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This research was designed to evaluate the performance of growing pigs fed diets containing
cassava peel meal supplemented with three (3) levels of roxazyme G2 enzyme. Fresh cassava
peels were gathered, thinly spread on a concrete floor to dry out and milled prior to
proximate analysis and feed formulation. Five experimental diets were formulated. Diet one
had maize as main energy source, while Diets 2 to 5 had 50% of maize replaced with cassava
peel meal. Diets 3, 4 and 5 were further supplemented with roxazyme G2 non starch
polysaccharide enzyme at 1g/kg, 1.5g/kg and 2g/kg, respectively. A total of thirty (30) cross
bred growing pigs were selected and distributed into five (5) groups on weight equalization
basis with six (6) animals per group. Each group was assigned to one of the five (5)
experimental diets in a completely randomized design. The growth and economy of
production were monitored throughout the 56-day duration of the trial. At the end of the
feeding trial, 10 mLs of blood was collected from three animals on each treatment into
sample bottles with EDTA for hematological analysis. Data were subjected to analysis of
variance procedures. The results revealed that the three (3) levels of dietary enzyme
supplementations did not significantly (P˃0.05) influenced the average daily feed intake but
influenced the average daily weight gain and the feed conversion ratio (FCR) significantly.
Pigs on diets with 1.5 and 2g/kg enzyme supplementation had the highest average daily
weight gain of 0.43kg while those on 2g/kg enzyme supplementation diet had the best FCR
with value corresponding to 1.74. Dietary enzyme supplementation reduced (P<0.05) the
cost of feed production and the cost of feed consumed from N 79.65 and N 3154.40 in control
diet to 43.92 and 1892.95 in 1.0g/kg enzyme supplementation. The cost of feed per gain was
reduced from N172.83 to N90.50 for diet with 1.0g/kg enzyme supplementation. The dietary
treatment had no influence on all the observed hematological parameters. It was therefore
concluded that in a pig's diet where 50% of the maize is replaced with cassava peel meal,
dietary enzyme supplementation should not exceed 1.5g/kg of feed for optimum level of
economic production.
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Introduction
Cereal grains (maize, sorghum, millet and
wheat) constitute the bulk of livestock feeds
particularly for pigs and poultry. However,
in developing countries like Nigeria,
demand for these cereal grains are high as
they constitute staple food for human and
raw materials in most confectionary
industries. Consequently, there is little or no

excess left for livestock feeding and when
available, it is always very expensive
(Adejinmi ., 2000). For instance, in
Nigeria the price of maize had increased
from N45,000 per ton in 2005 to N100,000
per ton in 2018. The continuous increase in
the cost of conventional energy ingredients
has necessitated intensive research into the
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cheaper alternative source of energy
yielding unconventional feed resources
ingredients (Ben Salem , 2002;Amata,
2014; Olaiya and Makinde, 2015). One of
such alternatives comes from the cassava
tuber roots processing industry of which
cassava peel is the most prominent.
Cassava peel is the outer cover of the tuber
roots which is usually removed manually
with sharp knife, discarded and allowed to
rot away, since it is always regarded as
waste. With the pronouncement by Federal
Government of Nigeria that flour millers
should make use of not less than 20% of
cassava in flour making, it implies that
more cassava peels will be produced in
most state of the country (Nkang and Ele,
2014). It is therefore imperative to develop
technology that will increase the utilization
of cassava peel in livestock ration,
particularly for growing pigs. The chemical
analyses revealed that cassava peel meal is
high in dry matter (82.55%), carbohydrate
(70.67%) as well as minerals (Adesehinwa,
2011). Cassava peel contains appreciable
amount of protein (5.69%), relative to 9.0%
in maize (Adesehinwa , 2008).
Adesehinwa (2008) and Adesehinwa
(2011), reported a high crude fibre values of
33.96%, 20.4% and 20.01%, respectively
for cassava peel which limit its utilization in
monogastric nutrition. High fibre in
growing pigs diets decrease the digestible
and metabolizable energy concentrations
and often form bulk feeds. The fibrous
portion of the feed also influences the
digestibility of the other constituents by
exerting a protective action, encasing these
constituents in a digestion proof-shed as it
were, thereby obstructing the access of
digestive enzymes (Yin ., 2004;
Abdullahi ., 2011). Degradation of
these complex carbohydrate compounds to
simple sugars will further increase the
energy value of cassava peels, hence the
need for the addition of exogenous enzymes
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in the ration. The study was therefore
designed to determine the performance of
growing pigs fed cassava peel diets
supplemented with three d levels of
roxazyme G2Genzyme.
Materials and methods

The study was conducted at the Piggery
unit of the Teaching and Research Farm,
Department of Animal Science, University
of Calabar, Nigeria. The farm is located
within the rain forest of south-south zone
of Nigeria with a mean annual rainfall of
about 1830mm and average annual
temperature of 24 C (75 F) to 30 C (56 F).
The piggery house is an open sided,
concrete floor and roofed with corrugated
roofing sheet, each of the pens having
s e p a r a t e f e e d i n g a n d w a t e r i n g
arrangements.

Fresh cassava peels were collected from
local garri processors from Calabar south
local government area of Cross River State,
Nigeria during dry season (November,
2016 to January, 2017), thinly spread on a
concrete floor to dry out under sun for
approximately five days. This was later
milled in a 4mm screen hammer mill at the
feed mill unit of the teaching and research
farm, stored prior to proximate analysis and
feed formulation. Other ingredients were
sourced from within and outside Calabar
metropolis.

The proximate analysis of the milled
cassava peel and the experimental diets
were carried out according to the methods
described byAOAC (2010).

Five experimental diets were formulated.
Diet one formed the control diet (Table 1)
having maize as the main source of energy.
Diets 2 to 5 had 50% of maize replaced by
cassava peel meal. Diets 3, 4,5 were further
supplemented with Roxazyme G2G

Experimental site

Processing of the experimental materials

Proximate analysis

Experimental diets

0 0 0 0
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enzyme at 1g/kg, 1.5g/kg and 2g/kg,
respectively. The Roxazyme G2G enzyme
contain complex derived from

. The main enzyme
activities of these complex are cellulose

Trichodema
lonibrachiatum

(endo-1, 4-β-glucanase; EC: 3.2.1.4); β-

glucanase (endo-1 (4) β-glucanase; EC:
3.2.1.6) and xylan se (endo-1, 4-β-
xylanase; EC: 3.2.1.8).

, 3
a

The enzyme is
expected to attack the complex bonds in the
cassava peel, breaking them into simpler
carbohydrates for the animals' endogenous
enzymes to act on.

Table 1: Gross composition of experimental diets

Ingredient 100% maize 50%
CPM

50%CPM
+1.0g/kg
RE

50%CPM+
1.5g/kg RE

50% CPM
+2.0g/kgRE

Maize 51.07 25.53 25.53 25.53 25.53
Soybean 15.08 15.08 15.08 15.08 15.08
Cassava peel meal - 25.53 25.53 25.53 25.53
Wheat offal 17.00 17.00 17.00 17.00 17.00
Palm kernel cake 12.00 12.00 12.00 12.00 12.00
Bone meal 3.00 3.00 3.00 3.00 3.00
Fish meal 1.00 1.00 1.00 1.00 1.00
*Vit./min. premix 0.25 0.25 0.25 0.25 0.25
Salt 0.40 0.40 0.40 0.40 0.40
Lysine 0.10 0.10 0.10 0.10 0.10
Methionine 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00
Analysis
Crude protein (%)
ME (Kcal/kg)

18.00
2,804

17.08
2,719

17.08
2,720

17.08
2,720

17.08
2,720

Crude fibre (%) 4.70 4.86 4. 79 4.82 4.77
*Grower mineral and premix containing the following per kg. Vitamin A, 8,000000lU; Vitamin D3, 1,600000lU; Vitamin E,
5,000lU; Vitamin KJ, 2,000mg; Thiamine, 1,500mg; Riboflavin B2 4,000mg; Pyridozine B6, 1,500mg; Anti -oxidants, 125g;
Niacin, 1,500mg; Viatamin B12, 10mg; Panthotenic acids, 5,000mg; Folic acid, 500mg; Biotin, 20mg; Choline chloride 200r,
manganese, 80g; Zinc, 50g; Iron, 29g; Copper, 5g; Iodine, 1.2g; Selenium, 200mg; Cobalt, 200mg.
CPM: Cassava peel meal
RE: Roxazyme G2G enzyme

Experimental animals and design
A total of thirty cross bred growing pigs
(Chesterwhite X Landrace) at 12 weeks
old, with the initial average weight of 14 kg
were selected and distributed into five
groups of six animals on weight
equalization basis. Each group was further
divided into three (3) replicates with two
animals per replicate and assigned to one of
the five (5) experimental diets described
earlier in a complete randomized design.
The pigs were allowed access to
the diets and water, which were served in
concrete troughs. The growth and economy
of production were monitored throughout

ad-libitum

the 56-day duration of the trial.
At the end of the feeding trial, three animals
were randomly selected from each
treatment for blood collection. Ten (10)
mLs of blood was obtained from the jugular
vein of each of the pigs into the sample
bottles with EDTA for hematological
analysis (Kaneko, 1989), using a sterilized
needle and syringe.
Haematological attributes were estimated
in whole blood just after bleeding, using the
standard procedures (Jain, 1986) for
haemoglobin, red blood cells (RBC),
packed cell volume (PCV) and white blood
cell (WBC).
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Statistical analysis

Proximate composition of cassava peel
meal

Data obtained were subjected to analysis of
variance procedures. The SAS computer
software package (SAS, 2008) was used for
all statistical analyses.

Proximate composition of the cassava peel

Results and discussion

meal is as presented in Table 2. The
percentage dry matter, crude protein, ether
extract, crude fibre and ash with values
corresponding to 81.43%, 4.32%, 11.67%,
27.40% and 5.69%, respectively were
higher than values reported by Adesehinwa

. (2011) but lower than those observed
by Abiola-olagunju . (2014) except for
crude protein and ash contents.

et al
et al

Table 2: Proximate composition of cassava peel meal (%)
Constituents Composition
Dry matter 81.43
Crude protein 4.32
Crude fiber 27.40
Ether extract 11.67
Ash 5.69

Performance of growing pigs fed cassava
peel meal diets with three (3) levels of
enzyme supplementation

et al.,

Performance of growing pigs fed cassava
peel meal diets supplemented with three
levels of enzyme supplementations are
presented in Table 3. The average daily feed
intake ranged from 0.71kg in pigs fed
control diet to 0.77 kg in pigs fed diet
containing 1g/kg dietary enzyme
supplement. The values were statistically
similar (P˃0.05) across the treatment
groups. The insignificant relationship
among the treatment groups for average
daily feed intake implied that the diets
supplied sufficient energy to meet the
animals' requirement, since animals eat to
satisfy their energy requirement. The
enzyme supplementation may have
resulted in the degradation of the
carbohydrate compounds to simple sugar to
further increase the energy value of the
cassava peel meals (Adeshinwa, 2004;
Adesehinwa ., 2011). The result
obtained in this experiment was in
agreement with earlier reports (Jacob .,
2000; Nadem ., 2005;

These authors did not observe any
difference in the average daily feed intake
of poultry and pigs fed enzyme

et al

et al
et al Choe

2017).

supplemented diets relative to those on
respective non-enzyme supplemented
diets. The average daily weight gain was
lowest (0.33kg) in pigs fed cassava peel
meal diet without enzyme supplementation
and highest (0.41kg) in animals fed diet
supplemented with 2g/kg roxazyme
G2Genzyme. The result showed that pigs
fed enzyme supplemented diets recorded
superior (P<0.05) weight gain relative to
those fed control diets (maize based diet
and cassava peel meal diet without enzyme
supplementation). Values of the average
daily weight gain increased with elevated
levels of enzyme in the diets. The superior
weight gains among pigs fed enzyme
supplemented diets relative to those fed
control diet could be attributed to enhanced
utilization of the fibrous diet, as a result of
the roxazyme G2G enzyme (Chesson,
1993). Abubakar (1997); Adeshinwa .
(2008) reported enzyme as a source of high
quality protein amino acid (lysine) and
vitamins, hence its growth promoting
properties. The result also indicated that
enzyme supplementation above 1.5g/kg of
feed was an economic waste as this did not
result in an improvement in the rate at
which the feed was utilized. The average
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daily weight gains of pigs on 1.5kg/kg and
2.0kg/kg enzyme supplemented diets were
similar to the values reported by Wang .
(2008) for growing pigs fed diets
containing rough rice with or without NSP
enzymes and Adesehinwa . (2011) for
pigs consuming cassava peel based diet
s u p p l e m e n t e d w i t h o r w i t h o u t
Farmazyme3000 proenx. The feed
conversion ratio (FCR) values differed
(P<0.05) significantly among the treatment
groups. Pigs on 1.5g/kg and 2g/kg enzyme
supplemented diets had superior FCR
values of 1.90 and 1.83, respectively
compared with those on maize based diet
with FCR value of 2.15 and cassava peel
diets without enzyme supplementation
with the FCR value corresponding to 2.90.

et al

et al

The FCR values obtained in this experiment
were superior to those reported by
Adesehinwa . (2008); Adesehinwa

. (2011) and Bhuiyan (2013) for pigs
fed diets containing cassava peel meal with
various levels of enzyme supplementation.
Improved FCR values observed among pigs
on the enzyme supplemented diets could
have been occasioned by the role of
xylanase or poss

G to disrupt the cell wall
fractions in CPM as earlier reported by
Oladunjoye and Ojebiy i (2010) .
Additionally, xylanase supplementation
had been reported to improve nutrient
digestibility and energy metabolizability in
broiler chickens (Ogunsipe ., 2015).

et al et
al et al.

et al

ibly β-glucanase in
roxazyme G2

Table 3 : Performance of growing pigs fed cassava peel meal diets with different levels enzyme
supplementation

Ingredient 100%
Maize

50%
CPM

50% CPM
+
1.0g/kgRE

50% CPM +
1.5g/kgRE

50% CPM +
2.0g/kgRE

±SEM

Initial weight (kg) 14.03 13.73 14.00 13.90 13.83 0.15
Final weight (kg) 32.28 30.98 32.90 36.17 36.37 0.66
Total weight gain (kg) 18.25 17.25 18.90 22.25 22.54 0.72
Av. dai ly wt. gain (kg) 0.35b 0.33b 0.36b 0.43 a 0.43a 0.23
Av. dai ly feed intake (kg) 0.71 0.90 0.77 0.76 0.75 0.07
Feed conversion ratio 2.03b 2.72a 2.13b 1.79c 1.74c 0.20
Means with different superscript on the same row are significantly different (P˂0.05)
SEM: Standard error of mean
CPM: Cassava peel meal

RE: Roxazyme G2G enzyme

E c o n o m i c s o f f e e d i n g e n z y m e
supplemented cassava peel meal based
diets to growing pigs
The economics of feeding enzyme
supplemented diets to growing pigs are
presented in Table 3.
The cassava peel meal at 50% replacement
level significantly (P˂0.05) reduced the
cost of producing a kilogram of feed with
maize as a main source of energy by 57%
(that is from N79.65 to N37.43). Enzyme
supplementation of diet containing 50%
cassava peel at 1.0 g/kg, 1.5 g/kg and 2.0
g/kg reduced the cost of feed production by

44.86%, 40.76% and 36.69%, respectively
relative to maize based diet. The significant
reduction in feed cost due to the inclusion
cassava peel meal and enzyme suggest that
pigs' farmers could still sustain their
business when the price of maize is no
longer affordable. The cost of feed
consumed by pigs fed diets containing
cassava peel and those fortified with the
three levels of enzymes were lower
(P˂0.05) relative to those on maize based
diet. The cost of feed consumed by pigs on
cassava peel meal fortified with 1.5 g/kg
and 2.0 g/kg enzymes were statically higher
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(P<0.05) than those on the enzyme free
cassava peal meal diet. The cost of feed
consumed by pigs on diet supplemented
with 1.0g/kg was however not different
(P>0.05) from those of enzyme free
cassava peel meal diet.
Dietary enzyme supplementation
significantly reduced the average cost of
feed per gain from N109 in the cassava peel

meal diet without enzyme to 90.25 in the
diet with 1.5g/kg enzyme supplementation.
The levels of enzyme supplementation did
not affect (P>0.05) the cost of feed per gain
significantly. The economics of feeding
enzyme supplemented diet to pigs showed a
reduction in cost with enzyme inclusion in
the diet. It was relatively cheaper to
produce a kilogram of pork with the dietary
enzyme supplementation.

N

Table 4: Economics of feeding enzyme supplemented cassava peel meal based diets to growing pigs

PARAMETERS 100%
Maize diet

50%
CPM

50%
CPM

+1.0g/kgR
E

50%
CPM+

1.5g/kgR
E

50%
CPM+

2.0g/kgR
E

±SEM

Cost per kg of feed (N) 79.65a 37.43d 43.92c 47.18c 50.43c 1.71
Av. Cost of feed consumed (N) 3154.14c 1880.48c 1892.95c 2009.87b 2107.98b 9.80
Av. Cost of feed per gain (N) 172.83a 109.01b 100.16c 90.25c 93.52c 2.47
Means with different superscript on the same row are significantly different (P˂0.05)
SEM: Standard error of mean
CPM: Cassava peel meal
RE: RoxazymeG2G enzyme

Haematological indices of growing pigs
fed cassava peel meal diets with enzyme
supplementation
The haematological parameters of growing
pigs observed in this study are shown in
Table 4. Hematology is routinely used in
veterinary medicine to evaluate the health
status of animals (Mufuvadze and
Erlwanger, 2007). Reduction in the
concentrations of erythrocytic parameters
such as PCV, RBC counts and HB and
elevation in MCV are indication of

macrocytic (regenerative) anemia
emanating from increased destruction and
subsequent enhanced erythrosis in the
liver, spleen and kidneys (Jain, 1986).
The result obtained indicated that the
dietary treatments had no significant
(P˃0.05) influence on all the observed
hematological parameters. Values were
within the normal range, indicating that
neither the cassava peel meal nor the
different enzyme levels impacted any
detrimental effect on the animals.

Table 5 : Haematological indices of growing pigs fed cassava pe el meal diets supplemented with
enzyme

Parameters 100%
maize

50%
CPM

50% CPM +
1.0g/kgRE

50% CPM +
1.5g/kgRE

50% CPM +
2.0g/kgRE

±SEM

PVC (%) 30.0 27.0 32.0 31.0 29.0 0.50
RBC X10 12/L 5.2 4.4 4.4 5.0 4.5 0.25
HB (g/Di) 10.0 9.0 10.5 10.2 9.5 0.33
MCMC (%) 33.3 33.3 32.8 32.9 32.8 0.23
MVC (FI) 57.7 60.0 72.7 62.0 64.4 1.0
MCH (P/gcell) 20.0 24.0 20.0 20.0 20.0 0.54
SEM: Standard error of mean
CPM: Cassava peel meal
RE: RoxazymeG2Genzyme
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