (TDS)
were measured using CRISON multimeter (MM40+).
Organic Carbon was determined using the method of
Walkley-Black (Walkley, 1982). Nitrogen and ash content
were determined according to the Association of Official
Analytical Chemists, AOAC, (1995). Colorimetric
methods were used to determine phosphorus (APHA,
1998). Heavy metals were determined using atomic
absorption spectrometry (Perkin-Elmer 3110, USA)
(APHA, 1998).

Table 1. Chemical composition of sugarcane solid wastes (pith
and press mud)

Parameters Pith Press mud
pH 5.52 5.63
EC (dSm™) 390 2910
Total dissolved solids (mgl™") 250 1867
Moisture (%) 5.5 73.6
Total solids (%) 94.5 26.4
Ash (%) 6.4 4.9
Organic carbon (%) 20.7 9.5
Nitrogen (%) 33 4.2
Phosphorus (%) 1.0 1.4
Mn (ppm) 18.6 139.2
Zn (ppm) 345 65.4
Cu (ppm) 0.8 30.3
Fe (ppm) 460.5 627.3

2.2. Tested microorganisms

Three microorganisms were used: Azotobacter

chroococcum isolated from the beach of Lake Nasser,
microalgae Chlamydomonas reinhardtii isolated from soil
sample collected from industrial zones of 6™ October City
and Baker's yeast obtained from an Egyptian market an
accessible source of Saccharomyces cervaicae.

2.3. Fish experimental diets (preparation, composition
and treatments)

Experimental diets (treatments) consisted of microbial
biomass integrated with sugarcane by-products and mixed
with commercial diet. Table (2) shows the experimental
diets. The highest microbial biomass was obtained using
batch culture technique. And culture media were prepared
using sugarcane industrial wastewater effluent amendment
with molasses and/or press mud as described in Ali et al.
(2022). Briefly, C. reinhardtii was grown in the sugarcane
wastewater effluent amendment with 1% molasses and
0.5% clay factor, C. reinhardtii batch culture were
incubated at room temperature (30-32°C) under continuous
fluorescent light for 96 hours. A. chroococcum was grown
in sugarcane wastewater effluent amendment with 1%
molasses, 1% press mud and 0.5gl! CaCOs, A.
chroococcum batch culture were incubated in a rotary
shaker of 100 rpm at 35 + 2°C for 72 hours. Baker's yeast
was grown in sugarcane wastewater effluent amendment
with 5% molasses, baker's yeast batch culture were
incubated in a rotary shaker of 100 rpm at 32 + 2°C for 48
hours (Fig. 1A). After that, microbial biomass was mixed
with sugarcane solid wastes (equal proportion of pith and
dehydrated press mud was mixed well (Fig. 1B));
microbial cultures were added as 5 ml to each gram of the
mixed sugarcane solid wastes, and mixed well (Fig.1C), to
produce three basic mixtures. Mixture (1): containing only
A. chroococcum integrated with sugarcane by-products
(Azotobacter-integrated);  mixture  (2):  containing
microbial mix (A. chroococcum, C. reinhardtii and baker's
yeast) integrated with sugarcane by-products (microbial
mix integrated), and mixture (3): containing only
sugarcane byproducts (only sugarcane byproducts).
Microorganisms are estimated at about 107Azotobacter
cells/g, 0.003 mg algal mass/g and 0.005 mg yeast mass/g.
Then, each of the three previous mixtures was dried at
room temperature (30-35°C) for 48 hours. Following that,
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each of the three dried previous mixtures was combined
with a commercial diet in different percentage (0, 25, 50,

composition of the different experimental treatments is
shown in Table (3).

75 and 100 % w.w'') as shown in Table (2). Proximate

Table 2. Treatment description for experimental diets.

Treatments

Treatment description

Control

100% commercial diet

Diets containing A.chroococcum integrated with sugarcane by-products (Azotobacter-integrated)

25 % Azotobacter-integrated
50 % Azotobacter-integrated
75 % Azotobacter-integrated
100 % Azotobacter-integrated

25 % microbial mix-integrated
50 % microbial mix-integrated
75 % microbial mix-integrated
100 % microbial mix-integrated
Diets containing only sugarcane b
25 % only sugarcane by-products
50 % only sugarcane by-products
75 % only sugarcane by-products

100 % only sugarcane by-products

Diets containing microbial mix integrated with sugarcane by-products (microbial mix-integrated

roducts (only sugarcane b

Diet containing 25 % Azotobacter-integrated and 75% commercial diet.
Diet containing 50 % Azotobacter-integrated and 50 % commercial diet.
Diet containing 75 % Azotobacter-integrated and 25% commercial diet.

Diet containing 100 % Azotobacter-integrated.

Diet containing 25 % microbial mix-integrated and 75% commercial diet.
Diet containing 50 % microbial mix-integrated and 50% commercial diet.
Diet containing 75 % microbial mix-integrated and 25% commercial diet.
Diet containing 100 % microbial mix-integrated

roducts

Diet containing 25 % only sugarcane by-products and 75% commercial diet.
Diet containing 50 % only sugarcane by-products and 50% commercial diet.
Diet containing 75 % only sugarcane by-products and 25% commercial diet.

Diet containing 100 % only sugarcane by-products.

Table 3. Proximate composition for different experimental treatments

Treatments CP% EE% Ash %
Control 24.85 11.95 7.97
25 % Azotobacter-integrated 21.42 10.90 11.74
50 % Azotobacter-integrated 17.99 9.85 15.50
75 % Azotobacter-integrated 14.56 8.80 19.27
100 % Azotobacter-integrated 11.13 7.75 23.03
25 % microbial mix-integrated 21.55 10.81 11.64
50 % microbial mix-integrated 18.25 9.67 15.31
75 % microbial mix-integrated 14.95 8.52 18.97
100 % microbial mix-integrated 11.65 7.38 22.64
25 % only sugarcane by-products 21.26 10.70 11.20
50 % only sugarcane by-products 17.66 9.46 14.43
75 % only sugarcane by-products 14.07 8.21 17.65
100 % only sugarcane by-products 10.47 6.96 20.88

CP%, crude protein % and EE%, ether extract %
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Figure 1.Preparation of experimental diets; (A) microbial biomass
production (Chlamydomonas reinhardtii (Ch), Azotobacter
chroococcum (Azt) and yeast) was obtained by using batch culture
technique and sugarcane industrial wastewater effluent
amendment with molasses and/or press mud, (B) equal ratio of
pith and dehydrated press mud was mixed well, (C) microbial
cultures were added as 5 ml to each gram of the mixed sugarcane
solid wastes and mixed well. Three basic mixtures were produced;
(D) diets containing A. chroococcum integrated with sugarcane
by-products  (Azotobacter-integrated), (E) diets containing
microbial mix (Ch, Azt and yeast) integrated with sugarcane by-
products (microbial mix-integrated) and diets containing only
sugarcane byproducts (only sugarcane byproducts). After that,
each of the previous three mixtures (after air drying) was mixed
with a commercial diet in different percentage (0, 25, 50, 75 and
100 % w.w') as shown in Table (2).

2.4. Fish feeding

One thousand Nile tilapia (Oreochromis niloticus)
fingerlings with an average body weight of 0.5 + 0.4 g
(mean + SE) were obtained from the General Authority for
Fish Resources Development, Aswan, Egypt, and
transferred to Aswan Research Station, National Institute
of Oceanography and Fisheries, Aswan, Egypt. Fish were
acclimated in glass aquaria (80 x 60 x 50 cm) for seven
days, with two daily feedings of a basic diet.The aquaria
were filled with clean, dechlorinated water with
continuous aeration. The water temperature ranged from
28 to 30 °C, pH 7, and the dissolved oxygen was 7+1 mg/l.
During the experimental period, the water was changed by
10 % daily. Fish were fed at 5% of their body weight daily
in the first week, then 3 % of their body weight daily until
the experiment ended. The experiment was conducted for
45 days, and fish samples were collected every two weeks.

2.4.1. Ethics Statement

The dealing with the experimental fish followed the
National Institute of Oceanography and Fisheries
institutional ethical guidelines of humane dealing with
experimental animals. With no more than the least number
of fish per group used, fish were anesthetized with eugenol
either before sample collection or euthanized.
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2.4.2. Fish analysis

2.4.2.1. Fish growth performance

Fish growth parameters (fish length and weight) were
recorded for each treatment and control every 15 days.
Total length was measured from the head to the end of the
tail. Also, weight was measured in grams on a digital
scale. Growth indices (weight gain (WG), specific growth
rate (SGR), feed conversion efficiencies (FCE), the
condition factor (CF), and the percentage of survival were
calculated according to the following formula (Priestley et
al., 2006):

W& = Final walght — ITndtal waight

(In Pinal welght — In Initial weight)
Diaye of feeding

SGR = 100 ¥

Final welght - Initial welght
FCE = 100 = { 2 ght)

Dry fred Intake
Total wwelght

Cr = 100 x I'etal Lemzth®

Flaal nuanber of flsh

Survlval (9] — Lo =

2.4.2.2. Proximate composition

Diets and fish carcass samples were analyzed for dry
matter (DM) and ash content, and crude protein (N x 6.25)
using a Kjeltech auto-analyzer in accordance with AOAC
guidelines (1995). Crude fat was measured according to
Bligh and Dyer (1959). Nitrogen-free extract (soluble
carbohydrate) was calculated by subtracting the difference.

2.4.2.3. Histopathological examination

Five fish were fixed whole for 24 hours in 10%
phosphate-buffered formalin, then dehydrated with
increasing concentrations of ethanol (70 %, 80 %, 90 %,
95 %, and 100 %), embedded in paraffin, and finally
sectioned at 5 um thick. Tissue sections were stained with
Hematoxylin and Eosin (Presnell et al., 1997) and
examined by light microscopy (CX 41, Olympus, Japan),
according to Roberts (2012).

2.5. Statistical Analysis:

Data were statistically analyzed using analysis of
variance (ANOVA) using the STATISTICA computer
programs.

3. Results

3.1. Fish growth performance

Figure (2) shows the effects of experimental diets on O.
niloticus weight gain (WG), specific growth rate (SGR),
feed conversion efficiencies (FCE), and condition factor.
After 15 days of fish feeding, the treatment fed with 25%
microbial mix—integrated diets had a higher WG (0.29 g)
than the control (0.25 g), and after 30 days of fish feeding,
the treatment fed with 25% Azotobacter—integrated diets
had a higher WG (0.52 g) than the control (0.46 g).
Moreover, after 45 days of fish feeding, several treatments
recorded significantly higher WG values compared to
control. In details, the treatment fed with 25, 50, 75%
Azotobacter-integrated diets recorded 0.99, 1.18, 0.99 ¢
WG respectively; the treatment fed with 25, 50%
microbial mix-integrated diets recorded 0.99, 1.15¢ WG

lndtial nummkber of flah
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respectively, and the treatment fed with 25% only
sugarcane byproducts diets recorded 0.86 g WG, while
control recorded 0.79 g WG (Fig. 2).

Statistically, the best SGR was recorded for 25 %
microbial mix-integrated diets (2.95 SGR %), compared to
control (2.58 SGR %) after 15 days of feeding, and 25 %
Azotobacter-integrated diets (2.28 SGR %) and 25 %
microbial mix-integrated diets (2.19 SGR %), compared to
control (2.09 SGR %) after 30 days of feeding. After 45
days of feeding, the highest values were recorded in 25,
50, 75 % Azotobacter-integrated diets (2.36, 2.62, 2.69
SGR %, respectively); 25, 50 % microbial mix-
integrateddiets (2.16, 2.58 SGR %, respectively) and 25 %
only sugarcane byproducts mixed diet (2.36 SGR %)
compared to control (2.04 SGR %).

Feed conversion efficiencies (FCE) values of fishes
were improved, where after 15 days of fish feeding, the
treatment fed with 25 % microbial mix-integrated diet
recorded higher FCE (5.3 %) compared to control (4.5 %).
In addition, after 30 days of fish feeding, the treatment fed
with 25 % Azotobacter-integrated diet, and the treatment
fed with 25 % microbial mix-integrated diet recorded
higher FCE (12.9 and 12.2 % respectively) compared to
control (11.4 %). Also after 45 days of fish feeding,
significant increases (P< 0.05) in FCE in many treatments
were recorded compared to control (19.8 %), such as FCE
in 25, 50, 75 % Azotobacter-integrated diets (24.9, 29.5,
24.7 %, respectively); 25, 50 % microbial mix-integrated
diets (24.8, 28.8 %, respectively).

Furthermore, Figure (2) showed that using
experimental diets improved condition factor, particularly
after 45 days of feeding, a phenomenon seen in all
treatments except the highly concentrated one (100 %
treatments), where 25, 50, 75% Azotobacter-integrated
diets recorded 2.1, 3.1, 2.4 gm.cm™ respectively; 25, 50,
75% microbial mix-integrated diets treatments recorded
2.4, 2.1, 2.1 gm.cm>respectively, and 25, 50, 75% only
sugarcane byproducts diets recorded 2.1, 1.7, 2.4 gm.cm
3respectively, compared to control (1.1 gm.cm™).

Lower concentrations of experimental diets (25, 50%)
had considerably higher values in both WG and SGR,
regardless of time, but higher concentrations (75, 100%)
were deemed unsuitable for fish feeding (Table 4). Also,
A. chroococcum- integrated and microbial mix-integrated
diets had a significant effect on weight gain and specific
growth rate compared to the only sugarcane byproducts
mixed diets. In addition, all treatments except highly
concentrated ones (100% treatments) recorded higher
condition factor values compared to control (Table 4).
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Figure 2. Growth performance (weight gain, specific growth rate,
feed conversion efficiency and condition factor) for Oreochromis
niloticus fingerlings feeding on A. chroococcum integrated with
sugarcane by-products (Azotobacter-integrated) or microbial mix
integrated with sugarcane by products (microbial mix-integrated)
or only sugarcane byproducts after 15, 30 and 45 days of fish
feeding.

Significant increases (P < 0.05), more than the control, at the
same time are indicated by asterisks (*).
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Table 4. Combined statistical analysis (regardless of sampling time) of weight gain, specific growth rate, feed conversion efficiencies and
condition factor for different experimental treatments.

Treatments WG (gm) SGR (%) FCE (%) CF(gm. cm?)
Control 0.50 ¢ 2.24¢ 11.91¢ 1.43°¢
25 % Azotobacter-integrated 0.58" 2.33° 13.92° 1.78 <
50 % Azotobacter-integrated 0.57°¢ 2.10¢ 13.86 ¢ 2.10*
75 % Azotobacter-integrated 0.45¢ 1.90f 10.91¢ 1.82°¢
100 % Azotobacter-integrated 0.02! 0.14 % 042! 0.42°
25 % microbial mix-integrated 0.59* 243% 14.10* 2.12¢
50 % microbial mix-integrated 0.54¢ 2.03°¢ 13.05¢ 1.96°
75 % microbial mix-integrated 035" 1.61¢ 8.34" 1.70 ¢
100 % microbial mix-integrated 0.14% 0.96' 3.18*% 0.46 F
25 % only sugarcane by-products 0.46° 2.04 ¢ 10.98 1.80°
50 % only sugarcane by-products 0.261 1.10" 6.231 1.74 ¢
75 % only sugarcane by-products 0.19/ 0.867 4.341 1.93°
100 % only sugarcane by-products 0.01™ 0.09! 0.27™ 042°

CP%

EE %

(WG) weight gain, (SGR) specific growth rate, (FCE) feed conversion efficiencies and (CF) condition factor

At the same column, means followed by the differ letter are significantly different (P< 0.05).

3.2. Proximate analysis of fish

Final proximate compositions of fish significantly affected by the
treatments (Figure 3). Crude protein recorded significantly higher
values in fish fed with 25, 50, 75% Azotobacter-integrated diets
(65.7, 63.6, 67.3 % respectively), and 25, 50% microbial mix-
integrated diets (65.1, 66.5% respectively), and 50, 75% only
sugarcane byproducts diets (65.4, 65.2% respectively), compared
with control (62.4%), while crude lipid concentrations in all
treatments were lower than control (22.5%). Fish fed with 25%
microbial mix-integrated diet and fish fed with 25% only
sugarcane byproducts diet (21.4 and 20.7% respectively) did not
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significantly differ from control. The maximum nitrogen-free
extract (soluble carbohydrate) was recorded in fish fed with 25%
only sugarcane byproducts diet (3.7%), 50% microbial mix-
integrated diet (2.9 %), 50% only sugarcane byproducts diet (2.7
%) and 50% Azotobacter-integrated diets (2.6 %), comparing to
control (2.4%). Fortunately, lower ash content was recorded in
fish fed with 25% microbial mix-integrated diet (11.4 %)
compared to control (12.8 %), while fish fed with 100 %
integrated diets recorded higher ash content (Fig. 3).
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Figure 3.Final proximate compositions for Oreochromisniloticus fingerlings feeding on A. chroococcum integrated with sugarcane by-
products (Azotobacter-integrated) or microbial mix integrated with sugarcane by-products (microbial mix-integrated) or only sugarcane

byproducts after 45 days of fish feeding.

CP, crude protein; EE, ether extract; NFE, nitrogen free extract. Significant increases (P < 0.05), more than the control, are indicated by

asterisks (¥*).



© 2022 Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 4 617

3.3. Histopathological examination

There were no significant differences in the
histopathological picture of the different treatments as
compared to the control. The majority of the tissues
evaluated had normal histological structure (Fig. 4).

Although all experiment diets had no visible negative
effects on fish health, there is a discernible effect on fish
color (Fig. 5). As the amount of the experimental diet was
increased, the blackness of the fish increased. The fishes
that received 100 % of the experimental diet showed more
darkness than those that received 75 % of the experimental
diet. Moreover, fishes receiving 25 % of the experimental
diets were more white and similar to the control (Fig. 5A,
and 5B). This is related to the color of water (Fig. 5C and
5D), where the darkness of water increased with increasing
the amount of the experimental diet (Fig. 5E).

Furthermore, the percentage of fish that survived was
inversely proportional to the increase in the content of the
experimental diets. It was higher in individuals who were
given a 25% or 50% experimental diet, which is similar to
a control diet (100 % survival rate). On the contrary, fishes
receiving a 100 % experimental diet recorded more
mortality than the others receiving 75 % experimental diet,
and the mortality began in the 11" day of feeding. The
lowest mortality was recorded in fishes fed with
Azotobacter-integrated diets (Fig. 6).

Figure 4. An example histopathological picture of Oreochromis
niloticus fingerlings showing: (a) posterior kidney showing
normal renal structure with moderate congestion, (b) Primary gill
lamella showing normal structure, (c) musculature showing
normal myofilamentos structure.

Figure 5. Photo image showing external color for Oreochromis
niloticus fingerlings and water color for fish aquaculture. A,
shows light and normal color of fish; B, shows dark color of fish,
C, shows normal color of water aquaculture; D, shows dark color
of water aquaculture which received high experimental diet; E,
shows darkness of water aquaculture increased with increasing the
amount of the experimental diet (with the direction of arrow).
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Figure 6. Oreochromis niloticus fingerlings mortality (%) from
the eleventh day until the twenty-fifth day of feeding.
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4. Discussion

Fish farming is an important industry, especially with
the growing number of population and increasing food
shortages. Using low-cost fish diets either in their
ingredients or in their preparation is important to reduce
the production cost and consequently increase fish
productivity. In aquaculture, microorganisms play an
important and useful role as nitrogen-fixing bacteria can
raise net primary productivity, increase plankton
production, and thereby increase fish biomass (Tripathy
and Ayyappan, 2005; Ali et al., 2015). Furthermore,
nitrogen-fixing bacteria are used in controlling pathogens
and improving the fish immunity system (Decamp et al.,
2008; Alietal., 2011).

The effect of sugarcane by-products on aquacultures
have been studied by a number of researchers, such as
Aderolu et al. (2013) who used molasses in the feed of
catfish, and Gangadhar and Keshavanath (2012) who
demonstrated that sugarcane bagasse can be applied in
tank bottom as a substrate to increase rohu fish production.

The objective of this study is to provide low-cost, high-
effective fish diets to lower fish production costs. The use
of minor additions from the combination diet (25, 50%)
considerably improved fish growing parameters, indicating
that microbial biomass integrated with sugarcane wastes
can replace a portion of the commercial fish diet (Table 4).
On the other hand, using large amounts of combination
diet (75, 100%) in fish feeding reduced fish growth
performance, which could be due to a lack of accessible
nutrients, as assessed by the approximation analysis (Table
3).

Furthermore, using microbial biomass integrated with
sugarcane wastes increased fish growth performance more
than using sugarcane by-products without microorganisms
(only sugarcane byproducts), which indicates that
microorganisms provided essential nutrients, such as
essential amino acids, vitamins, and un-identified growth
factors, increased digestibility of the raw materials, and
catabolized anti-nutritional factors by the action of the
produced enzymes. These results are compatible with the
results of Keshavanath and Shivanna, 2006; Gangadhar
and Keshavanath, 2012.

Moreover, the highest values for condition factor (used
as an index to evaluate the aquatic ecosystem in which fish
live) were found in fishes fed with 50% Azotobacter-
integrated diets, which confirms that Azotobacter
improved the water quality of aquaculture (Ali et al.,
2012). Additionally, the fish that were fed with 25% of
microbial mix-integrated diets recorded higher carcass
amounts of crude protein and lipid, which could be related
to the high lipid content of C. reinhardtiicells (Yang et al.,
2018).

Despite the fact that there were no visible histological
changes in fish tissues, the proportion of fish mortality
increased with increasing amount of experimental diets.
Fishes fed with 100 % integrated diets recorded higher
mortality than those fed with 75 % integrated diet (Fig. 6).
Furthermore, fish fed Azotobacter-integrated diets had a
lower mortality rate than fish fed alternative treatments,
although using higher amounts of the integrated diet (75
and 100 %) caused fish mortality and increased fish dark
color. All of the fish samples from all of the experimental
treatments lacked histological abnormalities in their

tissues, indicating that nutrient deficiency was the cause of
death.

5. Conclusion

It can be concluded that microbial mix—integrated
sugarcane byproducts can be applied in Nile tilapia feeding
after mixing with a commercial diet in between 25-50 %.
Also, fodder factories must be complementary with
sugarcane factories to reduce pollution and increase
economic value. Further research is needed to confirm the
safety and applicability of using such integrated diets in
fish feeding and also to reduce feed cost through
investigating the proper supplementary additions,
especially with higher concentrations of integrated diets.
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