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ABSTRACT. This study evaluated the effect of different levels of 

DC-cellulose on the growth performance and body composition of 
Oreoehromis nilotieus. Five isonitrogenous and isocaloric diets 
containing 0, 3, 6, 9 and 12% of DC-cellulose were prepared and fed to 
fingerling Oreoehromis nilotiells (average weight 11.74 ± 0. 19 g) for a 
period of 39 days. Significant differences (P < 0.05) were observed in 
the weight gain, specific growth rate (SGR), feed conversion ratio 
(FeR), and protein efficiency ratio (PER) of fish fed different levels of 

DC-cellulose. The diet containing 3% cellulose showed the poorest 
weight gain, SGR, FeR, and PER values as compared to all other diets 
whereas the best values were observed for the diets containing 9 or 
12% cellulose. Increasing the level of cellulose from 9 to 12% in the 
diet did not produce any further signi ficant (P > 0.05) beneficial 
effects. The level of cellulose in the diet did not affect (P > 0.05) the 
feed intake or the condition factor (k) of fish . Supplementation of 
cellulose at 6% level in the diet produced simililr results (P < 0.05) ilS 
compared to that of a diet without cellulose. The increaseing level of 
cellulose in the diet increilsed body moisture and decreased crude 
protein and fat contents of fi sh. It may be concluded from these results 
that cellulose at a level of 9% in the diets of Oreochromis niloticus can 
improve their growth performilnce, FeR and PER and wi II produce 
leaner fish as compared to those without cellulose. Higher levels of 
cellulose may not have any further beneficial effects. 
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Ce Ilulose fi bre traditionally represents a typical fi lIer material to balance the 
nutrients in experimental diets. It is a water insoluble dietary fibre and is generally 
assumed to be a nutritionally inert substance. Dietary fibre has, however, been 
reported to affect the digestibility and absorption of several nutrients including 
proteins and minerals (Southgate and Durnin 1970, Shah et at. 1982, Ward and 
Reichert 1986). The inclusion of ce.llulose in fish diets also increases the stomach 
emptying time (Hilton et at. 1983). The use of wide ranges of concentrations of 
cellulose and hemicellulose as diluents in experimental diets has obscured the true 
requirement for nutrients by altering the physiological responses of fishes to 
nutrients (NRC 1981). 

Buh IeI' and Hal ver (1961) reported that small amounts of oc-cellulose had a 
beneficial effect on growth and protein utilization in chinook salmon (Oncorhynchus 
f.IChawYfscha) but the larger amounts had an adverse effect. Addition of cellulose at 
() or 9% levels in the diets of Japanese eels (Anguilla japonica) did not noticeably 
affect their growth (Arai ef at. 1971). Inclusion of carboxymethylcellulose (CMC) 
up to 12% (Morita ef at. 1982) and cellulose at a level of 10% (Kono et at. 1987) in 
the diets of red sea bream (Chrysophyrs major) improved their growth and feed 
efficiency, whereas the control diet containing I % cellulose caused a decline in 
growth . Hilton et at. (1983) concluded that for rainbow trout (Oncorhynchus 
I11vkiss) , the dietary fibre level should be less than 10%. Anderson et al. (1984) 
reported that a cellulose level above 10% is not desirable in the diets for 
Oreochromis niloticus. Dioundick and Stom (1990) observed that tilapia 
(Oreochromis mossambicus) fed with 10% cellulose supplemented'diet exhibited 
depressed growth similar to fish fed a cellulose free diet. Shiau et at. (1988) 
observed significantly poorer feed conversion rates when carboxymethylcelluJose 
was increased over 2% in the diets of hybrid tilapia. 

Further studies are required to elucidate the physiological role of dietary 
cellulose and its nutritional effects in various fish species. The present experiment 
was conducted to evaluate the effect of feeding different levels of oc-cellulose on the 
growth performance and nutrient uti I ization in Oreochromis niloticus. 

Materials and Methods 

Oreochromis niloticus with an average weight of 11.74 ± 0.19 g were collected 
from the fish hatchery of King Abdul Aziz City for Science and Technology 
(KACST) Deerab, Riyadh. To determine their initial body composition, 30 randomly 
selected fish were killed immediately and after recording their body weight and 
length, were stored at -30°C for the proximate analysis at a later stage. One hundred 
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and fifty fish were then randomly divided into 5 different groups with 3 replicates 
containing 10 fish in each replicate. The fish were kept in glass aquaria (100 x 42.5 
x 50.0 cm) containing well aerated tap water having an average temperature of 28 ± 
I °C and fitted with a waste filtration system. Compressed air maintained the oxygen 
supply. Regular monitoring of water quality was carried out for temperature, pH, 
di ssolved oxygen, ammonia, nitrite and nitrate levels. These parameters were kept 
within the tolerance limits for Oreochromis niloticus. 

Five isonitrogenous and isoenergetic experimental diets containing 0, 3,6, 9 or 
12% of DC-cellulose were prepared through the extrusion process using a sieve of 2 
111111 dia (Table I). The proximate chemical composition of the diets is given in Table 
2. The diets were dried at 600C and then stored at -1 SOC throughout the 
experimental period. Each diet was randomly allotted to 3 replicates in different 
groups in a completely randomized design. The diets were offered twice daily at 
about 3% of body weight. The feed offered was adjusted every fortnightly in relation 
to body weight of fish and the intake was monitored closely depending upon the 
acceptance and rejection of feed offered . The daily feed intake and fortnightly 
weight gains were recorded. The experiment lasted for 39 days. At the end of the 
experimental period all the fish were killed and their body weight and length were 
recorded. To determine their carcass composition, the fish were cut into pieces and 
minced through a meat mincer. The homogenized samples were immediately frozen 
at -30 °C for further analysis. The proximate chemical composition was determined 
according to the methods of Association of Official Analytical Chemists (1984). The 
gross energy content of fish was calculated from the fat and protein contents using 
equivalents of 39.54 MIIKg crude fat and 23.64 MIIKg crude protein (Kleiber 
1961 ). 

Feed conversion ratio (FCR), specific growth rate (SGR), condition factor (k), 
protein efficiency ratio (PER) and net protein retention (NPR) were calculated as 
follows: 

Feed conversion ratio =Kg feed consumed per Kg weight gain . 
Specific growth rate (as percentage of body weight gain per day) 
= 100 [In final wt.(g) - In initial weight (g)]/time (days). 
Protein efficiency ratio =liveweight gain (g)/protein consumed (g). 
Net protein retention = [increase in carcass protein / protein fed] x 100. 

The condition factor (k) was calculated according to the equation k ([W(g)/L 
(cm)1] x 100, where W is the wet weight of the fish in grams and L is the length in 
centimetres. The data were statistically analysed using one way analysis of variance 
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technique unc! the means were compured by Fisher's LSD test uccorLiing to Snedecor 
anc! Cochran (1989). 

Table 1. Composition of the experimental diets (%) 

Ingredients 
Diets 

A B C D E 

Fish meal 41.00 41.00 41.00 41.00 41.00 

Soybean meal 15.00 IS.OO IS.OO IS.OO IS.OO 

Maize 20.00 20.00 20.00 20.00 19.80 

Cod liver oil 02.00 02.00 02.00 02.00 02.00 

Corn oil 02.00 03 .30 04.60 OS.90 07.20 

Dextrin 17.00 12.70 08.40 04.10 00.00 

cx - Cellu lose 00.00 03 .00 06.00 09.00 12.00 

Mineral mixture' 02.00 02.00 02.00 02.00 02.00 

Vitamin mixture2 01.00 01.00 01.00 01.00 01.00 

Total 10000 100.00 100.00 100.00 100.00 

'Pel' Kg of the premix contains: CaHP04, S30g; K2HP04, 80g; Na2HP04, 90g; MgCI'2' 6H 20. 
I (JOg ; KCI, 67.Sg; K2S04, 80g; NaCI. 30g; KI , O.OSg; ZnS04.7H20, 2.Sg; Se02. O.03g; 
CuS04.SH20, O. ISg; FeS04.7H20, 18g: (NH4)6M07024.H20. 0.01 g; MnS04.H20, O.Sg; NaF. 
1.2g: CoCI2.6H20 . O.Olg. 

2Per Kg of the premix contains: Vitamin A. 400.000 I.U.; D,. 200.000 I.U.; E. 5000 I.U.; K,. Ig; 
B ,. 1 g; B2, I.Sg; B6• 1g; Pantothenic acid. Sg; Niacin, 3g; Folic acid. O.Sg; B '2. 2mg; Biotin, 
I ()()mg: Vitamin C. 20g; (adopted from Lim 1989). 
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Table 2. Proximate chemical composition of fish diets (on % dry matter basis) 

Parameters 

Diets 

A B C D E 

Dry matter (%) 94.38 94.69 95. 18 95.63 95.42 

Crude protei n 37.70 36.83 37.82 37.99 37.29 

Crude fib re 01.88 03 .72 06.31 08.57 11.34 

Tot8 1 j"ill 0792 09.59 10.23 J 1.38 12.62 

A sh 11 .36 11 .85 11.7 1 JO .95 10.91 

Nitrogen r'ree extract 41.1 4 38.01 33.93 31. J 1 2784 

Gross e nergy (MJ /Kg) 19.09 1900 I 18.80 18.81 1856 

Results 

The data on the growth performance of Oreochromis tiiloticus fed different 
level s of oc-cellulose is presented in Table 3. FOl: wei ght gai n, the differences 
between the diets containing 3 or 6%, 6 or 9% and 9 or 12% cellulose were non­
significant (P < 0.05). The diet containing 3% cellulose showed the poorest (P < 
0.05) weight gain. The spec ific growth rate of fish fed different levels of cell ulose 
differed (P < 0.05) and the best SGR was observed for the diet containing 9 or 12% 
cell ulose. The diet containing 3% cellulose showed the poorest SGR values. The 
level of cellulose in the diet did not affect (P > 0.05) the feed intake of fi sh . 
Similarl y the condition factor of fish was not affected (P > 0.05) by the level of 
cellul ose in the diet. 

Although the increas ing level of cellulose improved the feed conversion ratio 
(FCR), the differences between the diets containing 3 or 6% and 9% or 12% of 
ce llulose were non-significant (P < 0.05) . The best FCR values were observed for 
the diet containing 9 or 12% cellulose whereas the diet containing 3% of cellulose 
showed the poorest results. Increasing level of cellulose (up to 12%) in the diets 
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appeared to improve the efficiency of protein utilization . However, non signifi cant 
di ffe rences (P < 0.05 ) were observed among the PER values for the diets con tai ning 
:;, or 6% and 9 or 12% o f cellulose. Although similar trends were observed for the 
net protein retention values, the results did not differ significan tly (P > 0.05). 
Supplementation of cellulose at a 6% level in the diet produced similar resul ts as 
cO J11pMed to that of a diet without ce llulose . 

Tahle 3. 	Effect o f leeding different levels of ce llulose on the gro wth perform,lnce ot· Or('()cliroll1is 

lJi/OlicLls 

Parameters 

Diets 

A B C D E S.E.* 

In i ti ;Ii we ight (gilish) 11 .98 I 1. 8 1 I U6 1151 11.86 ± O.18 NS 

l·ill;11 we ight (gltish) J 1.56"h 30.04hc J07 I h, 3 1.72;lh Y2.O~;; ' ± 0.88 

T ot;Ii II (i .~llt ga in (glfish) 1958b IS.23' 19. 15hr 20.21 ;il1 20 .82;1 ± O.7R 

Sp,·, ·i fi c growth rnte (SGR) 24Sb 2.39c 250b 26(}1 2()(}' ± 0.05 

COlldi tioll factor (k) 306 3.21 1,27 1,. 1() 3.25 ± O.29 NS 

TIlt,Ii Iccd conslimed (g/fish) 23.9 1 23. 91 23.91 22.99 22.99 ± OOOI~S 

I-·,·~·d conversion ratio (FCR) 1.22h 1.1, l a 1.25;il1 I. 14' I . I ()' ± 0.05 

1'J"()tei Il dlic iellcy ratio (PER) 2.29h 2.19'" 2.22hc 242;1 2.54" ± (l.O9 

Net pru tci ll retention (NPR) 29 .38 27. 64 27.64 29. 28 29.65 ± 1.21 NS 

,. = Pooled standard error. 

NS = l\)ull -sigllifi ca nt. 

a h.c =Difrcrent letters in the same row me<lns significant ,11 5%. 

The data on the proximate chemical composition of fis h are presented in Tabl e 
4. Significant differences (P < 0.05) were observed in the moisture, fae crude pro tein 
dl1ll g r(lSS energy contents of fish fed different le ve ls of cellulose. The body moisture 
w nte nl increased w ith increasing leve l of ce llulose in the diet and the hi ghe st value 
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was observed for diet containing 12% cellulose. Non significant differences (P < 
0.05) were observed in the body moisture content of fish fed diets containing 3, 6, or 
9% cellulose. The crude protein and fat contents of fi sh decreased with increasing 
levels of ce llulose in the diets. The diets containing 3, 6, or 9% of cellulose did not 
differ (P > 0.05) . Similar results were observed for the gross energy content of fish. 
The inclusion of cellulose (up to 12%) in the diets did not affect (P > 0.05) the body 
ash content. 

Table 4. Data on the body composition of Oreochromis nilolicus fed different levels of ce llu lose 
(on % wet basis) 

Parameters 
Diets 

A B C D E S.E.* 

Moi sture (%) 76.I Oc 76.82b 76.46bc nl6b 77.98" ± 0.46 

Crude protein 13 .99" 13.97" 13.86ob 13.54bc 13.22c ± 0.27 

Totnl fat 3.85" 3.3 7b 3.4l b 3.37b 2.nc ±O.20 

Ash 4.79 4.52 4.68 4.43 4.48 ± O.22NS 

Gross energy (MJ /Kg) 4.82" 4.63b 4.62b 4.53b 4. 19c ±O. l I 

I = Composition of fish slaughtered at the begining of the experi ment (moisture, 71 .0 I %: crude 


protein. 15.98%: total fat , 6.25%, ash, 4.57% and gross energy. 6.24 MJ/Kg ). 

;:; =Pooled standard error . 


NS =Non-s ignificant. 


a .b.e =Different letters in the same row means significant at 5%. 
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Discussion 

Purified cellulose and hemicellulose have been considered as practically 

indigestible for some fish species like rainbow trout and carps (Bergot 1993, 

Schwarz and Kirchgessener 1982). Viola and Arieli (1983) reported that a partial 

utilization of cellulose in the digestive tract of tilapia can be regarded as possib le. 
The digestion of cellulose and other higher molecular weight polysaccharides 

emphasizes the importance of intestinal bacterial flora which assist in digesting these 
materials. According to Viola and Arieli (1982), the long digesti ve tract of ti Iapia 

allows the establishment of a polysaccharide decomposing microflora of fairly high 
efficiency, capable of utili zing cellulose alongwith other carbohydrates. Hi gh 
numbers of aerobes, facultative anaerobes and obligate anaerobes have been found in 

the intestine of tilapias (Oreochromis niloticus; O. mossambicus) (Sakata et at. 
1980a,b, Sugita J982a,b), which may explain the digestion of cellulose and similar 

apparently indigestible food ingredients by this fish. Although no cell u loy tic acti vi ty 
was found in the extracts of pancreas and intestine of common carps (Cyprinus 
carpio), a considerable digestion of cellulose was observed by thi s fish in in-vivo 
experiments (Bondi and Spandorf (954). The cellulose activity in fi sh most probably 
o riginates from the alimentary tract microflora rather than from cellulose secreting 
cells within the fish (Stickney and Shumway 1974) . Stickney (1975) reported that 

the cellulose production in fish is independent of food habits. Similar findings were 
reported by Lindsay and Harris (1980), that the celluloytic activity in the digestive 

tract of fish does not depend upon the ingestion of cellulose. Das and Tripathi 

( 1991), who observed the presence of both endogenous and bacterial cellulose in 
grass carps, reported that the pattern of distributio n of digestive enzymes depended 

on the type of diet ingested by fish. 

The p resence of cellulose activity in the gastrointestinal tract a t' fish suggests the 
necessity for providing cellulose as a dietary ingredient for fish . Buhle r and Halver 
(196 1) reported that small amounts of oc-cellulose had a beneificia l effect on growth 
an d protein utilization in Oncorhynchus tschawytscha (chinook salmon) whereas 
large r amounts had an adverse effect. D ioundick and Stom ( J 990) concluded that the 
absence of cellulose in the diets of juvenile tilapia (Oreochromis mossambicus) is 
just as undesirable as its surplus. They reported that the best growth rate, survival, 

FeR and PER were obtained with 2.5 to 5% of supplemented cellulose. They also 
concluded that the trend for growth depression inti lapia fed 7.5 to 10% 
supplemented cellulose was associated with increased fibre content of the diets. In 
their diets, corn starch was substituted with equal amounts of oc-cellulose which 

caused a proportionate decrease in the energy content of diets. The decrease in fish 
growth observed might not only have been due to higher fibre content but might also 
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have been because of reduction in the digestible energy content of diets . The diets 
used in the present study were isonitrogenous and isocaloric and differed only in the 
level of cellu lose (0, 3, 6, 9, and 12%). The results of the present study agree with 
the findings of Arai et al. (1971), Hilton ef al. (/983) , Anderson el al. (1984), Kono 
ef al. (1987) and Fi hlo et al. (1994), who reported that crude fi bre up to a level of 
10% in fish diets can improve growth and feed efficiency. Anderson et al. (1984) 
concluded that a cellulose level above 10% is not desirable in the diets of 
Ore()chromis ni/olieus. As elevated crude fibre content exerts a negative effect on 
the (Iigestibility of nutrients (Kirschgessener et al. 1986), at higher levels of dietary 
fibre, the nutrient requirements for rapid growth cannot be satisfied. A complete 
absence of crude fibre from fish diets, has been regarded as unfavourable (Hartfiel 
1983). Although an explanation for the poor growth rate, FCR and PER on diet 
containing 3% cellulose as compared to that without cellulose and improved growth 
performance, FCR and PER on diet containing 9% cellulose, observed in the present 
study can not be gi ven , it is assumed that the 3% level of cellu lose in the diet might 
not have been enough to activate the proper growth and establishment of intestinal 
microflora. The cellulose activity in fish probably originates from alimentary tract 
microflora (Stickney and Shumway 1974), the presence of which may be influenced 

by dietary means (Onarheim 1988). Similarly, the pattern of distribution of digestive 
enzymes in fish has also been reported to depend upon the type of diet ingested (Das 
and Tri path i 1991). 

The body composition of fish is primarily influenced by diet composition, 
feeding practices, fish size, and can be controlled through nutrition (Burtle 1990) . 
The results of the present study indicated that the level of cellulose in the diet 
a ffected the moisture, crude protein and fat contents of fish. Anderson et al. (1984) 
observed that the addition of cellulose in the diets of Oreoehromis nilotieus impaired 
their bo(ly fat content. Shiau et al. (1988) also reported significantly lower lipid 
contents in tilapia (Oreoehromis mossambieus) fed diets containing 6, 10 and 14% 
of carboxymethyl cellulose (CMC) as compared to those fed 2% CMC. On the 
contrary, Leary and Lovell (1975) reported that the level of crude fibre in the diet 
had no effect on the chemical composition of channel catfish . A similar conclusion 
was drawn by Davis (1985) . The whole body moisture content is inversely related to 
body lipid and decreases or increases as the lipid is stored or utilized (Shearer 1994). 
Although the reasons for the lower body fat and protein and higher moisture contents 
of fish on cellulose diets are not clear, it is hypothesized that the dietary cellulose 
might have influenced the process of lipogenesis. Some types of dietary fibres have 
been reported to modify the absorption of carbohydrates resulting in a flattening of 
post prandial glucose and insulin responses (Jenkins et al. 1978). Carcass fat plays 
an important role in consumer's acceptance and is related to dietary fat intake, off 
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flavours fWIll rancidity, shelf life and appearance. The effect of dietary fibre on the 

producti on of leaner fi sh requires further study . 

It can be conc luded that cellulose up to a level of 9% in the diets of 

Orl!l)chromis niloticus may improve their grow th performance, FeR and PER and 

will produce leaner fi sh as compared to diets without ce llulose. Higher levels of 

cellulose ( 12%) may not have any further beneficial effects . 
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