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Abstract

This paper aims at investigating relationships and effects of varying protein and energy levels on
growth performance, efficiency of feed conversion and efficiency of nutrient utilization of weanling
pigs fed from of 9 to 60kg. A total of vne hundred and twenty weanling pigs weighing + 9kg were allotted
randomly to sixteen groups of eight pigs each, for females and four castrated males in a 4x 4 factorial
design. The sixteen diets consist of four digestible energy levels (3,000; 3,300; 3,600 and 3,900
keal/kg) and four crude protein levels (18, 21; 24 and 27%,). The pigs were fed these experimental diets
until they attained a predetermined liveweight of 60 £1.5 kg. The effects of the varying crude protein
and digestible energy were studied on growth and performance parameters. Neither protein nor energy
levels significantly affected daily feed intake, but significantly decreased daily feed intake at 27 protein
level Daily protein intake was influenced by protein intake and digestible energy intake was also
significantly influenced by digestible energy intake. There were no significant interactions between
protein and energy levels with respect to feed intake and intake of protein and energy. Energy but not
protein levels significantly influenced rate of live weight gain. Feed conversion efficiency (FEC) was
highly (P 0.001 ) influenced by energy but not protein levels. In both sexes, females and castrated
males, increasing dietary levels of protein and energy resulted in improved efficiency of feed utilization
within protein levels but there were significant differences between the two highest energy levels for
castrated males and within the diets with 3,300, 3,600 and 3,900 keal/DE/kg for the females. When
high protein levels were combined with high energy levels , feed intakes were depressed only on the
27% protein level. Feed conversion efficiency was maximized on the diet with 21 and 24% protein
levels with appreciable sex differences, with female pigs vequiring more protein than males. Digestible
Energy range of 3,300 and 3,600 kcal/kg would be adequate for maximum gain and efficiency of feed
utifization in pigs under the humid tropical environment tropical. Feed to gain ratio, a very important
economic index should be an important index of the quality of any diet for promoting growth.
Keywords: Feed intake, daily gain, feed etticiency, feed utihization, tropical environment.

Introduction consensus would appear to be that there is a
Considerable attempts have been made to reduction in the level of feed intake of pigs
establish feeding standards for imported when reared in warm tropical environments
Europcan pigs raised in a tropical  (Oyeleke ef af, 1985, Nichols et al, 1982,
environment but these attempts are still Close, 1989 and Rinaldo et a/, 2000)..

limited to a few TCpOITS on the crude prﬂtein The diCl?il"y cnergy concentration is
or a few amino acid requircments particularly important in a hot humid
(Babatunde et al, 1972 and Fetuga, 1972) environment, since excessive dietary
Among these reports, there appears to be no energy concentrations have been shown to
unanimily as lo whether physiological depress feed intake (Fetuga, 1984,
requirements differ between these pigs Adesehinwa and Ogunmodede, 1995).
reared in a tropical environment and those Such effect of high ambicnt temperatures
reared in the temperate, although the on feed intake could act together to reduce
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further the level of feed intake and therefore
useful nutrients consumed thereby
adversely affecting growth rate . Digestible
energy concentration of the diet has been
shown to influence the performance of
growing finishing pigs (Cooke et al, 1972,
Holmes, 1973, Campbell and Dunkin,
1983, Quiniou et al, 1995), while it has also
been reported that ambient temperaturc can
influence cnergy intake (Quiniou et af
1995) Since important relationships exist
between environmental temperature,
dietary energy concentration and feed
intake, it may well be that some of the
earlier reports concerning protein
requirement per se, it may have been
influenced one way or the other by the
relationship of energy to protein in the diet.
The present study was designed to
holistically investigate the influence of
varying digestible energy concentration
and dictary crude protein, balanced for
amino acids on performance of growing
/finishing pigs reared from 9 to a
predetermined liveweight of 60kg.

Materials and Methods

Animals

A total of one hundred and twenty-cight
Large White x Landrace pigs weighing
initially about 9.0+1.5kg were assigned to
sixteen groups of eight pigs each,
comprising four females and four barrows.
Allocation to groups was on the basis of
sex, initial weight and as far as possible,
litter origin, such as to equalize group mean
weight and sex. These groups were then
randomly assigned to any one of the sixteen
treatments laid out in a 4x4 factorial design.
The factors were four crude protein levels
and four digestible energy levels.
Experiment diets

The composition of the experimental diets,
the basic ingredients used and the nutrient
compositions are as presented in Table 1.

There were sixteen diets, in all, consisting
of four digestible energy levels 3,000;
3,300; 3,600 and 3,900 kcal’kg and four
crude protein levels 18, 21, 24 and 27% at

“each dietary energy level. Attempts were
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made to maintain approximately the same
ratio of the main protein contributing
ingredients, fish meal, blood meal,
groundnut cake, and palm kernel meal. This
was to ensure that approximately equal
proportions of amino acids were supplied
from animal and plant sourccs and to ensure
similar ratios of amino acids to protein.
Synthetic DL-methionine, L-Lysine
hydrochloride were added to maintain a
constant balance between the level of
amino acids relative to the dietary protein
levels. The energy levels used were
obtained by appropriate adjustment of the
level of yellow maize, cassava flour, wheat
offal's and brewers dried grains , while the
higher energy dicts were arrived at by the
inclusion of varying levels of palm oil, a
highly digestible oil. Dietary calcium and
phosphorus levels were equalized by the
inclusion of Di-calcium phosphate.
Constant levels of sodium chloride were
included in all diets, while zinc oxide was
included in the diets to supply additional
100ppm zinc. A commercéial vitamin —irace
mineral premix were supplied by a
commercial Vitamin-Mineral Premix
(Pfizer (Nig.) Ltd Product). All
experimental diets were analyzed at each
mixing and at regular intervals during the
course of the experiment for their
proximate constituents (A.O.A.C, 2005).
Digestible energy values were determined
using standard procedures (Fetuga er al,
1977). The amino acid content of cach dict (
Tablc 2) was calculated from amino acid
analysis of the ingredients obtained on
scveral batches using a Technicon (TSM)
amino acid analyzer (Fetuga, 1973) and
the values expressed as percentage of
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protein are given in Tablc 3.
Housing and Feeding

Pigs were housed in concrete floored pens,
cach with 8 individual feeding units. The
pigs were assigned numbers on their back
and on the corresponding feeding unit
buckets, such that the number on the pigs
tallied with the number on the bucket and
dict to which the animal was allocated.

Each adjacent pen housed 8 animals and
cach pig had a feeding record to facilitate
keeping of records. Feeding troughs were
provided in the individual feeding units.
The animals were fed three times daily at
07.30 hours. 12.30 hours and 16.30 hours
when they were led into the individual
feeding stalls and allowed to eat all they
could within 90 minutes. After cating they
were allowed into adjacent play pens where
fresh water was made available ad libitum.
Water was changed four times daily, since
the pigs wallowed occasion ally.
Muanagement

The animals were therefore subjected to
routine de -worming monthly, immediately
after the weekly weighing, with 'Piperazine
Citrate™. The inner and outer pens were
disinfected with solution of 'Tzal”, every
morning after thoroughly washing the pens.
Records

Pigs were weighed weekly and weekly feed
consumption was also recorded for
individual pigs..

Statistical analyses

The data from the cxperiment were
subjected to the multi-factor analysis of
variance and where significant differences
were indicated means were compared using
the Duncan's new multiple range test (Steel
and Torrie, 1980). Regression analyses
were also carried out on some parameters.
Protein levels and intakes and cnergy levels
and intakcs were regressed separately
against the selected parameters. Step wise
regression analyses werc also carried with

both protein and encrgy intakes as
independent variables to evaluate the
relative contribution of these to the
observed differences. All of these statistical
analyses were achieved using the SPSS
Programme on the IBM Computer.

Results

Feed, Protein And Energy Inlakes.

Table 4 summarizes the results for average
daily feed, protein and digestible energy
intake by pigs on the different diets.
Neither encrgy nor protein levels
significantly affected daily feed
consumption of pigs. However there was a
noticeable decrease in feed consumption at
the highest protein level fed. Daily protein
intake was significantly influence (P 0.01)
by protein but not energy levels, while daily
digestible ‘energy intake was also
significantly (P 0.01) influenced by encrgy
but not protein levels. No significant
interactions were obtained between energy
and protein levels for the intake of feed and
both protein or energy.

Stepwise regression analysis showed that
dietary energy accounted for 53.09% (r=
0.743) to the variability in daily feed
consumption while protein accounted for
only 0.70% (= 0.30). No significant sex
differences were observed for these intakes.
Average daily gain and number of days to
reach slaughter

Average daily live weight gains and the
number of days taken to reach the
predetermined slaughter weight are
presented in Table 5. Energy but not protein
levels significantly influenced the rate of
live weight gain. There was a highly
significant interaction between protein and
energy levels (P 0.001) in their effect on
growth rate, while no significantly sex,
differences, sex X protein or sex X energy
interaction were obtained. Stepwise
regression analysis showed that variability
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‘Table 4: Influence of varying dietary protein and energy concentration on feed, protein and energy
intake of pigs reared between 8 and 60kg

Digestible energy keals/kg Percentage Crude Protein Mean
18 29 24 27

Average daily feed intake (kg)

3,000 L.21 1.39 1.26 1.21 1.27

3,300 1,31 1.2¢ 1.4 I.22 1.32

3,600 1.34 1.36 1.32 1.32 © 134

3,900 - 1.3 1.25 1.38 1.32 1.31

Mean 1.31 1.32 1.34 1.27 -
ASE= +0015

Average daily Protein g/day

3,000 : 223.80 29592 307.36 325.36 288.05

3.300 263.07 277.98 325.02 325.79 297 97

3,600 24251 284.88 319.24 363.74 302.59

3,900 234.69 262.91 %85.92 364.18 286.93

Mean oy 241.03x 28042y 30931y 34477z -
ASE==x382

Digestible Energy intake Meal/Day

3,000 : 3.67 4.22 3.93 AT 3.95x

3,300 4.58 4.23 4,66 4.18 441y

3,600 4.82 4.93 471 4.8 4.82y

3.900 5.01 4.82 548 53 4.82

Mean 4.52 4.55 4.7 458 -
ASE - +046

In this and subsequent tables:
A.S.E. = Average standard error of treatment means —x y, 7
Main treatment means followed by the same letters are not significantly different.

Table 5: Influence of varviag protein and energy concentration on the average daily gain and number of duys taken to attain
pre-determined staupghter weights,

Crude protein levels (%) Mean
Digesiible energy kealsthg 18 21 24 27
Average daily paim (kg) 3,000 0.46 0.53 047 0.5 0.49x
4 3,300 0.59 0.56 ni6 0.33 .56y
3,600 .56 .56 0.56 34 056y
3,900 0.57 0,58 .6 0.6 059
Mean 055 .56 .56 054
ASE =002
Number of day to reach 3,000 110 o8 1! : 104 Ji15.8x
slaughter
3,300 87 ] a1 av 92.8xy
1,600 92 20 90 93 91 txy
3.900 a0 84 80 af 86.0xy
Mean 948 92.8 23 95 -
ASE=+421
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Table 6: Influence of varving protein and energy concentration on the efficiency of femd conversion of pigs reared between

9 and 60kg liveweight

Castrated males Females Paoled meany
Digestible levels Brotein levels (5) Mean Protein levels (Ta) Mean Protein levels (%) Mean
Koalstkg 3
i8 24 24 a7 18 2 4 27 14 P 24 27
3,000 267 283 267 253 263x 262 264 273 245 26lx 263 264 270 249 2.62x
3,300 247 259 27 254 258 223 212 235 240 218 236 236 2.36 227 2138
3600 253 Eag e 25 255: 245 256 200 233 235k 239 246 246 244 244x
Jeon 25 23S 223 24 232 239 199 21l 240 Al 230 27 24T 225 233k
Mean 247 251 25F 243 - 243 232 232 230 - 245 24l 24 235 -
A8 E =09 ASE =010 A8 E =009
in liveweight gain due to energy intake was protein levels.

82.11% (r = 0.90) while protein intake
accounted for only 0.04% (r = 0. 05) of the
observed differences. Incrcasing dietary
digestible encrgy level from 3,000 to 3, 300
keals DE / kg diet resulted in significant
improvement in growth rate while
increasing energy levels beyond this did not
improve gains at 3,600 kcals’kg, but
resulted in slight but insignificant4ncreases
at 3,900 kcals DE/kg diet, within all protein
levels there was the noticeable tendency for
growth rate to improve as energy level was
increased. Rate of live weight gain was
highest on the 24 and 27% protein diets
when cnergy level was raised to 3,900
DE/kg, although thesec were hardly
significantly superior to the digestible
energy concentration of 3,300 keals/kg.
The average number of day the pigs on the
different diets took to reach the
predetermined slaughter weight of
60:+1.5kg (Table 5) was highly significantly
(P 0.001) influenced by energy but not

Feed conversion efficiency and efficiency of
energy utilization

Feed conversion efficiency ( Table 6) was
significantly influenced (P 0.01) by energy
but not proicin levels. No significant
proteins X energy intcractions were
obtained, whilc highly significant (P 0.001)
sex differences and significant (P 0.01) sex
X energy interactions occurred. Separate
data for the sexes are therefore presented
along with the pooled data in Table 6.

In both sexes, increasing dietary energy
levels resulted in improved cfficiency of
feed utilization within protein levels, there
were however no significant differences
between the two highest energy levels for
male and between diets with 3,300, 3,600
kcals DE/kg for females. The pooled data
for both sexes showed no significant
improvements in feed efficiency when
cnergy levels were increased beyond 3,300
keals DE/kg dict. Digestible energy intake
accounted for 46.46% (r = 0.68) of the

Table 7: Influence of varying protein and energy concentration on the efficiency of energy utilization (Kg.
gain/Kg DE intake) of pigs reared between 9 and 60kg liveweipht.

Crude Protein Levels (%)

Digestible energy level 18 21 24 27 Mean
(Kcals'kg)
3,000 127.62 125.25 121.37 131.97 126.70x
3.300 128.40 134.23 118.40 116.40 124 36x
3.600 117.66 113.04 121.28 114.98 116,74y
3,900 115.89 121.62 116.07 113.08 116.65y
Mean i22.39 123.69 11928 11900 -

ASE =227
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variability (47.49%) in cflicicncy of feed
utilization, while protein accounted for
only 1.03% (r = - 0.15). Females gave the
best efficiency of feed utilization on the diet
with 3,300 kcals DE/kg, while best
efficiency of feed utilization for castrates
was on the highest energy level.

Efficiency of digestible energy utilization
(Table 7) was significantly (P 0.01)
influenced by dictary energy but not protein
level. No significant sex differences were
obtained, neither were there significant
protein X energy, sex X protein, Sex X energy
or protein x energy x sex interactions. The
best efficiency of energy utilization was
obtained on the highest protein and energy
level combinations. Increasing cnergy
levels between 3,000 and 3,600 kcals
DE/kg did not significantly improve
efficiency while a further incréase to 3,900
kecals DE/kg resulted in an efficiency of
energy utilization significantly better that at
lower levels.

Discussion

The objective of the present study was to
investigate the possible role of varying
digestible energy and crude protein levels
on the utilization of these nutrients on feed
intake, protein and energy intake, average
daily gain, feed conversion cfficiency and
cfficiency of feed utilization, particularly as
very little information cxists on energy
utilization in pig diets in the humid tropics.
Reduced feed intake appears to be
implicated in the poorer performance of
pigs reared in warm humid environments
(Rao et al, 1976, Fetuga, 1984, Tewe and
Adesehinwa, 1995) . In the present study
there were no significant main treatment
effects on daily feed intake. Daily feed and
therefore daily digestible energy and
protein intakes were independently
influenced by dietary protein and energy
levels. This reported tendeney

is very much in agreement with the result in
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this study. In contrast to this observation,
some reports found decreasing feed intakes
with incrcasing dietary energy levels
(Oyeleke et al, 1985, and Adeschinwa,
2008) although digestible energy intake
remained high at energy levels, as morc
energy is requircd lo meet maintenance
requirements and deposition of fat and
protein. Another report (McCraken, ef al ,
1980) showed that decrease in digestible
energy intake does not occur markedly in
growing pigs until the energy levcl
exceeded 3,640 kcal DE. Increasing energy
of the diet depressed feed intake only when
the protein content of the diet was
inadequate or the protein of poor quality
(NRC, 1988, Longe, 1988 and Fashina,
1991) . In the present study, the levels of
protein were adequate and balanced for the
essential amino acids. Studies have,
demonstrated (Oyeleke et al, 1985,
Adesehinwa, 2008) that protein quality
was as important as energy protein ratio in
determining feed intakes. All of these
suggest that variations may occur form
study to study as a result of differences in
the types and combinations of dicts used
and sources of both protein and energy.
Metabolism of fat, protcin and
carbohydrate follow different pathways to
provide energy for body functions (Briffa,
2012). Such depressions were only
noticeable at the highest protein level in
combination with either 3,000 or 3,300
kecals DE/kg, in diets with similar protein
level but containing either 3,600 or
3,900kcalDE/kg, the depression was less
marked. This may be due to the reduced
associative dynamic cffects of protein and
fat which are known to be lower than the
combined effects of protein and
carbohydrates. This reason is adduced since
in the present study energy increments were
achieved by the inclusion of palm oil at the
high levels, while the lowcr cnergy was



Oyeleke

essentially derived from carbohydrates.

Several studies (Devendra and Paris, 1970,
Rinaldo et al, 2002, Fetuga, 1984, Le
Dividich and Canope, 1978, Cole, 1984,
and Le Dividich and Herpin, 1994)
reported similar low feed intakes under
tropical environment as a result of the
higher ambient temperature. This reduced
feed intake was regarded as an adaptive
mechanism to avoid excessive heat load
(Steinbach, 1971) and has implications for
the performance of pigs in this
environment, since inadequate intake of
protein and energy could adversely affect
the inherent patential for best performance
characteristics (Nichols et al, 1982, Closc et
al 1983)). While increasing protein level
from 18 to 27% level did not significantly
influecnce gain, increasing energy levels
within each protein level had the effect of
increasing rate of liveweight gain. That
there were no significant differences in ratc
of gain with the range of protein levels
studied, 1s in consonance with the earlier
experimenis (Oyeleke ef «f, 1985, and
Oyeleke ef al 1988), where gains on all
protein levels above 16% were similar and
not significantly different. Earlier reports
(Babatunde et al, 1972, Fcluga ef al, 1975,
Devendra and Parris , 1970) had suggested
that protein levels in the range 20 — 24%
were needed to maximize growth in pigs in
a tropical environment. The present result
emphasizes the importance of amino acid
adequacy and balance in meecting the
protein needs of the pig. There was a highly
significant protein x cnergy level but
differences among protein levels were not
significant. Pigs fed high protein, high
energy diets gamned significantly merc
rapidly than those fed the low protein, low
energy or low protein high energy or low
energy or high protein dicts. This observed
interaction is in close agreement with some
reports (Iale and Johnson, 1970, Campbell
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and Dunkin, 1983) which showed that pigs
fed high energy — high protein diets gained
at least 3% faster than those fed other
combinations. In a stepwise regression
comparing the effects of protein and energy
intake on average daily gain, of the total
variability energy and prolcin intake
cxplained 82.15% ., with energy intake
accounting for 82.11% (r=0.90) and protein
only 0.04% (r = 0.05). That differences in
responses of pigs could occur in warm
compared to cooler in situations of varying
energy and protein concentrations is quite a
possibility,  since differences in basal
energy metabolism have been reported in
situations of varying environmental
temperatures (Scerley et al, 1978,
Verstergen and Close, 1994). Moreover. the
ingredient makeup of the diets and the
procedures adopted in achieving the energy
differential could bc an important factor
determining the pattern of response
observed. Usually lower energy levels are
achicved by the inclusion of diluents in
diets while higher levels are achieved by the
inclusion of highly digestible ingredients
and fat. Such a situation could result in a
reduction in the digestibility of the
carbohydrates and protein in the dict with
diluents thus adversely affecting the
utilization of protein whercas protein
utilization is enhanced at higher levels of
energy probably through a higher
digestibility of the components. It was
reported (Campbell and Tavemer, 1988,
Wegner ef af, 1988) that higher dietary
energy levels may be required in a stressfull
environment when fat is the major energy
source to compensate for low calone
intakes associated with the observed
reduction in feed intake in such
environment. The observed higher gains on
the highest energy level in this study may, in
[fact, result from increased energy intake
due to added lipids and the maintaincd level
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of feed consumption resulting from a
lowered heat increment due to protein — [al
combination. There were no significant
interaction belween protein and energy in
terms of feed conversion efficiency, while
energy increases, but not protein, tended to
improve this parameter. This report agrees
closely with thosc of carlier reports (Cooke
etal, 1972, Cromwell etal , 1978, Campbell
and Dunkin 1983) that indicated that
energy level had an over-riding influence
compared to protein.  Energy intake
accounted for 46.46% (r= 0.68) of the total
variability duc to main treatment effects,
(47.49%) while protein accounted of only
1.03% (r=-0.15). Inastudy (Oyelekcetal,
1987), optimum feed cfficiency was
obtained on the 18% protein dict in
castrated males while in females, 22%
protein inithe diet was required to optimize
efMiciency of utilization for gain. In another
study ( Oyclcke et al, 1987), opumum
efficiency was observed on the highest
protein levels fed, which was 20%.
Utilization of feed for gain appearced to be
maximized in castrated males when an 18%
protein dict containing 3,900 kecal DE/kg
was fed , while in females this occurred on
the 21% protein diet at the highest energy
fed. It would appear from the foregoing
that a proper nutrient combination should
decrease the cost of metabolism. These
workers suggested that the heat increment
was lowest with the protein and fat mixture.
This suggestion would appear to be borne
out by the observed tendency for efficiency
of feed utilization to be best on the high
energy, high fat diets.

Even though body weight gains were lower
than reported for pigs In a temperature
cnvironment, the feed : gain ratios were
comparable and in some cases better than
report in experiments with pigs of the same
weight range (Cooke et al, 1972, Seerley et
al, 1978 Campbell and Dunkin, 1983). It

i

would therefore appear that the obscrved
lower growth rates do not result from
inefficient metabolism of nutrients but
rather from the reduced intake due to high
ambient temperatures. That feed : gain ratio
should be better in warm climates 1s
supported by a report (Seerley et al ,1978)
that indicated a 3% improved efficiency
during warmer than cooler months and
attributed this to a lower metabolic
requirement for body heat during warmer
than cooler months. Other researchers
(Babatunde et al, 1972, Verstergen and
Close, 1994) reported that at high
temperatures, there is a greater efficiency of
energy utilization for liveweight gain, and
also as a result of les§heat production (heat
loss for thermo regulation) especially when
feed intake is comparatively lower and
energy supplements ase highly digestible.
Females were superior to castrated males in
terms of feed gain ratio and utilized protein
more efficiently at all levels. Castrated
males utilized dietary cnergy better than
females at higher levels. This observation,
regarding differences between both sexes in
terms of efficiency of feed and feed nutrient
utilization, were also observed in the
previous carlier studies (Oyeleke er al,
1985, Ovyeleke et al .1987) and were
supported by other results (Cole ef al,1963
and Cooke et al , 1972).
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