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ABSTRACT

. Heterobranchus longifilis fingerlings (3.12 + £.01g) were fed nine practical diets with protein /energy combination ranging
from 34.26 to 45.84% crude protein and 450 and 500 kcal/100g gross energy for 56 days. Diets were formulated with locally
available ingredients such as groundnut cake, toasted soybean (Glycine max Linn Merrill ), fishmeal (Peflonulia afzeluisi) and
guinea corn (Sorghum sp). All nine diets fed to H. fongifilis resulted in the fish growing positively. The rearing was carried out in a
mini flow- through system consisting of 27troughs of 26.4 litres water capacity.  The digestible protein requirement of 27.04% for
the fish was obtained when weight gain was regressed with digestible protein using polynomial third order solid curve. The
digestible lipid requirement of 15.05% was obtained when weight gain was regressed with digestible lipid in a polynomial third order
solid curve. The ratio of digestible protein to digestible lipid of 2.475 was obtained from a polyniomial third order solid curve of
weight gain against the ratio of digestible protein to digestible lipid.
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INTRODUCTION

Digestibility measures the proportion of nutrients
assumed to have ‘been absorbed by. the gut mucosa by
quantifying the nutrients ingested and those voided in the
faeces (Fagbenro, 2001).

.- The proportions of nutrients in the diet have an effect on
digestibility. Page and Andrew (1973) indicated that
-decreased protein digestibility occurred in channel catfish
when the’diet had high levels of carbohydrates. High level of
fibre in diet (10%) can inhibit lipid digestibility (Kurzinger et
al. 1986). 1t is important when developing experimental diets
to ensure that the addition of an ingredient does not alter
digestibility values and other dietary components. (Appleford
and Anderson 1997). Appleford and Anderson (1997)
stressed that it is necessary to determine the digestibility of
dietary ingredients because when they included 15% tuna ail
to a range of diet the digestibility became lower than 10%
inclusion levels.
Kurzinger et al. (1986) found that lipid content was
significantly different for faeces remairing in the static
: aquarium water for 10 minutes and 24 hours. Anderson
d 1988) noticed that digestibility of higher lipid diets decreased
%dand concluded that leaching did not have confounding effect
on the determination of lipid digestibility. Encarnacao and
Bureau (2000) stated that soybean, corn gluten meal, bone
meal, feather meal, poultry by- product meal are very usefui
in formulating cost- effective diets provided their digestible
composition and requirements of the fish are well- defined.
Various studies have demonstrated that as meal size
increases absorption efficiency decreases (Solomon and
Brafield 1972). in order for a particular diet to be adopted by
farmers there should be assurance that the nutrients are
highly digestible to affect growth and heaithy rearing.

According to Fagbenro (2001), digestibility
-estimation can be done directly or indirectly. According to
Maynard et al. (1979) and Bondi (1987), Cr 03 is
bicchemically inert. Two levels (0.5% and 1.0%) are
commonly utifized in digestibility studies but chromic axide is
the most widely used.

Fagbenro (2001) citing Furukawa and Tsukahara
(1966); Austreng et al. (1979), De Silva et al. (1990) reported
the use of endogenous markers.  This study sefs out to
use endogenous marker, the siliceous materials in the diets
to determine the digestible protein, digestible lipid and the

ratio of the digestible protein and digestible lipid of .

' fongifilis.

MATERIALS AND METHODS

Practical diets and experimental design .
H. longifilis fingerlings (3.12 + 0.01g) producet’ by

induced breeding in the genetic laboratory of Nationat.

Institute for Freshwater Fisheries -Research, New Bussa,
were acclimatized before being distributed: 15 fingerlings per
26 litres of water in 27 separate plastic troughs in a mini flow
through system .The mini flow- through system was supplied
with bio- filtered water from an impounded water reservoir
using an overhead tank. Nine diets were tested in triplicate
plastic troughs: -diet | 34.26/500 kcal, diet I} 35.20/450 kcal,
diet Wl 36.27/450 kcal, diet IV 37.08/450 kcal, diet V
40.58/500 kcal, diet VI 41.53/450 kcal, diet VIl 41.53/500
kcal, diet Vil 43.36/500 kcal and diet IX 45.84/500 kcal.
These nine diets were the only combinations derived from
the equation method of feed formulation. The protein/energy
levels in the diets, the composition and proximate analysns of
the test diets are presented in Table 1.

The faecal matter for each diet treatment was
coliected every 3 hours after feeding and siphoned into

Whatman filter paper held in a funnel. Proximate analysis for

the faecal matter is presented in Table 2 showmg acid
insoluble ash for digestibility studies.

Rearing, chemical and statistical analysis
In all the treatments feeding was done at 5% of the

“body weight of fish for daily ration. Each ration was divided

into three equal portions, which were distributed at 8.0C
hours, 13.00 hours, and 18.00 hours for 56 days. Sampling
was done by bulk weighing of the fish fortnightly. Feed
quantities were adjusted according to the mean weight of the
fish per trough. The troughs were cleaned an hour after
each feeding and complete exchange of water was done on
sampling days. Since the experimental set-up is a mini-flow-
through system there was a continuous flow of water in and

out the troughs throughout the experimental period except -

when there was occasional erratic power supplies. At the
beginning and end of the experiment 5 fingerlings were
collected from each treatment for proximate carcass
composition. using established method of AOAC (1990)
Some water quality parameters hke water temperature PH,
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;l'al:le 1: Ingredients and proximate compositlon of diets containing varying ratios of protein energy fed to M. longifilis
g/100g)

- | Diets e “(9) lll(g) V(g) V(g) Vi(g) Vii(g) Viiiig) IX(g)
Ingredients ' . : e
Soybean -, ‘ . v , '

(Toasted) 2291 192 140 2179 22.35 0.29’ 0.85 21.24 20.68

1-Groundnut ] ,
| Cake 2291 192 1.40 « 21 79 2235 029 085 2124 20.68
Fish meal

(P. afzeluisi) 22.62 45. 72 50.40 32 17 2740 60.04 5527 36.94 . 41.72
| Guinea corn

- |(Sorghorm : ‘ ‘

s |'sp) 27.57° 4636 4270 2025 2391 3539 39.04 16.59 41.72
Premix Co o

(vitamin and o
minerat) 2.00 200 200 2.00 2.00 200 200 2.00» 2.00’

Binder

(cassava. : : ! .
starch) 200 200 200 200 200 200- 200 - 200 200

- Proximate composition of diets (% as fed)

Moisture  6.40 4.50 6.37 6.50 671 - 661 689 682 670

Protein 3426 3520 3627 37.08 4058 41.53 4153 - 4336 4584 -
Lipid 20.18 1321 13.00 1400 2202 1250 1963 1964  20.95

Ash -5.69 5.88 743 731 666 558 573 7.01 7.64

Crude fibre 10.53 3.77 600 2800 7.34 2404 1028 17.86 - 1333,

Acid : S,

Insoluble

Ash 050 0.50 0.50 0.50 050 050 050 050 050
Energy : . C

Kcal/100g 500 450 450 450 500 450 500 500 500
Protein : ’

| Energy ratio v ,

PIE 0076 0078  0.08 0082 0.081 0092 0.083 0.087 009

- BIOMIX VITAMIN AND MINERAL PREMIX (mg)

Folic acid mg 800 4.00 . Vitamin B12 mg 10.00 0.05 Biotin mg 160.00 0.80
Chloride mg 120 600 : lnosttol mg 40 200 Panthothenic acid mg 10,000.00 60.00
Betaine mg 40 200 Cobalt mg 400 2.00 Niacin mg 30,000 155.2
ron mg 8000 40.00 lodine mg . 1000 40.00 ’ ,
Manganese mg 6000 30.00 Copper mg 800 4.00
Zinc mg_ 800 40.00 Selenium mg 40.00 0.20

Methionine mg 20,000 100.00  Antioxidant mg 20,000.00 100.00
Vitamin C mg 4000 20,000.00 Vitamin D3"mg 400,000.00 2000.00
Vitamin B1 mg 4000.00 20.00 Vitamin K3 mg 16000.00 8.00
Vitamin B6 mg 2,400.00 12.00 Vitamin B3 mg 6000.00 30.00

Table 2: Percentage proximate composmon of faecal material collected from H. Iongililis fed varying ratios of protein

energy
Dfets fed/protein -Crude protein k Lipid - k Ash Aﬁd ir;soluble ash
and energy ratios _ _ R
134.26/500 - 2250° o2s00'  s000' 37.80%
n3s2oms0  2970° 16.70% 6700  1470°
| Wl 36.27/450 34.20° 12.50° . 50.00° 37.50%

- | ivaroesso.  34.20° 13.30° . 40.00° 28.57%
V4058/500 40.50" 22207 - 440" 33.33°
V4153500 36.45% 2000° 26.70° 26.67°

| vit 41 531450 54.00*-‘ - 8.10° ‘ 42.40° 33.33"
| Vit 43.36/500 '37.;30“‘ 20.00° 26.70° 15.38%
X 45.er - 40.50° 16.70° 41.70° 33.33°

Figures in the same column having the same superscript are not significantly different . -
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dissolved oxygen and conductivity were routinely taken using
standard methods (APHA 1980)

Results of weight gain, specific growth rate, feed
conversion, protein efficiency ratio and proximate carcass
and faecal matter composition were pooled for each
treatment; computed and analyzed using One-way Analysis
of Variance (ANOVA) foilowed by Tukey's least significant
different test and coirdation coefficient for comparison
among means. Polynuitia: regression third order solid curve
of mean weight yain plotted 27ainst digestible nutrient
- requirement of H. longifilis was drawn using the computer
packages of STATGRAPHICS (version 3.0) and MINITAB
(version 10.1), computational method using the quadratic
equation.

RESULTS

H. longifilis responded positively in terms of weight
gain to all nine treatment (Table 3). The percentage survival
in the experiment ranged from 51.11 to 91.11% (Table 3).
There was significant difference (P <0.05) between the
percentage survival of the fish fed varying ratios of protein
and energy during the study. Table 2 shows the proximate
composition of faecal matter of H. longifilis fed the varying
protein and energy practical diets. Table 2 shows that there
was significant difference (P < 0.05) between the crude
protein content of the faecal matter of the fish fed the varying
diets. '

Table 3 Growth of H. longifflis in a mini-flow through system using varying ratios of protein and energy combinations for 56 days

DIET MW (g)_ MFW (q) MWG (q) SGR (%) FCR PER ANPU PS
1 311+0.01° 20.75 £ 16° 1764 £017°  312+0.27° 246+ 0.06° 441+t004° 1992010 51.1122.22°
n 3.41£001° 12.85 £ 0.92° 8741043 268+0.17° 2261005  2.83:027° 190+0.10° 80.007.70%
m 3.11+001° 13.05+£059° 10741069 266007 2421004 245:0.16%° 6.45:0.10° 77.78£2.22%
1\ 3.12+001° 11.88+077° 876%077° 2.59+0.22° 223+004° 185+ 017% .4.5640.10° 84.45+9.69°
\ 3.13£001° 17.50 £0.52° 1437 +052° 3.07 +0.57° 226+002° 338:013° 20580.05°  62.22£2.22%
Vi 3.11:001° 1276 £0.98° 9651 0.98° 267+017° 220+008°  2.04+021" 563:0.10° 80.00£7.70%
Vil 311£001° 12.14:060° 9.03+060° 2.42+0.09 213+006°  201£013* 6.72+0.10° 91.11£4.44°
VIl 313+0003° 11.85:089° 872%1.19° 2.5140.17° 217+0.04*  1.83+019° 3212001°  8667+7.70"
iX 3.11+£000? 14.10 + 0.40° 10.99 £0.10® 277 +0.09° 219 +0.10° 2.27+0.18® 1.58£0.02° 73.33£3,85%°
ng 0.01 £0.003 283022 2.85+0.255 022+014 0.11£0.02 0.80£0.061 1.89:0.04 11.8542.75
Figures in the same coiumn having the same superscript are not signficantly diferent
MIW {g) = Mean Initial Weight SGR (%) = Specific Growth Rate gi,

MFW (g) = Mean Final Weight
MWG (g) = Mean Weight Gain .

FCR = Food Conversion Ratio
PER = Protein Efficiency Ratio

ANPU (g} = Apparent Net Protein Utilization PS = Percentage Survival

MWG =MFW -MIW =Wt -Wo

SGR =100*(InWt ~InWo)

FCR = dry weight of feed/ totai wet weight gain by fish
PER = total weight gain by fish/ protein intake

" There was significant difference (P < 0.05) in the

lipid content of the faecal matter (Table 2) from the fish fed’

.various diets except for diets IV and IX. ‘The acid insoluble
ash content also showed-a trend of variation in which faecal
matter of fish fed diets | & Il were not significantly different.
Diets V, VII and 1X were not significantly different (P > 0.05)
at various levels although the latter group were significantly
different from the former and other diets in the experiment (P
< 0.05) (Table 2). The apparent digestibility coefficient,
digestible protein and weight gains in the various treatments
are presented in Table 4. There was no significant variation

4

LY

in the SGR and FCR fed the varying ratios of protein and
energy (P>0.05). There was no significant variation for the

“PER of fish fed diets Ii1, IV, Vi, VIl and IX (P>0.05) although

these varied significantly from the PER of other diets in the
experiment (P<0.05). There was no significant variation in
the ANPU of fish fed diets I, It and IX (P>0.05). Also fhere
was no significant variation in the ANPU of fish fed diets {il,
IV and VIl (P>0.05). The ANPU of this latter group varied
significantly from the former group and the ANPU of other
diets in the experiment (P<0.05). The PS  also varied

/

Table 4: Apparent digestibility coefficient, Digestible protein and mean weight gain of H. longifilis fed

varying protein / energy ratios levels

Diet . % ADC % CP %DP MWG
| 34.26/500 | 77.14 34.26 26.43 10.10
I 35.20/450 | 70.49 35.20 24.81 - 10.25
Il 36.27/450 | 66.99 36.27 24.30 11.77
IV 37.08/450 | 67.87 37.08 2517 13.64
V 40.58/500 | 65.07 40.58 26.41 13.14
VI 41.53/500 | 69.28 41.53 29.06 9.63

VIl 41.53/450 | 54.49 41.53 22.63 13.40
VIl 43.36/500 | 69.49 43.36 30.13 11.94
IX 45.84/500 | 69.25 45.84 31.74 13.34

ADC - Apparent Digestibility Coefficient

CP - Crude Protein
DP - Digestible Protein
MWG - Mean Weight Gain
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" significantly. The digestible protein requirement as derived

from the polynomial regression curve and calculation of
quadratic equation was 27.04% (Fig. 1). The apparent
digestibility coefficient of lipid fed, digestible lipid and weight
gdin is presented in Table 5. The digestible lipid requirement
obtained. when weight gain was regressed with digestibie
lipid levels of the diets using pelynomial third order curve and
quadratic equation was 15.05% (Fig. 2). Digestible protein
and Digestible lipid, mean weight gain and the ratio of
digestible protein/ digestilie lipidt .are presented in Table 7.

The ratio of digestible protein-to digestible lipid obtained
when mean weight gain was regressed with the ratios using
polynomial third order curve was 2.475 (Fig.3). Statistically it
is possible for the solid curves of this nature to be slightly.
skewed in their presentation. The solving of the regression
equation of the curve to derive the point at which dy/dx is

- equal to zero gives a more accurate answer for X- max

(Hayman 1979; Popoola &t al 1990). in the three graphs
(Figures 1,2 and 3) skewness has created some
discrepancies and so approximate values are obtained.
According to Hayman (1979) the calculated values from the
quadratic equation are more accurate and so 27.04%,

Table 5:Apparent digestibility comncient Digestible lipid and mean weight gain of. H. Iongifills fed

varying protein/energy ratio

Diet %.ADC %LP | %DLP | MWG
LP )
I 34.26/500 60.44 20.18 | 12.20 10.10 "
H 35.20/450 69.26 19.10 | 13.23 10.25 -
lil  36.27/450 7813 21.00 | 16.41 11.77.
' [V .37.08/450 76.82 20.10 ( 15.37 13.64

VvV  40.58/500 64.68 22.00 | 14.23 13.14°

| VI 41.53/450 82.92 20.00 | 16.58 10.9, .
Vit 41.53/500 68.18 19.63 | 13.38 9.63
VIl 43.36/500 68.18 22.00 | 15.00 11.94 e

X 45.84/500 73.62' 22.02 | 16.21 1 14.29
ADCLP - Apparent digestibility coefficient for lipid’
LP - - Lipid
DLP - Digestible lipid
MWG - Mean weight gain

ADC (%) =100 - (100 x Acid inéoluble ash in_diet x nutrient in faeceé} ‘
Acid insoluble ash in faeces x nutrient in diet -

. . y = 95371 - 204.94% 1 M AN -
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Fig. 2.: Digestible lipid requirement of Heterobranciis longifilis as devived



¥

+ DIGESTIBLENUTRIENT REQUIREMENT OF THE AFRICAN GIANTMUDFISH HEI’EROBRANCHUS LONGIFILIS

495

y = -1 ’)1 ‘ 900 9% - 1(](14(\& $

o L) W e i
@
o] 3
; 13 - .v./,,.], )
G T/ ‘J \\.
- \
E 2 - i \ ;
(2]
& 1 | \\
a
; ° x,/' J "\
g 1 -—ij I \.\.
2 T | \
J I %y \3' B
10 | \ 7
/
| a\ /
| )
9 g , / .
! 2 25

Digestible Protein () - Digestible tipid (%)

Fig~3.: Digestible protein - digestible ipid vequirement of Heterobranchuy
Hongifilis as derived

Table 6: Digestible protein and digestible lipid of H. fongifilis fed practical
diets of varying protein / energy ratios. -

Diets % ADC* % ADC Digestible _ Lipid "Digestible

Protein Lipid Protein Lipid

(DPy . {DLP)

| 34.26/500 77.14 60.44 26.43 20.18 12.20

Il 35.20/450 70.49 . 69.26 24.81 19.10 13.23

Il 36.27/450 66.99 78.13 24 30 21.10 16.41

IV "37.08/450 67.87 . 76.83 - 2517 20.10 15.37

| V. 40.58/500 65.07 64.68 26.41 22.00 14.23
VI 41.53/450 54.49 82.29 2263 20.00 16.58

VIl 41.53/500 69.28 68.18 29.06 19.63 13.38

VIl 43.36/500  69.49 68.18 30.13. 22.00 15.10
IX 45:84/500 69.25 73.62 31.74¢ 22.02 6.21

*ADC - Apparent Digestibility Coefficients

Table 7: Digestible protein/digestible lipid ratio of H. longn‘llrs fed varying
protem/energy ratios in practical feed

Diets . Digestible Digestible Mean Weight DP: DLP
: Protein (DP) Lipid (DLP) Gain )

| 34.26/500 26.43 12.20 10.10 2.70

Il 35.20/450 24.81 13.33 10.25 1.88

Il 36.27/450 24.30 16.41 11.77 1.48
IV 37.08/450 - 257 16.37 13.64 1.64
V A40.58/500 . =26.41. 14.23 13.14 1.86
VI . 41.53/450 22.63 16.58 - 10.80 %.37
VIl 41.53/500 29.06 13.38 9.621 217
VIII 43.36/500 30.13 15.10 - 1194 20 -
IX 45.84/500 31.74 16.21 13.24 1.96
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15.05%, and 2.475 are the digestible protein, digestible lipid

and ratio of digestible protein to digestible lipid respectively.
DISCUSSION

_ H. longifilis is a fish of high aquaculture potential at
commercial scale especially because of its fast growth and

- the high quality of its fiesh. Enhancement of its diet utilization

for growth will lower operational costs.

The digestible protein requirement derived in this
study is 27.04% for H. longifilis fingerlings. This derived level
must have been due to the proportion of nutrients in the diet

-(Page and Andrew, 1973). They showed that decreased

protein digestibility occurred in channel catfish when the diet
had high levels of carbohydrates.
" De Silva ef al. (1990) and Nandeesha ef"al. (1991)

observed that the digestibility of protein from test.ingredients*

decrease with level of inclusion of protein. In this study this
was also the trend for diets with protein level between
35.20% to 40.58% thereafter there was no such relationship.

Digestible ' lipid requirement for H. Jongffilis is
15.05%. /Schherbina (1973) recommended 2.5 to 3.0% fat
for common carp yearly because lower levels of dietary lipids
caused the fish to secrete endogenous fat into the intestine.
Thus endogenous fat is lost when apparent digestibility
values are calculated, it is not included. The trend earlier
described by Nandeesha ef al. (1991) was also noticed with
all diets having 500 kcal/100g except for digt VIi. Appleford
and Anderson (1997) observed that lipid digestibility
decreased with an increase in lipid inclusion from 10 to 15 %.
Kurzinger et al. (1986) reported increase in lipid digestibility

“for faeces collected over 24hrs when compared with faeces

collected over 10hrs although there was similarity for faeces

~‘collacted over 6 and 10hrs. Anderson (1988) reported that -

lipid content was not significantly different for - faeces

_ remaining in static aqudtium water for 10 minutes and 24

hours. In this study faecal matter was collected within 3hrs of
its being voided since the time of collection of faeces does
not have any effect on the result of digestibility there may not
have beenalteration of the digestible nutrient content in this
experiment. -As earlier observed by Anderson (1988) the
longer the feed passes through the digestive tract the more

- nutrients are absorbed, collection of faeces only once dwiing

the experimental period is not enough to draw conclusion on
how much more nutrients will be absorbed. ’
‘The ratio of digestible protein to digestible lipid for

. 'H. lougifitis was 2.475.  This ratio when utilized in the

preparation of practical diet for the fish will go a long way to
spare protein in the diet for growth while the lipid will be
adequate for energy generation. Appleford and Anderson

. (1997) stated that it is important to ensure that the addition of

an ingredient does not alter the digestibility value of other
dietary components in the development of diets. Studies on

- Acipenser baeri (Medale et al. 1991) showed no effect of
" lipid on protein digestibility. Energy and protein are the two

most important components of a diet. Failure: to include
adequate quantities of protein and energy in diet resuits in
reduced growth, whereas excessive quantities of energy
result in fat depasition or reduced feed consumption (NRC
1993). Fish- generally are known to have low energy
requirements than other animals. It is preferable for their
eriergy needs to be met with the lipid and carbohydrate
components of the feed. The use of protein in fish diets to

“'generate energy is therefore undesirable. Kaushik and

Medale (1994) estimated the relative cost of the use of

“protein to meet energy needs in fish and found it to be
- higher.- ’ ’

In conclusion the result shows that when 27.04%

‘digestible protein and 15.05% digestible lipid or the ratio of

2.475 are considered in the formutation of practical diets for
H. fongifilis. The weight gain or growth response will be
favorable. Although, the protein requirement of this fish has
been studied (Eyo, 1995; Ovie, 2003) other aspects of

nutrition such as the profein/energy requirement and
digestible nutrient requirements should assist in the
formulation of a feed that will boost its culture commercially.
This study will go a fong way to spare protein for energy
production, reduce excesses in these nutrients, provide
adequate energy and affect growth positively in the rearing
of the figh. B
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