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Abstract: Sorghum meal was evaluated as a replacement for maize in the diets of C.gariepinus over a

period of 70 days. Five experimental diets were prepared, a control diet without sorghum (diet 1) while

diets 2 and 3 had 25% and 50% raw sorghum (RS),diets 4 and 5 equally had 25% and 50% fermented

sorghum (FS) as subtitute for maize. Juvenile of C. gariepinus average weight (24.07± 0.011) were

stocked 7 per tank and 3 replicate per treatment were fed 5 experiment diets. Fermentation process

resulted in increased crude protein,energy and carbohydrate values but this is not significantly diffent from

the raw sample Mean weight gain, relative growth rate, feed conversion ratio were not significantly

different between the control and other experimental diets. Specific growth rate is significantly different

at the 50% inclusion level of fermented sorghum in comparison to the raw sorghum (0.82139 against

0.75922). It could be concluded that the inclusion of sorghum meal even up to 50% inclusion level for

both the raw and fermented meal, did not affect negatively the result obtain
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INTRODUCTION

High cost of fish feed has been recognised as a

major factor militating against rapid development of

aquaculture in the developing countries  and feed is[13]

the most expensive cost item in semi-intensive and

intensive fish culture . Maize is a cereal grain[8]

commonly used as energy/carbohydrate in fish diets;

however competition for its use in human foods and

animal feeds limits its availability and hence increase

its price in the market . This then necessitate research[3]

into non-conventional carbohydrate ingredients that will

replace maize without compromising fish growth and

health.

Sorghum (Sorghum bicolor) is less expensive and

abundant in Nigeria when compared to other grains, It

can be used as a good substitute for maize and  is the

world’s fifth most important cereal in terms of both

production and area planted. About 48% of the global

sorghum production is used for production of animal

feed, . Sorghum  is similar in chemical composition[11]

to maize (Zea mays). Sorghum has a nutritional quality

comparable to other cereals but the presence of anti-

nutritional factors like tannin, phytates and cyanogenic

glucosides among others could probably have effect on

nutrient utilization and growth therefore suggesting the

need for processing before feeding it to animals. It may

be feasible to replace expensive conventional fish

feedstuffs such as maize with cheaper alternatives in

order to reduce the cost of the feed.

Clarias gariepinus (Burchell, 1822) is one of the

most suitable aquaculture species in Nigeria. This could

be credited to its  been hardy, resistance to handling

and stress, better growth and feed conversion ability

The high quality and better taste of its flesh makes it

a highly demanded fish; hence there is a need to

increase the local production of this species at cheaper

production cost .[17]

This study was conducted to evaluate the effect of

replacing maize with graded levels of raw and

fermented sorghum in the diets of African catfish

(Clarias gariepinus) juveniles using growth and nutrient

utilization assessments.

MATERIALS AND METHODS

Purchase and Processing of Feed Ingredients:

Ingredients used in this study were purchased from a

commercial feed miller at a local market in Otto-Awori

Lagos state, Nigeria. Enough quantity of the sorghum

and  other ingredien ts  were bought a t the

commencement of the experiment to avoid differences

associated with varying batches. A path of the sorghum

grain was fermented by soaking in clean water for

3days, washed in fresh water thereafter sun-dried for

another 3days, it was then milled into fine powder. The
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remaining sorghum was milled also into fine powder

without any treatment and stored for future usage.

Graded levels of the raw and fermented sorghum grain

powder were then incorporated into the feed

composition as shown in Table 1. Known quantities of

the different ingredients were blended together and

passed through a 4mm die using a small hand

Pelletizer. After pelletizing, the feeds were sun dried to

reduce moisture level to an average of 10%.

Five experimental diets were prepared, a control

diet without sorghum (diet 1) while diets 2 and 3 had

25% and 50% raw sorghum (RS), diets 4 and 5 equally

had 25% and 50% fermented sorghum (FS) as subtitute

for maize (Table 1). 

Experimental Fish, Water Supply and Feeding: The

Clarias gariepinus juvenile obtained from the university

farm were acclimatized for 14days within the

nutritional laboratory unit of the University of Lagos

Nigeria. During the period of acclimatization, the

juveniles were fed with 2mm size Coppens feed (45%

CP; 15.9 MJ/kg). The fish were allocated (7 fish per

tank and 3 replicate per treatment) on the basis of

similar body weight using a digital scale (Camry

EK5055 Max. 5kg/11lb d=1g/0.05oz) to 15 transparent

plastic tanks with dimension (52.5cm x 33.5cm x

21cm) for the  growth trials. Prior to  the

commencement of the feeding trial, the fish were

starved for one day to empty their gastro intestinal

tract. Each of the diets was fed at 3% body weight

thrice daily (9:00h, 13:00h and 17:00h) to satiation.

Excess feed was siphoned an hour after every feeding,

dried and weighed to estimate the actual feed intake

per week. All the fish in each tank were batch weighed

on weekly basis after which the mean body weight was

determined and rations adjusted accordingly to the new

weight. Each tank was monitored for survival and

water quality parameters.

Data Computation: The growth parameters were

expressed as weight gain, relative weight gain, and

specific growth rate. Nutrient utilization indices were

expressed as voluntary feed intake, feed conversion

ratio, protein efficiency ratio. These growth and

nutrient utilization parameters were calculated thus;

f iMean Weight Gain (MWG) = W -W     

fWhere: W  = Final average weight,

iW  = Initial average weight (g)

xRelative Growth Rate (RGR) = Weight gain     100

          )))))))))

        Initial body weight

Specific Growth Rate (SGR)

e 2 1    x    = (Log  W  – Log W ) 100

)))))))))))

T

1Where:W          = Weight (g) at stocking

2W  = Weight (g) at the end of the experiment,

T = Duration of experimental days

eLog  = Natural logarithms

Voluntary Feed Intake (VFI) (%) = 100 x FI

)))))))

i f[(W  + W ) x T]

fWhere: FI = Feed Intake,W  = Final average weight (g)

iW  = Initial average weight (g),T = Number of days

Feed Conversion Ratio (FCR) =   Feed Intake (g)

))))))))))

Fish weight gain (g)

Protein Efficiency Ratio (PER) = Weight gain (g)

))))))))))

Protein intake

Where: Protein Intake = Feed intake x Crude Protein

of feed

The cost was based on the current prices of feed

ingredients in the experimental locality (Nigeria) as of

the time of purchase. The economic evaluations of the

diets were calculated from the method of New  as:[12]

Net Profit (NP) = Sales – Expenditure

Statistical Analysis: The experimental design was a

randomized complete design. The statistical analysis

was done with Statistical Analysis System, SAS

package . All data collected were subjected to one[16]

way analysis of variance (ANOVA). Comparisons

among treatment means was carried out by Duncan

Multiple Range test  at a significance level of 0.05.[6]

RESULTS AND DISCUSSION

The physico-chemical parameters of the culture

tanks during the experimental period are as follows,

temperature ranged between 27.4°C and 28.9°C, with

a mean of 28.2±0.6°C; dissolved oxygen ranged

between 4.0 and 6.1 mg/L with a mean of 5.1±0.5

mg/L, while pH ranged between 6.4 and 8.2 (mean 7.3

± 5.0). These physico-chemical parameters were within

the limits acceptable for Clarias gariepinus culture .No

mortality was recorded during the experimental period.
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The proximate composition of the raw and
fermented sorghum is shown in Table 1, the crude
protein,energy and carbohydrate values increased while
the ether extract, ash and crude fibre values decreased
from the the raw to the soaked samples.

The experimental diets were formulated to be
isocalorific and isonitogenious. There was no
significant difference (P<0.05) in mean initial weight of
fish cultivated and the mean weight gain and other
growth parameters measured were not significant
between the control and other experimental diets
formulated. 

The feeding trials revealed that C. gariepinus
responded to all the diets, resulting in weight increase
(Table 2).  The growth rate, specific growth rate  and
feed conversion efficiency were not significantly
affected by different levels and processing of the
sorghum meal (P<0.05). The highest values of mean
weight gain, relative growth rate and specific growth
rate (81.48g,77.07% and 0.82 respectively) was
recordeed for the 50% fermented sorghum and the least
value of (60.28g,71.40 and 0.70) was recorded for the
25% fermented sorghum. 

Comparison of raw and fermented sorghum as test
ingredients at the same level of inclusion showed no
level of significant difference, but the fish on 50%
inclusion perform better than 25% inclusion in terms of
fermented sorghum while fish on 25% inclusion
performed better than 50% inclusion in terms of raw
sorghum diet. The highest net profit value N1224.10
was reported for the control diet while the lowest net
profit value N666.90 was recorded for diet 3.

Discussion: The physico-chemical condition of the
experimental fish are within the limit tolerable by
African catfish and are within the limit stated by
Olurin [14].

The major source of metabolisable energy in most

compounded diets for fish and livestock is maize but

it has become eminent that other carbohydrate sources

should also be used. Dietary carbohydrate sources

already fed to some specie of fish include cassava,

cocoyam, maize, sorghum, wheat, rice and barley .[18]

Diets used in fish farming contain highly variable

amounts of carbohydrates depending on the cultivated

species. Even within fish species we find carbohydrate

content of diets varying substantially.

The increase in weight of fish fed graded levels of

sorghum seed meal indicated that the diets were

nutritionally adequate to support growth of Clarias

gariepinus. Non significant difference in the growth

and nutrient utilization of fish fed graded levels of

sorghum meal is similar to the findings of Olurin ,[14]

when they fed graded levels of cassava meal to African

catfish. Although the control diet had the highest

growth rate but this was not sinificantly different from

the other experimental diets.Contrary to the expectation

that the digestibility of starch decreases with inclusion

level (5 and 7), best growth performance and nutrient

utilization was found at 50% fermented sorghum seed

meal (FSSM) dietary treatment. This indicated that

sorghum seed meal can substitute for maize in fish and

other animals’ diet. Similar confirmation of the

suitability of sorghum seed meal was established by to

the work of Karimian , which showed that sorghum[9]

can replace maize in the diet of layer quail uptill 40%

inclusion level without adverse effect on growth and

nutrient utilization.

Table 1: Proximate Composition of  Experimental Test Ingredients.

Raw Sorghum Fermented Soaked

Dry M atter (%) 89.73 92.10

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Crude Protein (%) 10.90 11.30

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ether Extract (%) 3.20 3.00

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Crude Fibre (%) 2.30 2.20

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Carbohydrate (%) 73.00 78.00

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ash (%) 1.60 1.40

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Energy (Kcal) 329.00 331.00

Table 2: Composition of  Experim ental Diets

Ingredients Control 25% RS 50% RS 25% FS 50% FS

Fishmeal (72%) 25 25 25 25    25

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Soybean M eal (SBM ) 36 36 36 36   36

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M aize 35 26.25 17.5 26.25   17.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 2: Continue

Raw test ingredient - 8.75 17.5 -    -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fermented  test ingredient - - - 8.75   17.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ethionine 0.25 0.25 0.25 0.25   0.25

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dicalcium phosphate (DCP) 2 2 2 2   2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Oil 1 1 1 1   1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lysine 0.5 0.5 0.5 0.5   0.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Salt 0.25 0.25 0.25 0.25   0.25

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total 100 100 100 100 100

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Crude Protein (%) 36.62 36.69             36.78            36.73   36.85

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Carbohydrate (%)                39.87        39.96             40.05           40.40   40.92

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lipid (%)                             4.785        4.715             4.645           4.69       3.98

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Energy (Kcal)                       349.05      349.15           349.35       350.68  347.4

Table 3: Performance of Clarias gariepinus juveniles fed different carbohydrates levels.

PARAM ETERS CONTROL 25% RSSM 50% RSSM 25% FSSM 50% FSSM SEM

M ean Initial Weight (g) 24.13 24.20 24.07 24.10 24.07 ±0.011

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ean Final Weight (g) 93.14 90.22 96.72 84.38 105.53 ±2.295

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ean Weight Gain (g) 69.01 66.02 72.66 60.28 81.46 ±2.274

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Relative Growth Rate 74.089 72.948 73.796 71.396 77.068 ±1.334

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Specific Growth Rate 0.75196 0.73037 0.75922 0.69725 0.82139 ±0.007b bc b c a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Feed Conversion Ratio 1.7580 1.7471 2.0497 1.6609 1.7455 ±0.214

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Voluntary Feed Intake 1.3259 1.2764 1.4931 1.1818 1.4000 ±0.072

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Protein Intake (%) 4484.8 4205.0 5080.4 3717.0 5265.6 ±55.230

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Protein Efficiency Ratio 0.015472      0.015763      0.014350 0.016205      0.016197      ±0.000012

Better results were obtained in the mean weight

gain of fish fed 50% FSSM and 50% RS (raw

sorghum) when compared to that of the control diet.

This means that the diets with the highest inclusion of

sorghum seed meal give the best growth performance.

This is in accordance with the work of Al-Ogaily[2]

who reported that the best growth performance was

recorded in sorghum based diets as compared to rice,

wheat, millet, maize and barley based diets, in a study

to evaluate effect of feeding different grain sources on

the growth performance and body composition of

Oreochromis niloticus. Though not significant the 50%

inclusion of fermented sorghun gave better mean

weight gain and feed conversion ratio in comparism to

the 50% raw sorghum,difference in values obtained

could be due to processing effect which resulted in

improved starch digestibility as earlier confirmed by

Allan  and Booth . Processing conditions vary widely,[1] [4]

and comprise dehulling, concentration, heat treatment

in pellet press or extrusion, heating under wet or dry

conditions and fermentation among others. Fermentation

process leads to increased protein content, reduced anti-

nutritional factors and breakdown of complex sugars

(carbohydrate) into simpler sugars.

Non starch polysaccaharides are constituent of

grains, soybean meal and other fish ingredients,rather

than supply nutrients they may reduce utilization of

o the r  nu tr ie n t s  a n d  the re b y  a c t  as  a n t i -

nutritient.Insoluble fibre tends to increase transit rate

whereas soluble fibres slow the rate of passage for the

digesta. Increased transit rate decreases the time

available for nutrient digestion and would be expected

to restrict nutrient utilization . The above explanation[15]

could probably be responsible why most of the diets

with the fermented sorghum had better performance

than the  raw  sample even at same inclusion level.

Maize is very similar to sorghum in term of

nutrient composition but the present of anti-nutrition
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factor like tannin in sorghum could affect it utilization

by animals. Despite this fact the inclusion of sorghun

even at higher inclusion rate did not give a poor result.

According to Krogdahl  there could be the possibility[10]

of positive effects of combining starch sources. The

capacity of the digestive tract for carbohydrate

digestion and absorption appeared to be utilized to a

greater extent when fed the mixed starch sources than

when fed only a single source. Hence, starch

digestibility also varies depending on the combination

of starch sources in the diet.
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