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Abstract

Twenty grower (Large white x Hampshire) pigs weighing 16.5 + 0.8kg were randomly allotted to five
dietary treatments. The diets were isonitrogenous with 20% crude protein and compounded such
that maize was replaced by cassava flour and maize offal with supplementation of palm kernel cake
and cassava peel with metabolizable energy varying from 2373-2574.0 Kcal/kg. At the end of the
experiment, significant differences (P<0.05). were observed among treatments in the levels of serum
glucose, cholesterol and triglycerides, while no significant variation (P>0.05) was noted among
treatments in protein and hemicellulose utilisation. The best feed cost /kg live weight and projected

profit was shown by diet 5 which had 10% each of dried cassava peel and palm kernel cake.
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Description of Problem

The scarcity and escalating cost of conventional
feed ingredjents have adversely affected the
livestock production in Nigeria. In view of this,
efforts have been geared towards search for the
readily available alternative sources of livestock
ingredients. Some of these alternative sources of
livestock ingredients are rice bran, corn bran,
palm kernel cake and also cassava and its
residues, which can be incorporated in the diets
of monogastrics and ruminants. It has been
found that cassava can replace up to 45% of feeds
at the expense of maize, while cassava peels can
replace up to 10% brewer’s dried grain or rice
bran (1). Cassava peel forms the major residue
of cassava root after harvest and processing.

A lot of studies have been carried out on the
use of cassava in pig feeding. (2) Indicated that
maximum level of 40% was incorporated in
swine feeding. (3) Reported satisfactory pork
carcass when 40% cassava-based diets were fed
to pigs of about 18 weeks old. Also, (4,5) have
shown the possibility of incorporating up to 40%
dried cassava peels into ration for growing
finishing pigs.

Several researcher’s have reported that
deitary components have measurable effects on
blood components, hence blood constituents are
widely used in nutritional evaluation and survey
of human and animals (6,7,8,9). In view of
aforementioned, the present study was carried
out to evaluate the nutritional effects of cassava-

Trop. |. Anim. Sci. 6 (2)



36 Arowora and Tewe

based fibrous diets on blood components and its
utilisation in pig production.

Materials and Method

Analysis of Experimental Diets:
Experimental diets were analysed for proximate
composition by the method of (10), while the
dietary fibre in the diets were determined by the
method of (11)

Pig Feeding Trial:
Twenty grower (Hampshire x Large White) pigs

weighing 16.5 + 0.8kg were allotted on the basis
of sex and body weight to 1 male and 1 female
per replicate in a completely randomised design.
Animals were dewormed ad pens disinfected
prior to the commencement of the 56-day feeding
trial. Five diets with formulations as presented
in Table 1 was prepared with diet 1 (control)
being a maize-based, while diets 2-5 were
cassava-based fibrous diets. Feeds and water
were provided adlibitum.

Table 1: The Gross Composition of Experimental Diets (kg)
Ingredients Diet1 Diet 2 Diet3 Diet4 Diet5
Maize 40 - - - -
Cassava flour - 20.00 20.00 20.00 20.00
Groundnutcake 17.30 21.60 25.40 21.20 25.10
Wheat Offal 36.70 3240 18.60 22.80 8.90
Maize Offal - 20.00 20.00 2000 2000
Palm Kernel cake - - - 10.00 10.00
Cassava Peel meal - - 10.00 - 10.00
Fish meal 2.00 2.00 2.00 2.00 2.00
Bone meal 2.00 2.00 2.00 2.00 2.00
Oyster shell 1.00 1.00 1.00 1.00 1.00
Premix 0.05 0.05 0.05 0.05 0.05
Salt 0.05 0.05 0.05 0.05 0.05
Total (kg) 100.00 100.00 100.00 100.00 100.00
Calculated crude
Protein (%) 20.00 20.00 20.00 20.00 20.00
Metabolisable energy
(Kcal/kg) 2574.0 2373.0 2454.0 2400.5 24825
Calculated crude
Fibre (%) 7.19 9.06 8.68 8.80 842

Composition of Vitamin - Mineral premix

Vitamin A (10,000,00 i.u.), Vitamin D, (2,000,00
i.u.), Vitamin E (8,000 i.u.), Vitamin K(2,000 mg),
Vitamin B, (2,000 mg) Vitmin B, (5,500 mg),
Vitamin B6 (1,200 mg), Vitamin B,, (12mg), Biotin
(30 mg), Folir Acid (600 mg), Niacin (10,000 mg),

Pantothenic acid (7,000 mg), Choline Choride
(500,000 mg), Vitamin C (10,000 mg), Iron (
(60,000 mg) Manganese (80,000 mg), Copper
(8000 mg), Zinc (50,000 mg), lodine (2,00 mg),
Cobalt (450 mg), Magnesium (100,000 mg), Anti-
oxidant (6,000 mg).
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Digestibiliy Study:

For the digestibility study, two pigs per
treatment (1male and 1 female) were housed in
specially adapted metabolic cages. They were
initially fasted for 24 hours in order to empty
their gastrointestinal tract (G.1T.) content. Feeds
and water were provided ad-libitum. The pigs
were fed for 5 days and faecal droppings were
also collected for 5 days. Each day’s collection
per animal per treatment was pooled and oven
dried. The dried samples were analysed.

Blood Analysis

Two males and two female pigs per
treatment were bled at the end of the feeding trial.
The bleeding was carried out in the morning
before feeding and 10ml of blood was obtained
from the jugular vein into a sample bottle. The
separated serawere decanted into bijoh bottles
and stored at -10°C until analysed. The serum
metabolites were determined as described
(12,13).

The triglyceride determination was carried
out by the method of (14), a modification of that
of (15). Serum alkaline phosphatase was
determined according to the method of (16).
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Alanine amino transferase (ALT) and aspartic
amino transferase (AST) were carried out as
described by (17).

Statistical Analysis:

All data collected were subjected to analysis
of variance using (18). Where significant
differences were observed, treatment means
were compared using the least significant
difference (19)

Results and Discussion

Table 2 shows the proximate composition of the
experimental diets. The results were observed
to be numerically close in dry matter, crude
protein, ether extract and crude fibre. There was
variation in the ether extraction of the
experimental diets with the highest values of
2.45% observed for diets 2 and 3. There was no
definite trend in the variation observed in the
crude fibre composition. Diet 2 had the highest
value of crude fibre content (9.00%), while the
lowest crude fibre content (7.20%) was observed
in diet 1.

Table 2: Proximate Composition of Experimental Diets on D.M. Basis.

Parammeters (%) 1 2 3 4 5
M.C. (Moisture content) 1330 18.30 18.30 16.60 18.30
D.M. (Dry matter) 86.70 81.70 81.70 83.40 81.70
Ether extract 1.73 2.45 2.45 1.80 1.72
Ash 13.84 18.97 19.58 17.98 18.35
Crude fibre 7.20 9.00 8.50 8.67 8.34
Crude protein 20.70 20.88 20.25 20.05 20.45
Nitrogen free extract (NFE) 56.53 48.70 49.22 51.50 51.09

Table 3: shows the detergent fibre analysis of
varying composition of the fibrous components

experimental diets, which depicted.
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Table 3: Detergent Fibre Analysis of Experimental Diets on D.M. Basis.
Parameters (%) 1 2 3 4 5

Neutral Detergent Fibre (N.D.F.) 58.60 45.60 46.60 48.50 44.00
. Acid DetergentFibre (A.D.F.) 13.70 12.40 18.40 38.10 14.50
Acid Detergent Lignin (A.D.L.) 294 441 5.77 12.10 3.83
- Hamicellulose 44.90 33.20 28.20 . 10.40 29.50
Cellulose 10.76 7.99 12.63 26.00 10.67
Ash 2.65 4.04 533 11.74  3.50
Lignin 0.29 0.37 0.44 0.36 0.33

The results of apparent digestibility co-efficient of nutrients are shown in Table 4,

Table 4: Apparent Digestibility Co-efficient of Nutrients by Growmg Pigs Fed Cassava-
based Fibrous Diets.

Parameters(%)
DIETS
1 2 3 4 5
Daily dry 1.10 £ 0.02 094+004 1141001 098x0.01 1.02:+004
Matter
Intake/kg
. Apparent ;
digestibility of 69.35+£2.28°  60.80+0.23c 7255+205" 71.70+0.70> 82.00 + 0.87
dry matter kg : ;
Crude protein 80.24 £ 0.39 6732+029 7694+096 7685+044 83.25+£0.53
Crude fibre 7031 +£023* 57411141 73.40+0.08° 74.85+0.78* 79.05 + 0.08
Ether extract 81.02+1.16° 65.30+0.33¢ 8572+091° 83.80+0.64> 8845+ 0.84°
Ash 8438+157 71.74+190° 89.60+ 082 87.80+0.70° 88.50 + 2.06*
Nitrogen free 56.38 £ 1.49*  47.24 +£0.05* 53.10+1.80° 59.93+0.79> 72.15+1.24°
extract

a,b,c,d -means with different superscripts on the same row differ significantly (P<0.05)

crude protein digestibility was observed in diet
5 (83.25 £ 0.53%), while the lowest was recorded
for diet2 (67.32 £ 0.29%). This observation could
be due to the variation in the levels of digestible
protein in the dietary treatments, as high levels

No significant differences were observed in the
crude protein digestibility among treatments, this
could be due to the isonitrogenous nature of the
dietary treatments.

Howeves, the numerically highest level of
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of digestible protein could have resulted to high
digestibility of protein. The result of this study
is in conformity with the report of (20) who found
that the apparent digestibility of crude protein
varied with the concentration of protein in the
diet. Significant difference (P<0.05) was
observed in crude fibre digestibility. Diet 5 had
the best crude fibre utilisation, while the lowest
was showed by diet 2. Apparent crude fibre
digestibility tended to vary with the proportion
of the dietary fibre sources, addition of cassava
peel meal (CPM) and palm kernel meal (PKM) in
diet tend to improve crude fibre digestibility. The
probable reason for this could be variation in the
proportion of the various macromolecular
components of dietary fibre in the diets as

described by (21). Significant differences
(P<0.05) were observed in the apparent
digestibilities of ether extract, N.F.E. and ash.
The highest value of N.F.E. digestibility was
noted in diet 5, while the lowest was indicated
by diet 2. This observation could be as a result
of varying composition of soluble carbohydrates
in the dietary components, which resulfed in
varying digestibilities, more so when the fibre
composition of the diets would have had
influence on the overall digestibilities of the
nutrients.

On Table 5 were shown the results of
apparent digestibility co-efficient of fibrous
components.

Table 5: Apparent Digestibility Co-efficient of Fibre Components by Growing Pigs Fed Cassava

based Fibrous Diets

Parameters(%) DIETS
1 2 3 4 5

NDF 7442 + 0.050° 6723 +1.06¢ 7250+2.24* 69.98+034c 77.93+0.81°
ADF 5120+ 545 4515+1.80° 5539+136> 70.09+1.12*  53.60+ 5.36°
ADL 2627 +0.74®° 4556+ 6.62° 4633 +622*° 63.70+0.75*  30.41+6.20°
Cellulose 5891 +6.28> 43.18+4.26" 5875+1.58" 73.06+1.29 61.94 +2.87°
Hemicellulose 82.60 £ 2.34 7722+0.23 84131179 69.60+252 86.59 +1.93
Lignin 40.18+1.63° 56.05+729° 4614+205° 3567+3.02> 35991438

The apparent digestibilities showed significant
variation (P<0.05) among treatments in NDF,
ADF, ADL, Cellulose and Lignin. The reason
behind significant variation in NDF digestibility
may be due to varying ability of the growing pigs
to digest and retain cell wall constituents. It was
also shown that diet 5 which had the highest
NDF digestibility had the lowest NDF
composition (44.00%), which tended to aid its
digestibility, while diet 2 with the lowest NDF
digestibility had the highest crude fibre
composition of 9.06%. This is in accord with the
findings of (22,23) who showed that high fibre
content would hinder the efficient absorption
and subsequent utilisation of nutrients.

“a,b,c - means with different superscripts on the same row differ significantly (P<0.05).

The probable reason for variation in the
ADF utilisation among treatments could be
varying concentration of the proportion of
various macromolecular components of dietary
fibre as described by (21). Apparent digestibility
co-efficient of ADL by the experimental pigs were
significantly found to be the best in treatment 4
while it was poorest in treatment 1. Although
treatment 4 recorded the second lowest dry
matter intake, its lignin and ash constituents .
were better utilized as reflected in the highest
percent of ADL digestibility.

There was a definite trend in the digestibility
of cellulose among treatments. A direct
relationship was observed in the composition
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of cellulose in the diets and its digestibilities.
This was reflected as shown by diet 2 with lowest
composition and lowest digestibility
(43.18+4.26%), while diet 4 that had highest
composition of cellulose, also had highest
diegestibility (73.06 +1.29%). This observation
can be explained by the fact that fibre utilisation
is influenced by the physical and chemical
composition of the total diet and also on the level
of feeding (24,25). No definite trend was observed
in the hemicellulose digestibility. This was
reflected, as diet 1 with highest hemicellulose
concentration did not show highest digestibility
(82.60 + 2.34%). Although, diet 4 with lowest
concentration of hemicellulose also had lowest
digestibility (69.60+2.52%). This observation
could be due to the composition of the
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experimental diets coupled with the level of
feeding, age and weight of the animals (24,25,26).

A haphazard trend was depicted in lignin
digestibility. Statistical trend revealed
significant variation (P<0.05) among treatments
with the highest being demonstrated in
treatment 2 that had the second highest lignin
composition of 0.37%, while the lowest
digestibility was recorded in diet 4 to be
(35.67+3.02%). This observation could be due to
the varying ability of experimental pigs in
handling lignin. It can also be due to the
influence of age and weight of the experimental
pigs on fibre utilization (26).

Table 6 shows the serum metabolites of
grower pigs fed cassava-based fibrous diets at
the end of 8" week.

Table 6: Serum Metabolites of Grower Pigs Fed Cassava-based Fibrous Diets at the

end of 8" week.

Parameters(%) DIETS

1 2 3 4 5
Total protein(g/dl) 6.10+£0.06 630+£007 625+0.03 6.10+0.08 5.95+0.03
Albumin(g/dl) 3.00+007 3204008 3.05+003 3.20+0.09 315+£0.03
Globulin (g/dl) 310+006 320+010 3.20+008  3.10%0.07 315+012
Urea (mg/dl) 2250+0.29 2250+096 1850+030 18.00+0.58 17.50 + 0.54
Cholesterol (mg/ dl) 129.50 + 0.87° 143.00 + 1.23* 121.00 + 1.45° 155.00+2.04*° 143.50+1.73
Triglyceride (mg/dl) 9850 + 090° 120.00+2.04* 8750 +144¢ 78.00+205  12250+1.73
Glucose (mg/ dl) 139.00 + 0.58* 120.00 +2.05° 142,50 £4.33* 122.00+1.29* 101.50+ 0.87¢
SALP (Serum alkaline
Phosphatase) (i.u/1) 12250+ 1.45 133.00+1.23 12550+029 126.00+125 101.50+ 0.87
AST (Aspartate amino
Transferase)(iu/1) 34.00+1.15 38.00+0.82 33.00+0.60 33.00+1.23 37.00+ 0.58
ALT (Alanine amino
Transferase) (i.u/1) 34.00+0.60 36.00+123 39.00+058 35.00:+0.82 32,00+ 1.15
Creatinine (mg/dl) 1304006 118+005 100006  0.78+0.05 1.15+0.03

a,b.c.d. e - means with different superscripts on the same row differ significantly (P<0.05).
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It was observed that the total serum protein,
albumin and globulin were not significantly
different (P<0.05) among treatments. The
similarities observed in the values of albumin

among treatments could be due to the

isonitrogenous nature of the diets. (27) had
reported that the albumin level tends to remain
constant throughout life after reaching a
maximum at about three weeks of age. The
observed values were within the normal ranges
of 4.80-10g/dl and 1.80-5.60g/ dl reported by (28)
for serum total protein and albumin respectively.
The serum globulin contents of pig across the
groups were not influenced by the varying levels
of fibrous ingredients included (crude fibre
contents). This was in agreement with the
findings of (29) who reported that total globulin
showed little or no change even when changes
were observed with the total proteins.

The mean serum creatinine contents varied
non-significantly (P>0.05) among the treatments
with the Jowest being reflected in treatment 4.
(30) reported an average creatinine 0of 95.0 £ 11.7
umole/ litre for growing pigs with a mean weight
of 35.4kg. The pigs fed ad-libitum had
significantly lower (P<0.01) level of creatinine
compared to pigs with restricted diet, this is
similar to the result obtained in this study as the
pigs in treatment 1 consuming lowest diet had
highest creatinine while pigs that had highter
dry matter intake in treatments 3 and 4 had low
levels of creatinine.

The result of this work showed a non
significant variation (P>0.05) in serum urea
concentration among treatment groups. This
could be as a result of varying quality of protein
fed to the pigs on different treatments, despite
the fact that they were isonitrogenous. This is in
agreement with the finding of (31) who found
that the level of blood urea in monogastrics does
not remain constant and it is influenced by the
quantity and quality and the proximity of the
processing meal. However (30) reported
increases in serum urea with increasing age. The
dietary treatments had significant effect (P<0.05}
on the serum cholesterol levels of pigs across the
groups. The observed values were in agreement
with the normal range of 76-174mg/ dl reported
by (28). This could probably be as a result of the
fact that 10-15% dietary crude fibre limit in swine

-

diets (32) was not exceeded. Although no
definite pattern was observed in the levels of
ether extract, diet 4 with highest cholesterol
levels (155.0 £ 2.04mg/dl) had 1.80% ether
extract which was second highest, also diet 3
with highest level of ether extract had lowest
level of cholesterol (121.0 + 1.45mg/dl). This
observation could probably be due to the levels
of unsaturated fatty acids in ether extract of the
diets among treatment groups. This observation
is in line with the findings of (33) who found
that saturated animal fats in the diet of pigs
produced higher serum cholesterol levels than
unsaturated fat.

The serum glucose levels recorded in this
investigation had no definite pattern. These
results showed that diet 2 with highest level of
fibre had the second lowest serum glucose
content, while diet 1 with lowest fibre content
had the 2" highest serum glucose concentration.
This observation is partly in line with the
findings of (34) who reported reduction in blood
glucose with high fibre diets. The similarity of
the values obtained across the group could be
adduced to the fact that the fibre in the diets were
not higher than the recommended limit of 10-
15% dietary crude fibre in diets for pigs reported
by (32,35).

It was shown in Table 6 that the dietary
treatments had significant effects (P<0.05) on the
serum triglyceride (TG) among treatments.
Variation in the TG levels could have resulted
from the differences in the composition of the
plant and animal fats in the diets as reflected in
the composition of ether extract, as diet 2 which
could probably be due to the similarity in the
experimental diets which had no significant
effect on the enzyme activities. The highest
activity of AST was indicated by diet4 with 33.00
+ 1.33 i.u/1, while the lowest activities were
shown by deits 2 and 3 (38.00 + 0.82 i.u/I and
38.00 1+ 0.06 i.u/Irespectively). Also, the highest
activity of ALT was observed in diet 5 (32.00 &
1.15 i.u./1) while the lowest activity of 39.00 +
0.58 i.u./1 was indicated by diet 3. These low
levels of AST and ALT observed in this
investigation would be indicative of healthy
experimental pigs as high levels of the two
enzymes could suggest malfunction in the liver
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and other tissues, thus elevating serum enzymes

levels which could have resulted mainly from
toxicity (39).

Table 7 shows the . performance
characteristics of grower pigs fed cassava-based

. fibrous diets.

Table 7: Performance Characteristics of Grower Pigs Fed Cassava-based Fibrous Diets.

Parameters Diet 1 - Diet 2 Diet 3 Diet 4 Diet 5
Average initial 16.25+270 16.00£3.8217.13+£238 17.13+2.25 16.12+453
Live weight(kg)

Average final 32.50+270 30.38+£6.1533.00£2.79 3213+1.18 32.00+6.63
liveweight(kg) ;
Average total 16.2510.23 14.38+2.56 15.87+3.10 15.00 +0.41 15.88 +2.77
liveweight gain (kg) ‘

Weekly dry 22.00+099 2563+1242575+1.94 2495+1.76 2530+1.70
Matter intake (kg)

Weekly body 8.00+055 692+090 7.75+129 750+1.14 7.92+0.80
weight gain(kg)

Feed conversion ratio 277+£011 355+0.24 335%£076 333+068 3.20+0.80
Daily dry matter

Intake (DDM1) (kg) 3.14+017 352016 3.68+0.27 356+025 362+0.17
Daily weight 1.14+007 099+£0.05 1.10+005 1.07+£016 1131012
Gain (DWG)(kg)

Daily protein intake 0.63+0.03 071+0.05 0.74+0.06 071+0.03 0.72+0.05
(DPI)(kg)

Protein efficiency 1.80+£0.06 1.37+0.10 142+0.19 14510.13 1.53+0.09
ratio

No significant differences were obtained among (P>0.05)

The average daily weight gain per treatment was
found to be highest and lowest in treatments 1
and 2 with 1.14 + 0.07 and 0.99 + 0.05kg
respectively. Fead conversion also followed the
same trend with the lowest value being obtained
indiet1 (control and maize-based), nextto it was
diet 5, which had the best performance among
the test diets (cassava based fibrous diets). The
superior performance of growing pigs on this
diet can be explained on the attributes of the diets
which contained cassava peel and palm kernel
cake at 10% levels of inclusion for these

ingredients. Use of cassava flour in pig diets
had been reported to increase the dustiness of
such feeds (40). However, addition of additives
such as molasses or palm oil reduces such
dustiness. Palm kernel cake contains varying
amounts of oil. Indeed in an earlier survey, (41)
showed that the ether extract level of palm kernel
cake obtained from different processing sites in
Ibadan ranged from 5.20-8.10%.

On Table 8 are shown the economies of
production of grower pigs fed cassava-based
fibrous diets. The costof feed consumed per day
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varied among treatments, but this variation was
not significantly differentamong treatments. The
highest cost of feed consumed per day was
observed in diet 1, the maize-based diet to be
N43.95 + 2.71, while the lowest cost of feed
consumed per day was recorded in diet 5 with
N37.31 + 3.24. This could be attributed to the
replacement of more expensive maize N22.00/
kg) with the relatively cheap cassava flour and
maize offal costing I5.00/kg and N8.00/kg
respectively. Maize offal was reported to be a

cheaper energy source (42,43,44). Although
differences were observed in projected revenue,
total cost of feed consumed and projected profit
among treatments, these differences were not
statistically significant. This could probably be
due to the fact that the experimental treatments
are not sensitive enough to reveal significant
differences among treatments.

The highest projected profit in Naira was
recorded for diet5 while the lowest was observed
in treatment 2.

Table & Economies of Production of Grower Pigs Fed Cassava-based Fibrous Diets.

Parameters(%) Diets
1 2 3 4 5

Feed cost/kg
Diet (N) 13.92 10.34 10.17 10.02 9.87
Costof feed
Consumed/day

3849+335 39454375  38.01+345 37314324
Costoffeed/kglive  38.28+2.08 3670£3.01  33.69+527  3336+269  3151+273
Weight gain (N)
Projected revenue 4480.00£26192 387515155250 43400027261 420000+31822 426.80+229.80
atN70.00/ kg ()
Total costof feed 244992414923  2037.15+£201.05  2095.02+209.50  2000.04210.26 994.94+193.50
Consumes ()
Projected profit) 203008411260  1838.00+35145 224498+6311 21999610796 2431863598

Conclusions and Applications

(1) From the results of this study, similar growth
patterns were observed among treatments
and despite significant differences observed
in some parameters measured under
nutrient utilization and serum biochemistry,
it can therefore be concluded that cassava-
based fibrous diets can economically replace
maize-based diet in the production of grower

pigs.
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