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The nutritional value of a feedstuff isn’t only on its chemical composition, however, the content of the 
nutrients absorb by the aid of the fish. Thus, this study was developed to determine crude protein 
digestibility status of the five feeds (noug cake (NK), wheat bran (WB), soybean meal (SM), brewery 
waste (BW), and fish meal (FM) in Oreochromis niloticus. The experiment was conducted using 180 
Oreochromis niloticus population with weight of 28.2 to 28.4 g, distributed in experimental randomized 
blocks design with five treatments and three replicates per treatment. Digestibility was estimated by the 
indirect method using chromic oxide at the concentration of 0.50 % of the diet as a marker. The 
apparent and true digestibility of the protein was estimated for noug cake, 87.1 and 89.1 %; wheat bran 
74.3 and 78.7 %; soybean meal 88.3 and 90.0 %; brewery waste 65.4 and 67.8 %; fish meal 85.5 and 87.0 
%, respectively in siphoning technique. Similar (P > 0.05) results were observed in striping and 
siphoning methods in all experimental ingredients. Soybean, noug cake and fish meal had better (P < 
0.05) crude protein digestible by Oreochromis niloticus than wheat bran and brewery waste. Brewery 
waste was the lowest digestible by O. niloticus. The growth performance of the fish also in line with the 
crude protein digestibility status of the ingredient hence, the lowest growth performance was recorded 
in fish consumed brewery waste. This indicates, brewery waste isn’t well digestible by O. niloticus.  
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INTRODUCTION  
 
The nutritional value of a feed is not exclusively based on 
its chemical composition but also on the amount of 
nutrients that can be absorbed by the fish (Ibrahim, 2005; 
Patrícia, 2012). Digestibility describes the fraction of the 
nutrient in the ingested feedstuff that is not excreted in 
the faeces (Cho and Kaushik, 1990; Allan et al., 2000). 
For  the   duration   of   fish   feed   system,   the   nutrient 

compositions of the feeds and the biological utilization of 
the nutrients in every of the inclusion ingredients for the 
species should be considered (Maina et al., 2002; 
National Research Council, 2011). Studies on nutritional 
requirements and evaluation of feed for the specific fish 
species have prioritized the test of protein, which are the 
most highly-priced  element  in feed formulation (Felipe et
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al., 2011). The protein quality and quantity is the basic 
factor influencing fish growth performance and 
digestibility status of the feed (Yu et al., 2013). Hence, 
the digestibility of each ingredient in fish feed formulation 
is the basic aspect in evaluating the suitability of feeds for 
the growth of the fish. 

There are two types of digestibility studies, true and 
apparent digestibility. True digestibility is the differences 
between ingested nutrient and egested nutrient by 
considering the endogenous losses but apparent is only 
the difference (Sakomura and Rostagno, 2007; Felipe et 
al., 2011). There are two strategies which determine the 
digestibility coefficients of the feed stuffs. These are 
direct and an indirect measurement of the amount of 
nutrient ingested and subsequently excreted, but the 
indirect method is the preferred technique to determine 
the fish digestibility coefficient (Sakomura and Rostagno, 
2007). This method involves the use of a non-digestible 
marker.  A dietary marker is a substance that is not 
metabolized by the animal but used to determine the 
proportion of feed digested and excreted as waste 
(Merchen, 1988). Dietary markers must have no toxic 
effects, cannot be lost in digestion, cannot add 
considerable mass, and must be easily and equally 
mixed into feed. There are different types of dietary 
markers like ash, titanium dioxide (TiO2) and chromium 
oxide (Cr2O3). Most of the time chromic oxide was used 
in digestion trials with sheep, horses, cattle, pigs, fish, 
and humans (Raymond and Minson, 1955; Rahman et 
al., 2016). It is assumed that the quantity of the markers 
within the feed and faeces remains consistent throughout 
the experimental period and that every one of the 
ingested markers will appear within the faeces. The 
digestibility of the nutrient in question can be decided by 
way of assessing the difference between the feed and 
faecal concentrations of the markers and the nutrient. 
The indirect method has the advantages that it eliminates 
the need to quantitatively collect all of the excreta, and 
the test fish can consume voluntarily (Ibrahim, 2005). 

Proper faecal collection to prevent loss of soluble 
nutrients into the water is vital in digestion trials, whether 
or not the direct or indirect method is used (Felipe et al., 
2011; Rahman et al., 2016). Data from Smith et al. (1980) 
imply that a significant amount of the fecal nitrogen from 
rainbow trout is in liquid form and may leach out of the 
faeces into the water prior to collection. The calculation of 
digestibility, when a high amount of soluble nutrients 
have leached from the faeces, gives digestion 
coefficients that are erroneously high (Smith and Lovell, 
1971; Windell et al., 1978). Some investigators have 
consequently chosen to collect the faeces directly from 
the rectum using anal aspiration (Windell et al., 1978), 
surgical excision (Smith and Lovell, 1971), or stripping 
(Nose, 1960) to minimize the problem of nutrient 
leaching. Austreng (1978) suggested that if stripping was 
used to remove the faeces from the rectum, care should 
be taken not to obtain partially digested feed or  biological  

 
 
 
 
fluids from the gut. Choubert (1979) and Cho and Slinger 
(1979) have shown that, that if excretions are removed 
from the fish tank soon after expulsion, the collection of 
passively excreted faeces can give good digestibility 
information. 

In Ethiopia, there are diverse agricultural and agro-
industrial by-products which are not consumed by 
humans and have higher potential for feed sources of fish 
(Kassahun et al., 2012). But the digestibility of locally 
available fish feed sources is not studied so far. This 
study was therefore proposed to assess the crude protein 
digestibility of some locally fish feed ingredients (Noug 
cake, wheat bran, brewery waste, fish meal and soybean) 
by Oreochromis niloticus in the hatchery.  
 
 

MATERIALS AND METHODS 
 
Study site  
 
The present experiment was carried out at the National Fisheries 
and Aquatic Life Research Center (NFALRC) hatchery from August 
2018 to October 2018 which is located some 24 km Southwest of 
Addis Ababa (8°55.076’N; 38°38.161’E) at an altitude of 2240 m 
a.s.l.  
 
 
Feed ingredients and preparation  
 
The locally available fish feed ingredients: wheat bran, noug cake 
and starch were purchased from Addis Ababa, brewery waste was 
collected from meta brewery factory, fish meal from Bahir Dar and 
soybean was available in NFALRC feed store. Before used as a 
feed, soybean was processed through boiling and roasting 
manually to reduce the oil content and anti-nutritional effects or 
chemicals. Chromium oxide was imported from Austria and used as 
an external marker; it was incorporated into the experimental 
ingredients at 0.5% used as an indicator for determining the 
digestibility (Felipe et al., 2011; Rahman et al., 2016). All chemical 
analysis of feed ingredients and faeces was carried out as 
described in AOAC (1990) in triplicates and in JIJE Analytical 
Testing Service Laboratory (Doc. No: JATSL/F5.10-3) (Table 1).  
 
 

Fish and experimental condition 
 
A total number of 180 O. niloticus with average initial weight of 
28.1-28.4 g were used and stocked into18 experimental aquaria 
with 100 liter water holding capacity designed in a recirculating 
system with partial water renewal. The stocking density was 10 fish 
per aquarium in triplicates designed at completely randomized 
design (CRD) for 90 days. Each aquarium was clean, well-
prepared, installed and filled with water. This system was 
composed of a biological filter, comprising three tanks of 200 liter 
capacity each and filled with gravel, and a sand filter. Fish were 
stocked seven days prior to the start of the faecal collection period 
to allow for adaptation to the experimental conditions. During this 
period, fish were fed the maintenance diet. Afterwards, each diet 
was randomly assigned to the aquaria. 
 
 

Faeces collection and digestibility assessment 
 

The first 7 days of each period were used for adaptation to the feed 
and  no   faeces  was  collected.  This time  period  was  considered 
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Table 1. Experimental diets and their proximate composition on dry matter basis.  
 

ingredients 
Ingredients inclusion level (%) 

Protein free diet Noug cake Wheat bran Soybean meal Brewery waste Fish meal 

Noug cake (NK) 
 

91.5 
    

wheat bran (WB) 
  

91.5 
   

Soybean (SB) 
   

91.5 
  

Brewery waste (BW) 
    

91.5 
 

Fish meal (FM) 
     

91.5 

Corn starch 91.5 
     

Soybean oil 6 6 6 6 6 6 

Premix  2 2 2 2 2 2 

Chromic oxide 0.5 0.5 0.5 0.5 0.5 0.5 
       

Proximate composition (g 100 g
-1

) 

Dry matter (%)  90.8 88.9 96.2 88.8 92.3 

Protein (%) 0.00 32.62 14.95 37.39 26.92 45.97 

Ash (%)  10.4 3.4 6 10.2 20.4 

Fat (%) 0.00 7.2 4.9 8.1 5.2 12.7 

Crude fibre (%) 3.90 10.5 11.4 8.1 11 0.2 

 
 
 
sufficient for the fish to achieve complete evacuation of previous 
diets and metabolically adapt to the new diet. Fish were then fed 
the experimental diets 5 % their body weight twice per day at 09:00 
and 16:00 h. Each day, 30 min after the second feeding, the 
aquaria were cleaned and 50% of water renovated to remove any 
residual particulate matter such as faeces and uneaten feed. After 5 
h, the faeces which settled in the bottom of each aquarium was 
collected and some of the faeces was collected by striping five fish 
from each replicate after the fish were anaesthetized with a 0.2 gL

-1
 

suspension of MS-222 (Maina et al., 2002; Felipe et al., 2011; 
Rahman et al., 2016) for every week. Faeces  was  then  
centrifuged  at  5000 × for  10  min  and  the supernatant  discarded 
(Felipe et al., 2011).  Faeces was then dried at 105°C and stored at 
deep freeze until analysis. The faeces collection continued 
throughout the experimental period and faeces from each aquarium 
was pooled.  

Chromic oxide was determined in the diets and faeces according 
to Furukawa and Tsukahara (1966). For each replicate, 200 mg of 
sample was weighed and transferred to the digestion tubes and this 
occurred  in  two  phases:  first,  5  ml concentrated nitric acid 
(HNO3) was added to the digestion tubes and the tubes placed in a 
heating mantle for approximately 30 min for solubilization of all 
organic material. Afterwards, 3 ml of sulfuric acid (H2SO4) was 
added to the digestion tubes that were put back in the heating 
mantle for 30 min. When cooled to ambient temperature, 10 ml of 
deionized water was added to the tubes. The concentration of 
chromic oxide was then measured at 350 nm in a UV 
spectrophotometer. According to Furukawa and Tsukahara (1966), 
the concentration of chromic oxide was calculated as follows:  
 

(1) The amount of chromic oxide (mg) present in the sample. 
 

2089.0

0032.0
*

4

1 


Y
X  

 

Where: Y=absorption, 0.0032 & 0.2089 are constants. 
 X= chromic oxide (mg) 
 

(2) To calculate the % of chromic oxide (C. O %)

A

X
OC 100.%.      

Where: X=weight of chromic oxide, A=weight of sample 
 
Apparent and true digestibility of protein was determined by 
calculating the indigestibility factor described by Rostagno and 
Featherston (1977), as follows, 
 

Indigestibility factor (IF) = 
fecesOCr

dietOCr

32

32
 

 
(3) Apparent crude protein digestibility coefficient (ApCPDC) 
 

ApCPDC % = 
cpDiet

IFcpEDietcp 100*)1*1(

 
 
 E1= faeces from tested diet 
 
(4) Crude protein true digestibility coefficient  (CPtDC) 
 

CPtDC % = 
cpDiet

IFcpeIFcpfecesDietcp 100*)2*1*( 
 

 
Where: cpe = endogenous crude protein excreted in the faeces, 
 IF1= indigestible factor for the tested diet and IF2=indigestible 
factor for the protein free diet (PFD) 

 
 
Water quality analysis 

 
The water temperature was controlled by thermostat and ranged 
from 26 - 28°C throughout the culturing period. Continuous flow of 
recirculating water was allowed for 24 h per day; 2 litters per minute 
flow was rare except faeces sampling period (5 to 7 h per week). 
Water quality parameters (Temperature and dissolved) were 
measured in every three days and total ammonia nitrogen level was 
measured  once  every  two  weeks.  Total ammonia nitrogen (TAN)  
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was determined by using the Indo-Phenol blue method (Khosravi et 
al., 2012). 
 
 

Statistical analyses  
 
Data are presented as mean ± standard Error. All data were 
subjected by one-way analysis of variance (ANOVA) using a 
significance level of P < 0.05. Tukey's multiple range test was 
applied to determine differences among means. All statistical 
analyses were carried out using the IBM SPSS version 20.0.  

 
 
RESULTS AND DISCUSSION  
 

The apparent and true digestibility of protein for the five 
ingredients is shown in Table 2. The protein quality of the 
feed ingredients has been always the basic aspect for the 
growth of fish (Yu et al., 2013). The digestibility of protein 
in both techniques (siphoning and striping) revealed that  
fish meal (FM), soybean (SB) and noug cake (NK) had 
better (P < 0.05) crude protein digestible via O.niloticus 
(P < 0.05) than wheat bran (WB) and brewery waste 
(BW), and brewery waste was the lowest protein 
digestible ingredient. This suggests that each of these 
feed ingredients has a specific crude protein utilization 
efficiency for O. niloticus. Similar (P > 0.05) results were 
observed in the two faeces extraction strategies in this 
study.   

The crude protein digestibility of soybean meal was 
lower than Sklan et al. (2004) and Felipe et al. (2011) 
which are 91.12 and 96.2% respectively. This was 
probably the anti-nutritional factors (trypsin inhibitors and 
phytic acid) (Webster et al., 1992). In this study, the 
amount of oil content and anti-nutritional chemicals were 
tried to reduce through roasting and boiling prior to use 
as feed. However, the ant-nutritional chemicals are 
removed with oil and deactivated well throughout boiling 
and roasting using extraction and roasting machines 
(Webster et al., 1992; Allan and Booth, 2004). But the 
above machines are not available in the center and we 
used manual methods which are most practicing in 
Ethiopia for soybean ingredients used as a fish feed. 
Hence, before using soybean as a fish feed, the oil and 
anti-nutritional effect (chemical compounds) must be 
removed and destroyed at a required level (Maina et al., 
2002) to increase its acceptability, digestibility status and 
reduce the anti-nutritional and health effects of the fish 
species. On the other hand, extruded soybean feed is the 
best to improve nutrient utilization and destroy some anti-
nutritional factors (Robinson et al., 2001; Barrows et al., 
2007).  

Fish meal crude protein digestibility is better than 
Felipe et al. (2011) which is 83% % and lower than stated 
through Muhammad et al. (2004), 88.8%. The protein 
digestibility status of fish meal on O. niloticus is shown to 
have variations in many studies due to different reasons. 
For instance, Romero et al. (1994) reported 84.5 to 97% 
of digestibility from 27 samples and Rahman et al. (2016)  

 
 
 
 
stated 87 to 95%. The variations between the digestibility 
of fish meal in this research and in other studies used for 
comparison can be explained by several factors, such as 
the inclusion level, experimental condition, processing of 
ingredients and feeds, cultured fish species type, raw 
materials, location, equipment type and the method used 
to collect faeces (Romero et al., 1994; Aksnes et al., 
1997; Maina et al., 2002; Rahman et al., 2016).  

The crude protein digestibility status of noug cake is 
among the better digestible group ingredients; however, 
there is no published information related to noug cake 
digestibility. Consequently, this report is the first because 
as far as we know noug (Guizotia abyssinica) is a semi 
domesticated oilseed crop, which is primarily cultivated 
in Ethiopia (Dempewolf et al., 2015). The apparent and 
true digestibility of wheat bran is similar to that of Maina 
et al. (2002) and lower than Felipe et al. (2011), which 
are 75.0, 78.21 and 88.8%, respectively. This is due to 
the difference of the milling process, seed variety and the 
soil types where the ingredients were grown (Degani et 
al., 1997). Brewery waste was the lowest in this study 
and information on the digestibility of protein in brewery 
waste for O. niloticus is limited. The lowest digestibility of 
brewery waste is because of excessive fibre (indigestible 
material) and low nutrient contents present in the feed (Li 
et al., 2013). Many studies have shown that the crude 
fibre content alters the digestibility and digestive tract 
morphology of the fish (Buhler and Halver, 1961; Leary 
and Lovell, 1975) and they reported the levels above 
5.0% of crude fibre influenced the digestibility of crude 
protein in Nile tilapia. The fibre contents of the 
experimental ingredients ranged from 8.1 to 11.4% 
except fish meal which was 0.2% (Table 1). 
The ash contents of the ingredients also influenced on 
the digestibility of the feed (Felipe et al., 2011; Rahman 
et al., 2016). The lowest dry matter of the brewery waste 
may be attributed to the high ash content and resulted in 
decreased digestibility value. In this study, fish meal had 
the highest ash content component (20.4%) and it is 
similar to other studies (Zhou and Yue, 2012; Rahman et 
al., 2016); this indicates the lower quality of the fish meal. 
In line with Rychly and Spannhof (1979), if the protein 
digestion coefficients for the ingredients are between 75 
to 95 %, the ingredients must be incorporated during feed 
formulation. Therefore, in the present study, the protein 
digestibility of the experimental feeds was above 75% 
except brewery waste. The main differences between the 
true and apparent digestibility status of the tested 
ingredients were due to the presence of endogenous 
losses (intestinal cells, enzymes and microbial matter) in 
the fish body and they were measured by using protein 
free diets (Sakomura and Rostagno, 2007; Felipe et al., 
2011) as described in the methodology part (Table 1).  

The effect of dietary protein level on the growth 
performance of O. niloticus is shown in Table 2. At the 
start of the study, fish in all groups had similar mean 
weight  (P > 0.05). After  90 days,  the O. niloticus growth  
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Table 2. Means (± SE) of apparent and true protein digestibility coefficient (%) of the tested ingredients in siphoning and striping 
techniques. 
 

Experimental 
diets 

Siphoning, 
ACPDC% 

Strip 
ACPDC% 

Siphoning, 
CPtDC % 

Strip 

CPtDC % 

Final 
weight (g) 

Weight gain 
(g fish

-1
) 

FCR 

Wheat bran 74.3±0.2
a
 75.1±0.2

a
 78.7±0.2

ab
 79.4±0.2

 ab
 31.1±0.3

a
 2.7 3.8 

Noug cake 87.1±0.3
b
 87.4±0.2

b
 89.1±0.3

ac
 89.4±0.2

 ac
 35.2±0.1

b
 7 3.4 

Soybean meal 88.3±0.1
b
 88.6±0.3

b
 90.0±0.1

ac
 90.3±0.3

 ac
 36.3±0.4

b
 8.1 3.3 

Fish meal 85.5±0.1
b
 85.9±0.2

b
 87.0±0.1

ac
 87.3±0.2

 ac
 37.6±0.7

b
 9.4 3.3 

Brewery waste 65.4±0.1
c
 66.3±0.2

c
 67.8±0.1

bc
 68.8±0.2

bc
 30.7±0.5

c
 2.6 4.2 

 

Similar letters across the rows and columns refer to non-significant differences and different letters represent significant differences. 
 
 
 

rate was relatively better fed on diets (FM, SB and NK) 
than the ones consumed diets (WB and BW). Fish that 
consumed the brewery waste had the lowest growth 
performance and digestible value. The minimum and 
maximum temperature and dissolved oxygen of the 
experimental units ranged from 26 - 28°C and 4.4 - 7.2 
mgL

-1
 respectively and relatively within the range of the 

optimal requirement for the O. niloticus feed and growth 
(Wetzel, 2001; Halver and Hardy, 2002; Azaza et al., 
2008). However, the growth performance of the fish was 
relatively poor as compared to other studies (Maina et al., 
2002; Liti et al., 2005; Adamneh et al., 2007; Zenebe et 
al., 2012). This is because in this study, the fish received 
only single protein sources (ingredients) but the other 
studies incorporated reference diets (~ 70%) with the 
experimental components (Maina et al., 2002; Felipe et 
al., 2011); but reference diet is not available in Ethiopia.  
Zenebe et al. (2012) used single protein sources (NK, 
WB and BW) and found better growth performance 
compared to the present study. This is because the 
experiment has been executed in ponds and thus, 
availability of natural planktons unlike indoor experimental 
fish only depends on artificial diets.  

Generally, the apparent and true digestibility status of 
protein in this study revealed that the protein of soybean 
(SB), fishmeal (FM) and noug cake (NK) is relatively 
better accepted by O. niloticus compared to other tested 
diets. But their effects on the growth performance of the 
fish were not significant in comparison to other studies. 
This could be attributed to numerous factors, such as the 
inclusion level of the ingredients, possible anti-nutritional 
factors, and the technique used to collect faeces, the 
method and processing of feeds and ingredients and 
even the soil types where the crops were grown. 
 
 
CONCLUSION AND RECOMMENDATION 
 
Due to the digestibility status and their impact on the 
growth performance of the O. niloticus,  most of the 
experimental ingredients were above 75 % digested 
through the fish and this indicates it is possible to 
incorporate in O. niloticus feed formulation. SB and NK 
and FM protein digestibility was selected ingredient for O. 

niloticus diets formulation in terms of overall digestibility 
status. BW has the lowest protein digestible in this study 
and is needed to remove these ingredients for O. 
niloticus feed formulation and it has high contents of ash 
and crude fibre.  Therefore, this leads to increased waste 
production and reduces water quality (Maina et al., 2002; 
Rahman et al., 2016). The use of true digestibility values 
of the ingredients tested, bearing in mind the differences 
found for the apparent digestibility values, will allow more 
appropriate and accurate diet formulation for Nile tilapia, 
which can improve animal performance. According to the 
present study, the siphoning and striping faeces 
extraction techniques show similar results and are used 
better alternatively. 

To our knowledge, this is the first report on protein 
digestibility status determined for O. niloticus in Ethiopia. 
This information provides an important basis for further 
investigation of single or mixed ingredients diet 
preparation or substitutions for evaluation of nutrients 
requirements of O. niloticus, in order to maximize 
performance and to minimize production costs and waste 
production. The authors also recommend to give more 
attention to the sources and quality of the selected 
ingredients.  
 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interests. 
 
 

ACKNOWLEDGMENTS 
 
The authors wish to thank Ethiopian Institute of 
Agricultural Research for financing this research. We 
would like to extend our gratitude to Paul, Boku 
University providing chromium oxide. We also thank the 
technical assistants and fishermen at National Fishery 
and Aquatic Life Research Center for the entire 
experimental period.  
 
 
REFERENCES  

 
Adamneh  D,  Aschalew  L,  Fasil   D,    Abeba    WG    (2007).   Growth  



50          Afr. J. Agric. Res. 
 
 
 

performance and economic returns of male monosex and unsexed 
tilapia (Oreochromis niloticus L.) culture in ponds fed on wheat bran. 
In: Pastoral Livestock Systems: Opportunities and Challenges as a 
Livelihood Strategy, 173-181, Proceedings of the 15

th
 Annual 

Conference of the Ethiopian Society of Animal Production (ESAP). 
Aksnes A, Izquierdo MS, Robaina L (1997). Influence of fish meal 

quality and feed pellet on growth, feed efficiency and muscle 
composition in gilthead seabream (Sparus aurata). Journal of 
Aquaculture 153(3-4):251-261. 

Allan GL, Booth MA (2004). Effects of extrusion processing on 
digestibility of peas, lupins, canola meal and soybean meal in silver 
perch Bidyanus (Mitchell) diets. Aquaculture Research 35(10):981-
991.   

Allan GL, Parkinson S, Booth MA, Stone DAJ, Rowland SJ (2000). 
Replacement of fish meal in diets for Australian silver perch, 
Bidyanus digestibility of alternative ingredients. Aquaculture 
Research 186:293-310.    

Association of the Official Analytical Chemists (AOAC) (1990). Official 
Methods of Analysis of the Association of the Official Analytical 
Chemists AOAC, Arlington, Virginia 22201 USA, 15

th
 edn, 

gov.law.aoac.methods.1.1990. 
Austreng E (1978). Digestibility determination in fish using chromic 

oxide marking and analysis of contents from different segments of the 
gastrointestinal tract. Aquaculture 13(3):265-272.  

Azaza MS, Dhraief MN, Kraiem MM (2008). Effects of water 
temperature on growth and sex ratio of juvenile Nile tilapia O. 
niloticus(Linnaeus) reared in geothermal waters in southern Tunisia. 
Journal of  Thermal Biology 33(2):98-105.  

Barrows FT, Stone A J, Hardy RW (2007). The effects of extrusion 
conditions on the nutritional value of soybean meal for rainbow trout 
(Oncorhynchus mykiss). Aquaculture 265(1-4):244-252. 

Buhler DR, Halver JE (1961). Nutrition of salmoid fishes. IX. 
Carboidrate requeriments of Chinook salmon. Journal of Nutrition 
74(3):307-318. 

Patrícia CR (2012). Apparent digestibility coefficient of feed ingredients 
for juvenile meagre (Argyrosomus regius, Asso 1801). Msc thesis in 
Aquatic Biological Resources Porto, 2012. 

Cho CY, Slinger SI (1979). Apparent digestibility measurement in 
feedstuff for rainbow trout. In: Word Symposium on Finfish Nutrition 
and Fish feed Technology. Hamburg pp. 239-247. 

Cho CY, Kaushik SJ (1990). Nutritional energetics in fish: energy and 
protein utilization in rainbow trout (Salmo gairdneri). Aspects of food 
production, consumption and energy values 61:132-172. 

Choubert G (1979). Continuous quantitative automatic collector for fish 
faeces. Progressive Fish Culturist 41:64-67. 

Degani G, Viola S, Yehuda Y (1997). Apparent digestibility coefficient of 
protein sources for carp (Cyprinus carpio L). Aquaculture Research 
28(1):23-28. 

Dempewolf H, Misteru T, Abel T, Anne DB (2015). Patterns of 

domestication in the Ethiopian oil‐seed crop noug (Guizotia 
abyssinica). Evolutionary Applications pp. 1752-4571.  

Felipe BR, Eduardo A, Teixeira L (2011). True and apparent digestibility 
of protein and amino acids of feed in Nile tilapia. Revista Brasileira de 
Zootecnia 40:939-946.  

Furukawa A, Tsukahara H (1966). On the acid digestion method for the 
determination of digestibility of fish feed. Bulletin of the Japanese 
Society of Scientific Fisheries 32:502-506.  

Halver JE, Hardy RW (2002). Fish nutrition, London, Academic Press: 
An imprintof Elsevier Science. ISBN-13: 978-0123196521 

Ibrahim EH (2005). A review of some fish nutrition methodologies. 
Bioresource Technology pp. 395-402.  

Kassahun A, Waidbacher H, Munguti JM, Zollitsch WJ (2012). Locally 
available feedstuffs for small-scale aquaculture in Ethiopia- a review. 
Die Bodenkultur 51(63):2-3. 

Khosravi A, Esmhosseini M, Jalili J, Khezri S (2012). Optimization of 
ammonium removal from waste water by natural zeolite using central 
composite design approach. Journal of Inclusion Phenomena and 
Macrocyclic Chemistry 74(4):383-390.  

Leary DF, Lovell RT (1975). Value of fibre in production-types diets for 
channel catfish. Transactions of the American Fisheries Society 
104(2):328-332. 

Li MH, Oberle D, Lucas PM (2013). Apparent digestibility of alternative  

 
 
 
 

plant-protein feedstuffs for channel catfish, Ictalurus punctatus 
(Rafinesque). Aquaculture Research 44(2):282-288. 

Liti D, Cherop L, Munguti J, Chhorn L (2005). Growth and economic 
performance of  Nile Tilapia (O. niloticusl) fed on two formulated diets 
and two locally available feeds in fertilized ponds. Aquaculture 
Research 36(8):746-752.  

Maina JG, Beames RM, Higgs D (2002). Digestibility and feeding value 
of some feed ingredients fed to tilapia. Oreochromis niloticus (L.). 
Aquaculture Research 33(11):853-862. 
https://doi.org/10.1046/j.1365-2109.2002.00725.x 

Merchen NR (1988). Digestion, absorption, and excretion in ruminants. 
In: D. C. Church (ed.) the Ruminant Animal Digestive Physiology and 
Nutrition. Prentice Hall, Englewood Cliffs NJ pp. 172-201. 

Muhammad S, Iram A, Javed I S, Irfan M (2004). Evaluation of 
Apparent Digestibility of Fish Meal, Sunflower Meal and Rice 
Polishings for Labeo rohita. Pakistan Journal of Life and Social 
Sciences 2(2):139-144. 

National Research Council (NRC) (2011). Nutrient Requirements of 
Fish and Shrimp. Washington, DC: The National Academies Press. 
https://doi.org/10.17226/13039 

Nose T (1960). On the digestibility of food protein by goldfish (Carassius 
auratus) and rainbow trout (Salmo irideus G.). Bulletin of Freshwater 
Fisheries Research Laboratory, Tokio 10(1):12-22. 

Rahman M, Hyon-Sob H, Kang-Woong K, Kyoung-Duck K (2016). 
Apparent digestibility coefficients of the extruded pellet diets 
containing various fish meals for olive flounder, Paralichthys 
olivaceus. Fisheries and Aquatic Sciences pp. 19-27.  

Raymond W, Minson D (1955). The use of chromic oxide for estimating 
the faecal production of grazing animals. Grass and Forage Science 
10:282-296.  

Robinson EH, Li MH, Manning BB (2001). A practical guide to nutrition, 
feeds, and feeding of catfish. Bulletin 1113. Mississippi Agricultural 
and Forestry Experiment Station, Mississippi State University, 
Starkville, Mississippi, USA. 

Romero JJ, Castro E, Diaz AM (1994). Evaluation of methods to certify 
the “premium” quality of Chilean fish meals. Aquaculture 124(1-
4):351-358. 

Rostagno HS, Feathertov WR (1977). Estudos de métodos para 
determinação de disponibilidade de aminoácidos. Revista Brasileira 
de Zootecnia 6(1):64-75. 

Rychly J, Spannhof L (1979). Nitrogen balance in trout, digestibility of 
diets containing varying levels of protein and carbohydrate. 
Aquaculture 16(1):39-46.  

Sakomura NK, Rostagno HS (2007). Métodos de pesquisa em nutrição 
de monogástricos. Jaboticabal, SP: FUNEP, 283 p. 

Sklan D, Prag T, Lupatsch I (2004). Apparent digestibility coefficients of 
feed ingredients and their prediction in diets for tilapia Oreochromis 
niloticus x Oreochromis aureus (Teleostei, Cichlidae). Aquaculture 
Research 35(4):358-364.  

Smith BW, Lovell RT (1971). Digestibility of nutrients in semi-purified 
rations by channel catfish in stainless steel troughs. Proceedings of 
the annual conference, Southeastern Association of Game and Fish 
Commissioners 25:452-459. 

Smith RR, Peterson MC, Allred AC (1980). The effect of leaching on 
apparent digestion coefficients in determining digestibility and 
metabolizable energy of feedstuffs for salmonids. The Progressive 
Fish Culturist 42(4):195-199. 

Webster CD, Tidwell JH, Yancey D H, Mackey L (1992). Use of 
soybean meal and distillers grains with solubles as partial or total 
replacement of fish meal in diets for channel catfish, Ictalurus 
punctatus. Aquaculture 106(3-4):301-309. 

Wetzel RG (2001). Limnology: Lake and river ecosystems. 3
rd

 edition. 
Academic press. N.Y. 1006.  

Windell JT, Foltz JF, Sarokon JA (1978). Effect of fish size, 
temperature, and amount fed on apparent digestibility of a pelleted 
diet by rainbow trout, Salmo gairdneri. Transactions of the American 
Fisheries Society 107(4):613-616. 

Yu HR, Zhang Q, Cao H, Wang XZ, Huang GQ, Zhang BR (2013). 
Apparent digestibility coefficients of selected feed ingredients for 
juvenile snakehead, Ophiocephalus Argus. Aquaculture Nutrition 
19(2):139-147.  

Zenebe T, Abeba WG, Mulugeta J, Fekadu T, Fasil D (2012). Effect of  



 
 
 
 

supplementary feeding of agro-industrial by products on the growth 
performance of Nile Tilapia  (O.niloticusl) in concrete ponds. 
Ethiopian Journal of Biological Science 11(1):29-41.  

Zhou QC, Yue YR (2012). Apparent digestibility coefficients of selected 
feed ingredients for juvenile hybrid tilapia, Oreochromis niloticus X 
Oreochromis aureus. Aquaculture Research 43(6):806-814.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Yimer and Tadesse               51 
 


