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ABSTRACT

Two trials were conducted to evaluate the
utilization of palm kernel meal (PKM) in the diets of
weaner and finisher pigs. _

In the first trial, forty-five (45) crossbred
(Large White x Hampshire) wecaner pigs (30 boars and
15 gilts of averape initial weight of 13.69 kg were
fed diets containing 0, 10, 20, 30 and 40% palm kernel
meal. Three pigs were randomly assggned to pens based on
initial weight group and sex. There were three
replications and five treatments in a randomized block
design. At the end of the 56 - day trial period, weight
gain and feed intake were not significantly different
(P2 0.05) across treatments. Foed to gain ratio at 10%
PEM was not significantly different (P2 0.05) from
those on control. However, feed to gain ratio at 20, 30 and
40% PKM were significantly higher (PL0.05) than thosc on
control. Faed cost per kilogramme gain at 10% PKM was
not significantly different from that of the control
but was significantly reduced (P(0.0’I) as the level
of PKM increased in the diets.

In the gecond trial, thirty-two (32) crossbred (Large
White x Hampshire) finisher pigs (116 boars and 16 gilts)
of average initial weight of 441.55kg were fed diets
containing O, 20.55, 40.10 and 61.6% PKM. There were |
four replications, two pigs per pen and 4 treatments
in a randomized block design. At the end of the 64 -
day trial period, the results showed that feed intake
was not gignificantly (FX0.05) different across

treatpents. Wedght gain of the pigs fed the control
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and 20.5% PXM diets were not significantly (P 30.05)
different from one another but were significantly
(P 0.05) higher than gains of pigs fed 41.10 and 61.65%
PKM diets. Feed to gain ratio for pigs fed 61.65% PKM
diet was significantly (P £0.05) poorer than the pigs
fed O, 20.55 and 41,10% PKM diets. The foeding of 41,10
and ©1.6%% PKM diets significantly (P (0.01) reduced feed
cost per unit gain compared to the control and 20.5%s |
diets. All carcass traits(dressing %, percentages of ham,
shoulder, loin and belly, lcin-eye area and backfat
thickness) meagured and the weights of the internal organs
@npty stomach, liver, lung , heart, kidneys and spleen)
did not differ significantly due to treatments.

It is concluded sthat young pigs can be fed up to 40%
PKM diets without affecting their performance. The level
of 20.55% PKM caused weight gain in finisher pigs as
in the control diet without PKM. Levels of 41.10 and.
61.6%% caused weight gain which were significantly (P <0.05)
lower than those of control and 20.5% PKM diet but lower
(P{0.05) feed to gain ratic and feed cost (PL0.01) per
kg gain. The feeding of up to ©1.6%%6 PKM in the dicts cf
- finisher pigs has no adverse effect on the carcass
characteristics of pigs. PFor cconomic reasons, higher
levels (41.1C and 61.6%%) of PKM are recommended for

finisher pigs.
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CHAPTLR ONE

INTRODUCTIONR

The population of Nigeria is inereasing at an
alarming rate but the production of foodstuffs to feed
the populace is inecreasing at a nuch slower rate.

The state of nutrition of the world is at a crisis
point, Between 1970 and 1980, Nigeria's focd production
index rose at the rate of 1.5 - 2.0% while the population
growth rate wag between 2.9 - 3%.2%. Thus the food profuced
could not feed the taening population (FAQ, 1980). The
situation resulted in the scarecity of essential food itens
and when they were available, they were always very expensive.
In the past attenpts were made to solve the problem, thourh
the consurption of some food items: had adverse effect on
the country's foreisrn earnings. However, the increased drive
by Governnent to promote increased local production of
foodstuffs in the 1980s has resulted in reduced importation
of food itens, |

An obvious effect of food shortage is the uccurrence
of walmutrition. TFAO (1975) reported that even when the
staple cereals and tubers in the diets meet the minimun
requirenents for calories, they are deficient as sources
of protein especially the esgential amino acids. These
unbalanced diets result in retarded growth, kwashiorkor and
a nurber ¢of nutritional diseases commonly found in the
developing countries.

' Idvestock and poultry are known to be efficient
gources of preoteins and essential amino acids. The
superiority of animal protein over vegetable proteins hag

longz been established and accepted. Animal protein supplies



all the essential anino acids required by man in
gingle, unaltered products and contribute substantial
~anounts of the essential nminerals and vitamins which
pay be deficient in vegetable proteins (Oyenupa, 1974).
Busebio (1980) reported that pigs are second to
poultry in the production of edible meat per tomne of
liveweirht. But he stressed that there are sone factors
that linit the expansion of pig production. OCne of such
factors is the fact that piss compete with man in the
consutiption of cereals and oil geeds. Naturally, man's
interest will override that of the pigs hence most of
these food itens are consumed by man.
A situation hag therefore come whereby nan rmust
look for wvorious wayas of increasing frod production.
This will enable man to produce encugh foodstuffs so as
to reduce the problemns associated with malnutrition
and also cater for the livestoek industry. The livestock
industry, with reference to swine production in particular;
mist Le provided with alternative feed sources that are
readily available, cheap and nutritioﬁally balanced.
Attenpts are therefore made to find alternative
sources of feedstuffs or their by-products for these
anigals which the huwmans cannot consune. Such feedstuffs
or by-products include oil secd neals, brang, hulls,
middlings, brewers spent grains, fruit pulps, single
cell protein aml a host of others (Oyenuga, 1968} FAO,
1975; Babatunde et al., 1975} Fetuga gﬁ_éi.)1977a,bi ) e
Paln kernel neal is a by-product of the mechanical
or solvent extraction of the palm kernel from the oil

paln tree (Elaeis guineensis Jacq). The o0il palm trees



are abundantly grown in the Southern rain forests and in
the guinea savannah zones of Benue and Kwara ftates of
Nigeria yiclding thousands of tonnes of palm kernels
(Zeven, 19673 Ng, 1972). Nipgeria was the leading world
producer and exporter of palm kernels in the 1960s (F40,
1975) .

Reports of the analysis of Palm Kernel Meal showed
that it contained 18,6 - 21.3% crude protein and 9.06 -
11.4% crude fibre, TResults of feedine trials indicated
that pips perforred satisfactorily on, and are ahle to
tolerate palm kernel meal based diets. (Carstenen, 1932;
Oyenuga, 1968; Petuga et al., 1977a,b; Nwokolo et al., 1977).

Palnm kernel neal appears to be cheaper than other
convenitional o0il seed meals like groundnut cake and
soyabean meal. Thus, considering its nutritive value, palm
kernel meal could be a useful feed ingredient in the diets
of swine. .

The objective of this research work is to investipate
the value of palm kernel meal in the diet of pigs. This
is with 2 view to deternining the level at which palm kernel
meal can be incorporated in the diets of pips without
adversely affecting their performances. The economics of

paln kernel meal inclusion are also to bhe considered,
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CHAPTER TWO
2. o LITERATURE RAVIEW
24T Producticn and Utilization

" The oil palm tree (Flaesis guinecnsis Jacq.) grows

abundantly in the tropical rain forests lying between

12°N and 12°3. It is essentially grown in tropical

rain and savannah forests of southern Nigeria (Hartley,

19673 Oyenuga, 1968). The major econonie products of

the o0il palnm bree are palm oil, palm kernel and palm

kerncl oil which are obtained fron the fruits, These

products are used either in the homes or industries.

The world's leading producers of palm kernels in the 1960s

are shown in table 8 (Zeven, 1967; Ng. 1972.) |
The by-product of the mechanical or sclvent extraction

of the oil palm kernel is palm kernel meal (PKM).

Literaturc indicates that palm kernel meal has long been

fed to various livestock and poultry (Schmdt and Vogel,

1932; Carstenen, 1932; Vogel, 1932; Temperton and Dudley,

1941). These reports showed that the animals performed

satisfactorily when fed certain levels of palm kernel in

their dicts, |

2ela Nutritive Value of Palwm Kernel Meal

The chenical make up of any feedstuff, to a great
extent, deternines its nutritive value egpecially when it
is to form part of the ration of an animal. Variations
do occur in the chemical composition (dry matter, energy,
crude protein, crude fibre, @ther extract, ash and
- nitrogen free-extract) of samples from the same feedstuff

(Maynard, 195%; Crampton and Harris, 1969).



5

In the case of palm kernel meal, these compbsitional
variations may be due to the variety, soil type, method
of processing -~ mechanical or solvent extraction and
the extent to which oil has been extracted (Hartely,
1967 ; Zeven, 1967). Yeong (198%) analysed samples of
PKM in Malaysia and compared with samples from elsewhere.
He observed that there were regional differcnces in the
composition of PKM. The accuracy and method of
laboratory analysis also contribute to these differemces.
Crampton and Harris (4969) noted that inspite of its
limitations the proximate analysis is prebably the most
generally used and accepted chemical scheme for
describing the nutritional properties of feed-stuffs. The
chemical camposition of PKM by various workers is shown
in tables 9 and 10 of the appendix.
2e24%a _ Dry Matter .

e
This refers to the amount of moisture in the

feedstuff, The moisture content or dry matter
determination is important in bulk purchasing and storage
of feed ingredients. Crampton and Harris (1969) observed
that feeds containing more than 14% moisture could wmot be
stored in bulk since they were likely to be mouldy. On
the other hand, animals universally dislike dusty feeds
(that is, fecds low in moisture content), and consequently
eat raticns prepared from powdery ingredients less readily
than rations with a more granular compsition (Crampton and
Harris, 1969)eVarious workers have recorded a range of
89,00 - 91,00% dry matter for samples of PKM (Oyenuga,
1968; Owusu-Domfeh gt al-1970; Fetuga et al., 1973a).
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Calel e Protein

Compared with the conventional plant protein
supplenents like groundnut cake and soyabean meal, palm
kernel meal is very low in its protein content. Reports
in the literature indicate that the crude protein content
of PKM ranges between 18.5 and 21.3% while for groundnut
cake and soyabean meal, the crude protein ranges from
45.0 - 49,9% and 44.0 - 51.2% respectively (Oyenuga, 1968;
Owusu-Domfeh ¢t al., 1970, Fetuga €t al., 1972a; Oyenuga |
and Fetuga, 1975y Nwokolo et 2l.,1977, NRC, 1979; Onwudike,
1987a) «

2.2.3%, Amino Acid Profile

The protein content serves as an index of the total
amino acids of a feedstuff and at the same time as a source
of energy. The awino acid quality of a feedstuff determinesg
the extent to which its protein is utilized.

Collingwood (1958) and Oyenuga (1968) obgerved that the
protein of PXM contained all the essential amino acids
except for methionine which was limiting (Tables 10 and 11).
They noted that it would be a useful feed ingredient for
monogastric animals. Owusu-Domfeh et alf(1970) also obtained
amino acid levels of PKM samples ffom Ghana which were
similar to those reported by other workers except that the
Ghanaian PKM was low in sulphur amino acids - methionine
and cystine - which might be due to acid hydrolysis. They
algso observed that the first limiting amino acid in PEKM wag
lysine followed by methionine and tryptophan and reported
the values of 3.12 and 1.22 g/ﬂﬁ&”for lysine and methionine
raspectively. Oyenuga (1968) had a earlier reported the
values of 3,50 and 2.30 g/16gN for the resgpective amino acids.
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In a report on an agsdy of amino acids of same Nigerian
feedstuffs, Fetuga et al (1973a) observed that amongst
the plant proteins, the cashew nut meal and PKM gave the
highest total sulphur amino acid values (3.18g/16gN). The
PKM gave a higher methionine content (1.74g/16gN) or
than either the cashew nut meal (1.4g/16gl) or groundnut meal
- (0.91/16gN). Nwokolo et als{1977) reported values of
3.45g/16gN and 2.35g/16gN respectively for lysine and
methionine.

In a morc rccent report, Onwudike (1987a) recerded
the values of 3.56 and 1.69g/16gN for lysine and methionine
of PKM. Yeeng (1983) reported on the amino acid content
of Palm K@?cl meal from Malaysia. He observed that the
values were lower than those reported elsewhere. He,
thereforc,concluded that regional differences might have

been respongible for these variations.

2elolte Crude Fibre

The crude fibre of a feed is that portion which remains
insoluble after it has been boiled with dilute acid or
alkali, It consists mainly of lignin and collulose
(Woodman and pvans, 1957a). The crude fibre is an index that
can be used to predict the feeding value of feed ingredients,
A feed ingredient that is high in crude fibre content is
usuqlly less digestible and less nutritive to the monogastric
animals.

Reports show that the crude fibre content of PKM
varies from 9.,06% (Oycnuga, 1968) to 10.3%% (Fetuga et al.,
1973%a) while Owusu-Domfeh et al.. (1970) recorded its
cellulose content to be 37.02%. MNwokolo et al. (1977)



reported that the acid detergent fibre and acid detergent
lignin of PKM were respectively 45.? and 24.%. These results
showed that PKM has & high content of crude fibre compared

to groundnut cake with 4.5% CF (Fetuga et al., 1973a) . l
Oyenuga (1968) and Owusu-Domfeh et als (1970) observed that

the high fibre content, dry and gritty nature of PXM did

not allow animals to acctept it readily in their rations.

2-2-5. Ether mxtract . *

This is the oil content of the feedstuff and its
values depend largely en the extent of the o0il extraction.
Cyenuga (1968) recorded a value of 8.3% while Feguga et al,
(1973%a) indicated a value of 6.74% as the ether extract of
PKM samples. A much lower value of 1.71% ether extract
was recorded by Owusu-Domfeh ot al. (1970) for Ghanaian
samples.

In comparison with other protein sources of plant
prigin, Oyenuga and Petuga (1975) recorded the values of
6.7, 6.4, 7.2 and 5.6% as the ether extract of PKM,
groundnut c¢ake, soyabean meal and cotton seed cake
respectively. The ether extract portion of the feed, apart
from providing some essential fatty acids, results in

improved cnergy utilization.

2 el eOu Ash Content

This is the inorganic residue from the firing of a
sample at about 600°C, The nutritional significance of
the ash or mineral content depends on the feed under
consideration, The total agh values of PKM as recorded by
several workers ranges between 3.72 and 5.67% (NRC, 1979;
Oyenuga, 1968; Owusu-Domfeh et al., 1970; Fetuga et al.,1973a).

L]



These workers also reported a range of 0.21 - 0.31%
for calcium and O0.41 - 0.74% for phosphorus in PKM samples.
Nwokolo et al. (1977) recorded values of minerals in
PKM similar to those of NRC (1979). In an esarlier report,
Nwokolc et al. (1976) observed that the mineral content
per kg of PKM were caleium, 3.6g, phasporus, 8.0g,
magnesium, 4,4g, managanese, 135mg, iron,; 356mg, zinc, 471mg
and copper, 27mg. This is an indication that PKM is only

very low in copper and zinc.

2.2.70 Nitrogen -~ Free ixtrict

This is the water soluble portion of the carbohydrates
of a feedingstuff. It i1es primarily a source of energy
to the animal, The range of nitrogen-free extract
recorded for PKM samples by various workers is %8.19 -
56.70% (Oyenuga, 1968; NRC, 1979; Owusu-Domfeh et al., 1970;
Oyenuga and Fetuga, 1975 ; . Fetuga et al., 1973a).

2.2.81% Gross Energy Content

An accurate knowledge of the encergetic worth of a
feed is eesscntial for an efficient production. The energy
density in the diets of animals governs the intake of all
the nutricnts. The gross energy (GE) of the feedstuff is
the total potential energy of that feedstuff when it is
completely cxidized in a bomb calerimeter at 25 — 20
atmospheres of pressure (Maynard, 19%3). The GE i1s not
usually all available to the animals beecause there are
lossess at various steges of feud digestion and utilizetion.

The value of thegross' encrgy of palm kernel meal
deponds, to a certain extent on the method of extraction.

Palm kernel meal samplos extracted by mechanical method
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have higher.gross energy values than those obtained by
solvent extraction. This is because the former rebvains
more oil and hence the higher caloric value.

Reports indicate that PKI samples had a range of
between 4,20 and 4.68 kcal/g gross encrgy values., Owugu~
Domfeh ¢t al.. (1970) obtaincd a valuc of 4.28 kcal per
gramme for the pgross encrgy of palm kernel meal sanples
while ¢lightly highcer vanlues of 4.42, 4.%24, 4.46 and 4.37
keal /g rospectively were recorded by PFetuga et al., (1973a)
Oyenuga and Fetuga (1975), Cluyemi ct al. (1976) and
Omwudike (1987a2). 1In their analysis, Nwokole ef al. (1977)
recorded 4,68 kecal/g as the gross energy of palm kernel

meal samples.

243, Digestibility of Nutrients in Palm Kernel Meal

Digestibility refers to the breakdown of a feedstuff by
the digestive cnzymes 1n the gastrointestinal tract to a form
that is readily available to the animal.

Regearch findings indicate that the digestibility
of other mutrients in the dicets of animals is depressed
as o result of feceding fidbrous feoedstuffs (Crampton and
Harris, (1969). Fetugnr ¢t al. (1973%2) observed that the
crude fibre contonts of African locustbean (10.%) &dd PKM
(10.3:) were very high compared to that of the cashew meal
(1.2%) and concluded that fibre could result in a2 lowered
digestibility of the protein of PKM thus reducing the oxtent
to which the associnted amino acids could be utilized., These
workers indiecated Ehmt the fibres in polm kernel meal were
of structural nature and might be arranged snd distributed
in such a way thot protein is trapped by the fibres. This

would resigt the digestion by cnzymes and bacteria in the
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gastro-intestinal tract of monogastriec animals and might
even protect some proteinous materials trapped within them
from the hydrolytic breakdown in the digestive tract.
Collingwood {1958}, Oyenugx (1968) and Owusu-Domfeh
¢t al, (197Q) observed that the low digestibility of palm
kernol mcal might be due te itg fibrous, dry nd gritty
nature which could cause considerable salivetion during
mastication in the monogastric animals. They, thurefore,
suggested the fueding of PKM to moncgastriesnimals on a
limited basis. Oycnuga (1968) emphasised that PKM should
be intreduccd gradually into the rations of monogastric
animals and fed in small quantitics mixed with other pala-
table foudstuffs like molassess The author recommended
the usc of PKM in the divts of ruminant animals.
Fetuga et al. (19732) observed that the apparent
digestibility of protein from PKM was significantly inferior
to thesc for coocked and autcclaved cashew seed meal, soyabean

meal and groundnut meal.

Research findings indicate that the average %
digestibility of PKM (appendix table 11) ranged betwoen
64,4 and 84.%: (Nwokolo et 4l., 1977;Yeong, 1983; Onwudike,
1987a). In a trial with broiler chicks, Nwokolo et al.. (1977)
reportcd that the percent amino acid availability of PEM
ranged between 63.3% for glycine and 93.20% for arginine.
They rccorded an overall average of 84.%:. These workers
indicated that lysine (90.0%) =nd methionine ( 91.4%4) in
P were highly availablea.

Working alsc with broiler chicks, Yeong (1983)
obtained an average of 64.4% of available amino acids
in PKM, The values of 58.6 and 72.1% were recorded for

lysine and methionine respecctively.
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“TIn a more recent study invelving starter and grower

chicks, Onwudike (1987a) observed that the percent amino
acld availability in PKM ranged between 52.1% (glycine) and
92.7% (Arginine) and apoverall average of 84.%%. This
author reccorded the values of 88.9 and S2.1% for lysine
and methionine respectively.

Reﬁorts indiented that the mineral content of PKM
is averagely available to monogastric animals. Nwokolo
et al.. (1977) notcd that ealeium and phosphorus were
highly averilable compared with other minerals. These
authors obtained the following valuce as the percent
availability of the different minerals in PIM: calcium
(68.6%))phosphorus (70.8%))magnesium (56.@%),copper
(44.7%) and zinc (13.9%) and an gverayj Mineral availability
as 50.1%. o

The c¢fficiency of féed.utilization depends greatly
on the proportion of the ecnergy of the fued that is available
Yo the animal. The intake of other feed nutrients is, to
a large extent, affected by cnergy availability of the
feedstuffs (Crampton and Harris, 1963).

The digestible encrgy (D.E.) is the gross encrgy
of a feedstuff less the faeeal energy. For farm animals
on well - balanced diets the faecal encrgy losses ranged
from 20 to 50% of the gross energy (lMaynard, 1953). The
metabolizable encrpy (MiE.) is the digestible encrgy less
the urinary energy and the energy of the gaseous products
(methane) of digestion. The latter is not usually considered
for moncgastric animals (Wiseman and Cole, 1979).

Oyenﬁga and Fetuga (1975) observed that the D.E.
M.E. and, Mino. {(zero nitrogen retention) for PKM samples

were 3.28, 3,09 and 3%.00 kenl/g regpectively. Compared
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with other plant protcein sources, the workers noted that
the D.Es and M.E. of PKM were lower than those of groundnut
meal (4.21 and %,90) and cotton seed cake (3.29 and 3.15)
keal/g respectively.

Owusu-Demfeh et al. (1970) had ecarlier indicated
that the energy digestibility (24.7%) in PKM was exce-
ptionally ;7 lower than those of other plant protein sources
in their trial with rats. Fetuga et al. (1973b) nmade
similar cobservations when dicts containing PKM were compared
with thosc of other plant protcins sources in a trial with
the mice,.

In trials involving poultry, several investigators
have reported varying values for metabolizable energy of
palm kernel meal. The values reported include 2.70 kcal/g
Oluyemi ¢t al. (1976), 2.80 keal/g Wwokolo ¢t al. (1977),
2.65 kecal/g Cnwudike (19872) while lower valucs of 1.48
and 1.61 keal/g were respectively reported by Yeong et al-
(1981) and McDonald et al. (1973). Oluyemi ¢t al. (1976)
observed that with oll seed meals, the G.E,, D.i. and M.Ee.
values may vary widely for different batches of the feedstuff.
This is because of the variable luvels of residual eoil in
these meals depending on whother the oil is extracted by
mechanical or gelvent nethod, -

Nwokolo ¢t al. (1977) showed that the M.k. of alkall
treated PKM samples (1.845 Keal/g) was significantly (2/0.01)
lower than the MJoE. of the untreated PKM (2.80 kcal/g).
They obscrved that alkali treatment of PKM was not a uscful
process for improving its encrgy availability to poultrys
birds. In formulating the rations of poultry birds,

Yeong and Mukherajee (1983) suggested that PKM should be kept
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at a lower level so that the dietary energy level could
be increased to a higher level by adding energy feedstuffs
like grains or energy rich by-products. The workers
reported that this was due to the fibrous nature of PKM
which depressed the digestibility of other nutrients when
fed at high levels in the diets.

2.4. Utilization of Palm Kernel Meal by Rats, Ruminants
and Poultry

2.4e1. Rats

Reports indicate that owing to the low digestibility
of palm kernel meal as a result of its high fibre content
and gritty nature, rats and monogastrics, in peneral, cannot
utilize the nutrients in PKM efficiently (Oyenuga, 1968;
Owusu-Domfeh et al., 1978).

Fetuga et al. (1973b) observed that compared with
other plant protein sources, the rats fed PKM showed a
slower growth rate; an indication that PKM was not well
utilized by rats. They pointed @ut that PKM showed
nutritive value lower than the cashew nut and groundnut
meal and much poorer than animal protein concentrates
except blood meal. The high fibre content of the palnm
kernel meal resulting in low digestibility has been

attributed to its low nutritive value,

2.4.2. Ruminants

The ruminants differ from other monogastric animals
in having cnlarged complex atomachs made up of four
compartments., This large capacity is essential to allow
feed retention so that micro-organisms can break down
cellulose and other complcx carbehydrates. The enzymes of
monogastric animals cannot hydrolyse such complex carbehy-

drates.
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Schmidt and Vogel (4952)Iand Vogel (19%2) used PKM
in the rations of dairy cattle and obtained satigfactory
results. They recommended the use of palm kernel meal
for producing good gquality butter fat. The use of PKM as
a source of protein for growing cattle has been reported
to produce satisfactory results; Umunna ¢t al. (1980)
observed better growth rate and efficiency of feed
utilization when PEM was fed at 20 and 40k levels in the
diets of growing cattle compared tc the control.

Bascd on the total performance and cost considerations
Kwatu et al. (1983b) rcported that it was economical to use
up to 403% PKM in the ram fattening diets. They cbserved
that the fattoning rams fed PKM at 20 and 40% levels in
the corn~based diet yielded better live-weight gains and
feed to gain ratios compared to the contro’. However,
carcass traits were not significaﬁtly affected by PXM
inclusion in the rations. Kidney and mesenteric fat values

decreased as the level of PKM inclusion increased.

2.4.5& POU.ltElz

The use of palm kernel meal in poultry rations has
been on a limited basis. Oyenuga (1968) observed that palm
kerncl meal was.not palatable to poultry because of its
gritty and dry nature and should be gradually introduced
into the rationsof the birds.

Temperton apd Dudley (1941) used PXM in combination
with the groundnut meal in poultry diets and conecluded that
when PKIM substituted for wheat middlings and groundnut meal

‘ for fish meal and skimmcd milk, satisfactory ege production

was maintained in batteries over a period of nine months.
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It appears that the formulation of the di<ts containing
PKM plays a significant role in the utilization of the diets
by the various classes of poultry. Nwokolo et al. (1977)
and Onwudike (1987a) observed that an effective usec of palm
keérnel meal by poultry could be achicved by combining it
with other protcin sources to provide a better and balanced
diet especially in terms of amino acid combination.

Yeong ¢t al. (1981) observed that the feeding of
(0, 15 and 30%) PKM to poultry without balancing the
energy and other components of the dicts affected feed in-
take, They observed that body weight gain and feed to gain
ratios of birds receiving rations with lower levels
(0 and 15%) of PKM were superior to those on higher level
(30%) of palm kernel meal.

Onwudike (1987b) fed PKM at 28 and 35% levels in a
trial with gtarter and grower chicks. He concluded that
with starter pullcts, PKM protein could replace up to
60% (that is, 28% of PKM in the dict) of the protein
supplied by groundnut cake without any deleterious effects
on their performinee. Beyond this luvel, the ratc of growth
and feed conversion c¢fficicnecy were significantly dapressed.

The replacement of all the groundnut cake .protein by
palm kerncl meal in the diets of grower pullets did not
produce any significant effcct on the performance °f the
birdse. At laying, egg production, egg weight, weight of
first cggs drapped and feed intake were not signifiecantly
affected but the cost of fecd per kilogramme gain decreascd
gignificantly with incrc¢asing levels of palm kerncl meal
(Onwudike, 1987b).

Armas and Chicco (1977) fed 0, 15, 36 and 45% levecls

of palm kcrnel meal with or without lysine¢ and mcthionine



17

supplementation to 5-day old broiler chicks. They observed
that the average weight at 4 or 6 wecks of age was less
with the 45% PKM dicts than with the other groups. In
Malaysia Yeong ¢t al. (1981) comparcd levels of O - 30%
PKM in the dicts of broiler chicks and recomm:nded the 1%
loevel of PKM for optimum performance of broiler chickse

Armas and Chico (1977) attributcd the reduced performance
of the birds as the levels of PKM increased in the
rations to the inereased level of dictary fibre which
resultced in depressed digestibility of other nutrionts in
the diets. It was furthoer observed that the abdominal
fat deercascd sigpificantly ns the levels of PKM in the diets

of broilcr chicks increascd (Onwudike, 1987¢).

249 Utilizntion of Palm Kernel Mecal by Pigs

2.5.1. gffcet of Palm Kerncl Meal on Performance
Characteristics of Pigs

Palm Kerncl meal has becn considerced as a fibrous
feed ingredicnt. Dictary fibre was for long thought to be
of littlc nutritional value for simple-stomached animals
including pigs. Early reports (Woodman and ivans, 1947a;
Forbes and Hamilton, 1952), however, obscrved an apparent
digestibility of the plant cell walls by pigs 2s high
as that rcported for ruminants, Later reports proved that
dictary fibre had nutritional value and that it contributed
to the maintenance of monogastric animals. (PFarrell and
Johnson, 1970). Reports alsc indicated that dietary fibre
had becn used to producc better performance and good quality
carcasses in the market pigs (Bohman et al., 19533 Crampton

et al,, 1954; Pond et al., 1962).



18

Oyenuga (1968) observed that the fibrous, dry and
gritty nature of palm kernecl menl rendeared it inefficient
in the nutrition of pigs. He, however, suggested that
i% could be fed ap low levels and mixed with pzlatable
fecdstuffs like molagses. Babatunde ¢t al. (1975),
used PKM as the scle protein concentrate or with other
protein concentrates in the diets of growing pigs. They
fed 45.63% PKM to weaner pigs nnd obgserved that the
pigs gained at 2 rate significantly (P/0.05) lower than
thogc on other protein concentrates (fish wmeal, blood
meal and milk powder)., Sinmilarly, the efficiency of feed
utilization wag significantly poorer for pigs on the PKM
diets than those on any of the other protein sources. The
feeding of 32% PKM diet to finisher pigs by the same authors
produced similar trends as for the weaner pigs.

In another trial, Babatunde et al. (1975) fed
33 -~ 4965 PKM diets supplemented with 3 - 15% blood meal,
groundnut cakc, fish meal or milk powder, in finigher pigs.
The pige on the control diet without PKM inclusion
were significantly better in terms of weight gain and feed
to gain ratio. These workers attributed the better
performance of the animals on PKM supplementced with fish meal
and lysine diets to the comhipation of lysine and methionine
in PKM and fish neal.

In an expariment invelving growing finishing pigs,
Fetuga ct al. (19772) fed dicts containing 18.8 - 46.%%
PKM and 4.6 - 11.%% bleood meal to pigs. They observed that
there were gignificant declines in the rate of growth, feed
and.enﬂrgy conversion efficiencies asg the proportion of PKM

in the dicts increased. However, fecd intake wns not affected.

-,
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The workers agreed that the better performance of the
animals receiving high blocd meal and low PKM dicts was as
a result of the complementary effects of the amino acid
pake=up of the two ingredients. Blcood meal is & protein
source which ig high in lysinc but very pcor in methionine
and cystine (Fetuga ot al., 1973a) but the reverse is the
cage for PEM (Owusu-Domfech et al., 1970). However, an
earlier report by Oyenuga (1968) revealed that methionine
wasg the limiting amino acid in PKM. )

In order to improve the aeceptability of PKM by plgs,
as earlier suggested by Oyemuga (1968), Fetuga et al. (1977)
incorporated cane molasses in the dicts of finisher pigs
containing 33 - 328% PKM. This 2c¢cording to them, would
improve palatability and efficloncy of nutricnt utilization
for the growth of the animals. These workers obscrved
significant improved growth rate, feed intake and feed
conversion efficicncy in the diets containing c¢ane molasses,
They concluded that the improwved performance was obtained
through improved digestibility of the fibre fraction of paln
kernel neal.

Oyemuga (1968) had earlier implicated the fibrous,
gritty and unpalatable nature of PKM as some of the
factors lindting its use in the diets of pigs. Bub
Fetuga ct al. (1977a,b) revealed that by careful
combination of fecd ingredients, palm kerncl meal could be
ineluded in the dicts of pigs to produce satigfactory or
improved performance. Oyenuga and Fetuga (1975) observed
that encrgy was less efficiently utilized in PKM by
growing - finishing pigs, hence it could be used in
fattening pig dicts where dictary encrgy restriction is a

desgirable practice.



20

2.5.2. Effcet of Palm Kernel Meal on Carcass Characteris—
tics of Pigs.

Reports in the literature indicate that the inclusion
of fibrous fcecdstuffs in the dicts of futtening pigs
results in lcaner and supcerior carcass quality.

In a trial with growing - Finishing pigs, Fetuga et al,
(19772) obscrved that inereased contribution of protein
fron PKM resulted in inereased dictary crude fibre but did
not produce significantly supcrior carcasses even though
it resultcd in recduced digestible encrgy intake. These
workers argucd that the diets containing less PKM had
blood me2l centributing more lysine. This may have
influenced favourably the growth of lean tissue in the pigs.

The inclusion of palatable feedstuffs like molasses
in the dicts of swine has becn observed to improve the
digestibility of the fibrous porticn of the diets
(Oyenuga, 1968; Brooks and Iwanga, 1967). Based on this
observation, Fetuga et al. (1977b) incorporated 1 - 30%
cane nolasges in 3% - 38% PKM based diets conbaining
6 = 10.5%% blcod meal in 2 trial with growing -~ fattcning pigs.
They observed supcrior carcass quality on PKM diets compared
to the groundnut cake based control diet. The superior
carcass quality obtained was attributable to the better
utilization of nutrients in the dicts by molasses coupled
with the anino acid combination of PKM and blood meal. The
authors concluded that the lower cost of PKM relatime to
groundnut cake and that of cane nmrl~hsses to maize could result
in additional econcnic benefits if PKM - cane molasses

combinations were used in formulating swine diets,
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2.4 Crude Fibre in Swine Diets
246e1s Fibre Utilization by Pigs

Pigs are fcd largely on concentrate feeds and the
ingredients of such fecds are generally chosen for their
easicr digestion. The pig is thus less able to use
fibre than other furm'livustnck. Its digestive tract
includes a simple-stomach of relatively small capacity
in constrast with the complex stomachs of the runinits
and the large caecum of the horses (Woodnan and pvans,
194733 Cunha, 1977). Crampton and Harris (1969) observed
that high fibre basal diets 2re normally fluffy and
carry low propertion of nutrients per unit volume rather
than per unit weight. This has been traced to the crude
fibre levels in such feedstuffs. Thus, the substitution
of high fibre fecds on 2 wcight for weight Yasis results
in reduced nutrient intake by the animals.

The incorporation of cellulose in pig diets
depresses the =2pparcnt digcstibilitics.of crude protein
and ether extract (Woodman and Evans, 19472)., The
authors indicated that the reduced crude protein digestibility
was probably due to a nunboer of factors: and ingcrease in
the netabolic nitrogen, an inecrense in the rate of passage
of feed in the alimentary canal and the shielding by
cellulose of the substrates from the digestive enzynes.

The chenical ?omposition of erude fibre is variable
but ccllulese is gencrally the major coumponent. The
differenccs in the composition nre probably responsible
for the wide range of digestibility differences of crude
fibre in the diets of pigs (Woodman and ivans, 1947a).

However, Farrell (1973) incorporated hich plant cell
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wall constituents (fodder cellulose) in the diet of
finisher pigs. He concluded that there were no asscciative
effeets cn the apparent digestibilities of dry nmatter,
energy and nitrogen in nixed dicte of greound lucerne and
pig ~ neal.

- Kuan ¢t al. (1983) observed that the proportion of
cell wnll material s extractefl as neutral detergent fibre
from lucerne leaf mwal in the diets of pigs resulted in
linear increoscs in the apparcent disestibilitices of dry
natter, cruds protoein, ether ¢extract and ¢encrgy. They
noted thnt there were ne significant «ffects on the
digestibility of fibre and ite components. However,
nitrogen retention inereaged linearly with increaged cell
wall mutcria%s in tho dicts,

The inclusgion of fibrous feods in the diets of pigs
have been reported to aflfect their growth rates, Parrell
and Johnuon (1970) fed dicts containing cellulose (Wood
dust) at levels of 0, 8 and 20% tc finisher pigs. They
observed that pigs on the hirh fibre diets had slower growth
rates and higher digesto weight in thecA®ewn accompanied
with retention tines of the digesta in the digestive tract.

The feeding of corn cobs 2t O, 7.5 and 15% levels to
growing pigs resultced in reduced daily weight gains and
higher fcecd to gain ratios. The average digestible encrgy
was not affected. The recducced woeight gains observed was
attributed to the dilution of the cnergy coentent of the diess
ag ‘the fibre content inereascd. The energy densisty and
not the bulk per se 1s pegponsible for the depressed weight
gains (Baird et al., 1975; Lloyd ct al., 1958).

De Goey and wan (1975a) fed young pigs 2 cellulose
diiucnt (Bolka flock) with the bagal dict. The body weight
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i
gain and feed to gain ratios werc not significantly
affected but the apparent digestion coefficients and energy

valugs deercased. They cencluded that the energy of the

“cellulose was not utilized by young pigs.

Fecding iso-nitrogenous and iso-culoric diets to pigs

‘Bowlond et al. (1970) cbserved that dietary nitrogen intoke,

nitrogen retention, envrgy intake el woeight gains were not
affected by increased crude fibre loevels. The deposition
of lean and fat also did not vary markedly as the levels
of crude fibre in the dicvts increased.

Several research findings indicate that if carcass
leaness is to be improved through feeding, the reduction
in dietary encrgy intake is requircd. Increasing the
fibre level, without increasing the energy level, can
acconplish this. DBub fibre itself does not increase
carcass leaness, the reduced total dictary emergy intake
does (Bohman ¢t al., 1953; Baird et al., 197Q; Bowland gt al.,
1970) .

A nmumber of workers (Bohman et al., 1953 ; Pond
et als, 1981) have linked fibre with increases in weight
and or length of the stomach and various segnents of the
gastro-intestinal tract. They suggested that the enlarged
stomachs and intestincs in pigs were a means of adapting
to the high fibre content in their diets which increased
the capacity of the gastro-intestinal tract and facilltated
microbial digestion in the lower segnment of the gutb.

Several factors such &s the source, components and
levels of incorporation of fibre in the diets of pigs have
been roported to feduce the utilization of fibrous feed by
pigs (Forbes and Hamiltom, 1952; Axelsson and Eriksson, 1953;

Fetugn et al., 1975; Cunha, 1977; Stanogias and Pearce, 1983).
' .
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Fibrc utilization in swine diets has been related to the
age and livewcight of thc pigs. Cunnighan et al. (1962)
observed thut only very little inereascs in the digestibility
of fibrc could be expectued with inereasing age and liveweight

of pigse
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CHAPTIR THREE

3e i EXPERIMENTS

374 EXPERIMENTS 4

THE EFFECT OF GRADED LEVELS OF PALM KERNEL MEAL
- QN THX PERFORMANCE CHARACTERIFTICS OF YQUNG PIGS.

507e7 e SUMMAR Y

: Forty - five (45) crossbred (Large White X Hampshire)
weaner pigs (30 boars and 15 éilts) of average initial
weight of 15.69 kg were fed diets containing 0, 10, 20,

30 and 40% palm kernel meal (FKM). Three pigs were
randomly assigned to pens based on initlal welpht group

and sex. There were three replications and five

treatments in a randomized block design. At the end of

% - day trial period, performance of pigs fed different
levels of palm kernel meal in terms of feed intake and
weight gain were not significantly (P?0.0S) different

from those on control diet. Feed to gain ratio at Q%

PKM was not significently (P70.05) diffefent from those

on control. However, feed to gain ratio at 20, 30 and 40%
PKM were significantly higher (P/0.05) than those on

control diet. Feed cost per galn at 10% PKM waq&gggnificantly
different from that of the contrel but was significantly
reduced (P/0.01) as the level of PKM increased in the diets.
It 1s concluded that young pigs can be fed up to 40% palm

kernel meal without adversely affecting their performances
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LI - INTRODUCTION

._; Animal production industry is geared towards
coﬁvérting cheap and avallable protein feedstuffs into a
more balanced animal proteins., Conventional protein
sources such as delinted cotton seed meal, groundnut meal,
Soyabean meal and Sunflower meal are expensive and their
inclusion in Swine diets may not be economical. Their
production is seasonal and their prices increase out of
the production season. Palm kernel meal is abundant and
cheap gource of protein compared to other conventionsl
sources. Palm kernel meal is produced in over more than
one third of Nigeria and it is the largest protein meal
in the country. The production of palm kernel meal is
not se;sonal as palm fruits all the year round. However,
the peak of production fQllg between the monthg of March
and May when seasonal protein mealk sourceg are scarce and
eXpensive. Nigeria used to be a leading producer and
exporter of palm kernel meal in the 196@s (FOA, 1975).

 Palm kernel meal contains 21.30 crude prokein, 43.70%
acid detergent fibre and 21.107% detergent lignin. The
availability of its amino acids ranged from €3 to 9%%
(Nwokolo et alj; 1977). Very few articles have been
published con the utilization of PKM by weaner pigs. This
might be because of its high fibre content and gritiness
due to excessive lignification. Babatunde et al. (1975)
fed PEKM as a major protein concentrate at levels of 32.00

46 ,%% in the diets of
and/weaner pigs. They found that weight gain, feed intake
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and feed to gain ratic were significantly depressed
at 30 and %% PKM levels compared to other conventional
protein dicts. Yeong et al. (1981) fed 0, 15 and 30%
PKM dicts to breiler starters and observed that weight
gain and feed to gain ratios of birds receiving O and
15% PKM were superior to those on 30% FKM diet. Onwudike
{19870) fed PXM at 28 and 35% levels to starter and
grower chicks. He reported that the 28% PKM diet did not%
feed to gain vratio and of the
affect the feed intake,/growth rate/birds. Oyenuga (1968)
indicated that pigs should be gradually introduced to
PKM diets and preferably mixed with other palatable feed

ingredients like cane molasses.
2 OBJiICTIVE

The present trial, therefore. investigates the
effect of feeding praded levels of palwm keruel meal on

the performance characteristics of weaner pigs.

Beletts MATERTALS AND METHODS

Forty - five (45) crossbred (Large White x Hampshire)
weaner pigs (30 boars and 15 gilts) of average initiaY
weight of 15.6%kg were involved in a 56 - day trial period.
The animals were randomly assigned to pens based on initial
weight group and sex. There were three replications of
five treatments in a randomized block design trial and
there were 3 pigs per pen.

The experimental diets werc based on graded.levels of

PKM at O, 10, 20, 30 and 40% as shown in table 1. Molasses

wag added to all diets at % level to improve palatability.

A
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Table 1: Graded Levels of Palm Kernel Meal in Pig
Dicts: Composition of Dicts and Analysis

Levels of PKM in Diets

Ingredients, % 0 10 20 30 40
Maize %4‘3 24 .48 26 .47 18.42 1044
Groundnut cake «80 26.81 24 .82 22.84 20.85
Palm Kernel Meal 0.00 10 .00 20.00 50.00 40.00
Maize Offal 10 .00 10.00 10.00 10 .00 10 .00
Rice Offal 10.00 10 .00 10.00 10 .00 10,00
Molasses 5.00 5.00 5.00 5.00 500
Bone Meal 2.5%0 2.50 2.50 2.50 2450
Common Salt 0.50 0.50 0.50 0.50 0450
Vit. Premix" 0.20 0.20 0.20 0.20  0.20
DL-Methionine 0.26 0.26 0.26 0.26 0.26
L-Lysinc % 0.25 0.25 0.25 0.25  0.25
Total 100.00 100.00 100.00 100.00 100,00
Feed cost per

tonne NV 1530 1419 1299 1179 1059
Proximate Annlysis:

CePey % 177 18.27 18.84 19.39 19.96
M.E., Keal/g® 3,24 3,30 3.3 3,32 3.42
Crude Fibre, % 9.63 10.%8 11.08 11.%8 12.82
Ether extract, % 2.28 2.%8 2.80 %.50 4.06
Caleium, % d 0.84 0.84 0.8% 0.83 0.82
Phosphorus, % 4 0.67 Q.64 0.60 0.57 Q.54
Lysine, % d 0.82 0.83% . 0.78 0.73 0.62
Methionine, % d 0.71 0.67 0.6% 0.59 0.55

% Roche Vitamin - Mineral Premix (VM502) contributed the
following per kg of diet Vit. A, 160,000 I.U., Vit. BB
1,600 I.U. Vit. £ 20.0 I.U., Vit., K, 7.4ng, Vit. B, 1.0ng
Vit. B, 4.0mg, Nicotinic acid, 24mg., Calecium D-panthot-
enate, 14.0mg, Vit. B, 2.0ug., Vit. Bio 16.0nmg Folic acid,
O.4mg, Biotin, 0.05nmg. Vit. C, 20.0mg, Chorine Chloride,
100ng, Zinc, 137mg Copper, 20,0nmg Iodine, 0.62mg, CobBalt,
0.7mg and Celenium 0.10mg.

b Prices of feed stuffs as at May, 1988 (Table 12)
¢ M.E. values from Ewan, 1976.
d Calculated analysis.
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 £11 animals wore dewormed with banminth prior
to commencement of the trial and a month later at the
rate of 25mg per kilogramme body wolght.Pigs were fed
at 4% of body weight and the feeding was twice daily
at 080C and 1600 hours throughout the experimental period.
Unconsumed foecd was collected and weighed back daily.
Animals were weighed weekly and the level of fecding was
adjusted to 4% of body weight daily. Water was continuously
avallable for the animals throughout the trial period -
Performance of Pigs was monitored in termé of feed intake,
weight gain, feed to gain ratio and the cost of feed
required per unit weight gaina

Preximate ﬁnalysis of test diets and major feed

ingredients were carried out according to the methods of
A.0.A.C. (1980), table 13, The gtatistical analysis of
the data collected was carried out using analysis of
variance procedure described by Cochran and Cox (1957)
and the differences between treatment means were compared
using the Duncan's Multiple Range Test (Steel and Torrie,
1960) .

%.7.5a RECULTS AND DICCUSSION

The results obtained from weaner pigs fed graded
levels of palm kerncl meal are summarised in Table 2.
Weight gain of the pigs (0.34 + 0.02kg) was not
significantly (P2 0.05) different across treatments. This
could due To the amino acid balance and adequate
metabolizable energy of the PKM diets as shown in table 1.
Although the first limiting amino acid in KM is lysine

followed by methionine (Oyenuga, 1968) these were balanced

b
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Table 2 :  Effect of Feeding Graded Level of Palm Xernel Meal in the Diets of Young Pigs - Day
Performance Dota

Porameters Levels of 'PEKM .in Diets Mean 9T wwmmWMHomﬂw
o 0 70 30 s
Ave. Initial weight, kg 13.75  13.67 13,98 1%.61  15.61 13.69  0.19 NS
Avg. Final weight, XKg. 32.5%% 31,80% 23,142 32.90% 32.98 32,67 0.28 s
Avg. Daily PFeed, Kg. 0.72 0.72 C.73 0.7%3  O.74 C.73 ©.05 NS
Avg. Daily Goin, Kg. 054 Q.32 0435 0.34 (.35 - 54 .2 NG
Fecd Gain 3.07%° 2,192 2,96® 2.99% »2.99° 3.04 C.05 +
Teed coct per kg gain, N 4.83%  4,50%  3,91°  3.47°C 3 _44C 3.96 0.65 -

——

gbe. Row zmeans with different superscripts differ significantly
+ (3/0.05)

% (F/C.C1)

NS Non~-Significant effect.
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for in the diets. In this trial, the levels of both
lysine and methionine met the minimum requirement by this
class of young pigs (NRC, 1979). However, Babatunde et al.
(1975) observed that a significant reduction in growth

rate of weaner pigs fed %2.0 or 46.9% PXM diets could be
due to reduced digeatibility. This was attributed to

the gritty and fibrous nature of the PKM diets compared

to groundnut meal, milk powder, blood meal and fish meal
diets. This result is not in agreement with *he one
obtained in the prescnt trial.

Yeong &t al. (1981) obscrved that the growth rate
of broiler starters fed O and 1% PKM dicts were éupcrior
to those on 30% PKM dicts. Also Onwudike (1987b) fed
PKM at 28 and 35% lcvels in the diets of grower chicks.
He observed that the 28% PKM was optimum for this class
of birds. These workers obscrved that the feeding of
higher levels (30 and 39/) of PKM reduccd the growth of
young birds. But in the present trial, the feeding of
up to 40% PKM dict had no adverse effect on the growth
rate of young pigs.

Feed intake (0.73 + 0.05kg) of pigs fed PKM diets
was not significantly differont compared to feed intake
of pigs on the control diet. This might be attributed to
the method feceding. The animals were fed at 4% of body
weight and there was no problem of feed refusal on the
high PKM dic¢ts. This system of fecding regime minimised
overfecding as obtained on ad - libitum or voluntary
feeding. PKM dicts were well accepted and readily consumed
by young pigs in the present trial, This is contrary to
the finding of Babatunde et al. (1975) who fed 32.0 and
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46.% FKM dicTs to weaner pigs and observed that PEM
diets were least congumed compared to groundnut meal,
milk powder, blornd meal and fish meal diets. This, they
attributed to the gritty nature of the palm kernel meal
diets,

' Feod to gain ratio of the pigs fed the 40% PKM
'dief was gimilar to that of pigs fed the contrel dietd
but was significuntly (P0.05) higher than the feed to
gain ratio of the pigs on 20, 30 and 40% PKM dicts. The
feed requirced per unit gain, for the pigs fed the control
diet was not significantly (¥70.05) different from those
fed 20, %0 and 40% PKM dicts. This might suggest that the
utilization of fecd nutrients for body weight gain in this
class of pigs compared favourably with the control diet.
This might be due to the adequnate amino acia balance of
the control and these PKM diets which must have enhanced
feed conversion efficiency. Babatunde et al. (1975) fed
diets containing 32.0 and 46.5% PKM and convetional protein
soﬁrces to weaner pigs. Thej observed that the pigs on
TKM diets had the poorest feed to galn ratio (6.35, 2.52,
4.07, 2.97 and 1.98) comparcd to those cn groundnut meal,
nilk powder, blood meal and fish meal dicets. This result
differed from the once obtained in the present trial. No -
reasens could be attributed In The observed reduction
(PL0.05) in feed to gain ratic of pigs fed the 10% PKM diet.
Yeong et al. (1981) and Onw&dike (1987b) on the other hand,
obserY?g that young chicks fed 15.0 and 28.0% PXM dicts

.

o
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had superior feed conversion efficiency compared to
those fed 30 and 3% PKM diets. This was attributed to
the poorer utilization of PKM diets by the growing birds
at the higher levels (30 and 35%) of PKlM.

The feeding of palm kerpel meal in the diets of
weaner pigs significantly (P£0.01) reduced feed cost per
kilogramme gain across treatments. The unit cost of the
diets used in this trial (1.54, 1.42, 1.30, 1.18 and 1.06
N/kg) indicated a 7.80, 15.52, 23.39 and 31.19% fall in
the unit prices of diets containing PKM compared to the
control diet. The feed cost per kilogramme gain of 4.83,
4,50, 3.91, 3.47 and 3.11 N/kg indicated a 6.83%, 19.05,
28.16 and 30.8%% fall when 10, 20, 30 and 40% PKM diets
were fed to young pigs. It is clear, therefore, that the
inclusion of as much as 40% PKM in the diets of young pigs
is beneficial in reducing feed cost and redu~-ing cost of
feed per unit gain. There is a drastic reduction in the
feed cost and less dependence on the groundnut cake and
maize which are too expensive for a profitable pig

production enterprise.

In conclusion, as high as 40% PKM can.be incorporated
in the diets of young pigs without adverse effect on their
performance. Feed cost is drastically reduced when 40%
PKM is fed in the diets of weaner pigs. The inclusion
of PKM in pig diets reduces the competition for groundnut

cake and maize as found in this experiment
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3.2, EXPERIMENT 2

THE REPLACEMENT VALUE OF PAIM KERNEL MEAL FOR
MAJOR ENERGY AND PROTEIN SCURCES IN THE DIULTS
' OF FINISHER FPIGS

]

3.2.1. SUMMARY

%hirty - two (32) crossbred (Large White x
Hampshire) finisher pigs (16 boars and 16 gilts) of
average initial weight of 41.55kg were fed diets
containing 0, 20.55, #1.10 and &1.6%% palm kernel meal
(PKM) . There were four replications, two pigs per pen
and 4 treatments in a randomized block design. At the
end of 64 - day trial period, results showed that feed
intake was not significantiy (PA0.05) different for pigs
fed TKM and those on control. Average daily gain and
final weights of the pigs fed the contrel and 20.5%% PKM
diets were not significantly different (P770.0%) different
from one another but were significantly (P<:0.05) higher
than gains of pigs fed 41.10 and 61.65% PKM diets. Feed
to gain ratio for pigs fed 61.6% PKM diet wasg significantly
(PL0.05) poorer than the pigs fed 0, 20.55 and 41.10%
PKM diets. The feeding of 41.10 and 61.69% PKM diets
significantly reduced (PL0.01) feed cost per unit gain.
All carcasg traits meagsured (dressing %, percentages of
ham, shoulder, loin and belly, loin-eye area and
backfat thickness) did not differ significantly due to
treatments. The weights of the organs (empty stomach,
1ivef, lungs,:heart, kidneys and spleen) were not
significantly affected by the level of PKM fed to the pigs.
It was concluded that 2C.55% PKM caucsed weight gain in

diets '
finigher/containing no PKM. Lcvels of 41.10 and 61.65%



FPKM caused weight gain which were significantly (P& 0.05)

lower, than those of control a?%.20.5 7, PKM diets but lower
(P{0.05) feed to gain ratio an@ﬁfeégoilst per kg gain,

The feeding of up to 61.6% PKM in the diets of finisher

pigs has no adverse effuct on the carcass characteristics

of pige. For economic reasons, these higher lcvels of

PKM are recommended.

3.2:2, , INTRODUCTION

. In recent years, the rising prices of livestoék
feeds and the scarcity of ceonventional protein concentrates
in fhe animal production industry have forced animal
nutritionists to look for alternative, cheaper and rcadily
available protein sources. Palm kernel meal (PKM) is
abundant in Nigeria and many tropical countries. Palm
kernel meal ig obtaincd from the palm kernels after the
extraction of the oil. In the 1960s, Nigeris was a
leading world producer and exporter of palm kernels,
exporting about 400,000 tonnes per annum (Qyenuga, 1968}
FAO, 1975). |

Palm kerncl meal is a cheap protein concentrate
containing 21.30% crude protein and 10.46% crude fibre,
The average availability of its amine acids is 84.40%
(Petuga 8% aly 1977a; Nwokolo et al., 1877). Oyenuga
(1968) indicated that pigs do not take readily to PKM
based diets because of its fibrous, dry and gritty natures
Babatunde et al. (1975) reported that the feeding of
52% PKM in dict of finisher pigs depresscd the feed

Jntake, weight gain and fced to gain ratio compared to
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other conventional protcin sources. Similarly, Fetuga
et al. (1977a) reported that the weight gain, feed
intake and feed to gain ratio of finisher pigs fed 18.80
to 46.50% PKlM divts were depressed compared with pigs
fed other protein dicts.

Although conventionally uscd as a protein source in
Swine diets, PKM has high amount of residual oil
depending on the method of extraction. This tends to
increase the cncrgy value of the feedstuff. NRC (1979)
and Oyenugza and Fetuga (1975) reported the valives of
2.88 and 3.09 Kcal/g respcctively as the metabolizable
energy for PKM samples PKM has not been used much in the
diets of finisher pigs and where it has been used the

levels appear to be very low.

3+2:50 OBJECTIVE

The objective of this study is, therefore to detecrmine
the optimum level of PKM in dicts of finisher pigs. This

is with a view to formulating cheap practical dicts.

3e2eke MATERIALS AND METHODS

Thirty - two (32) crossbred (Large White x Hampshire)
boars and gilts of averarme initial livewcight of 41.55kg -
were used in a 64 - day trial period. The pigs were
randomly assigned to peéns bascd on initial weight-group
and sex. Therc were 4 replications of 4 treatments in
a randomized block design trial of two pigs per pen.

Cooked full-fat soybean was used as the main
protéin concentrate in this trial. Soybean seed was

boiled for about %5 to 40 minutes in half-drum container.
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The soybean was removed with a basket, the water was
allowed to drain and then sun-dried for about 2 days.
Thercafter the soybean wae fround using a corn mill prior

to inclusion in the rations.

The experimental dicts (table 3) werc:-
1« A 15.8%% crude protein diet in which maize offal
and soyabean (full-fat) were the major cnergy

and protein socurces.

2. PKM fed at 20.5% of the dict replaced 29%% of
the maize offal and soyabean (full-fat) in the

control dict,

Ji £

3. PKM fed at 41.10% of thgﬂreplaced 50% of the
maize offal and soyabcan (full-fat) in the

control diet.

4. PKM fed at 61.65% of the dict replaced 75% of
maize offal and soyabesan (full-fat) in the

control dict.

All animals were dewormed prior to the start of the
experiment and at monthly intervals with banminth. The
dosage was 25mg per kilogramme body weight. Pigs were
fed at 5% of body weipht daily throughout the trial
period. All the dicts were offered to the animals
in weighed quantities twice daily at 800 and 1600 hours
throughout the trial pcriod. Animalg had free acccss to
water. Left over fued was collected, air dried and
weighed back. Pigs werc weighed cevery week and the level
of feceding was adjusted to Eﬁﬁggdy weight daily. The

performance of the animals were monitored in terms of
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Table 3: g%pprimcnt 2: Composition and Proximate Analysis
of D

iots in which Palm Rerncl Meal Replaced
major gnergy and Protelin Sources in Finisher Pigs

Tcvels of PRM in Dicts

Ingredicnts % 0 20.55 41.10 61.65
Maize Offal 5%.06 42.75 29.75 16.09
Boiled full fat

Soyabean 26.09 18.85 163 4 41
Palm Kernel Meal 0.00 20.55 41.10 61.65
Rice Offal 10.00 10.00 10 .00 10.00
Molasses 5.00 500 5.00 5.00
Bone Meal 2.00 2.00 2.00 200
Common Salt 0.5 0.5 0.50 0.50
Vit. Premix" 0.20 0.20 0.20 0.20
Methionine 0.15 0.15 0.15 0.15
Total 100,00 100.00 100.00 100,00
Feed Cost per

Tonne (N)b 1178 1023 869 214
Proximate Analysis

Crude Protein, % 15.83 16.16 16.50 16.85
M.E. Keal/g® 3.29  3.33 3450 3.67
Crude Fibre, % 11.61 12.30 12.88 14 .34
Ether Extract, % 4,96 5.84 738 8.38
Calcium, % d 0.67 0.72 0.75 0.78
Phosphorus, % d 0.617 0.67 0.74 0.80
Lysine, % d 0.67 0.62 0.56 0.51
Methionine, % d 0.52 Q.54 0.5 0.67 .

®Roche Vit-Mineral Premix (VM501) contributed the following
per kg of diet; Vit. A, 9,600 I.U., Vit. D; 1,600 I.U., Vit.
E 12, I.U., Vit. K, 1.6mg. Vit. B, 0.8mg., Vit B, 3.2ug,
Nicotinic Acid, 12.0mg, Calcium D-Panthotf&nate, 6.4mg, Vite.
Bg 1.6ng Vit. Bas 8.0mg, Folic Acid, 0.4mg., Biotin, 0.6mg,
Choline Chloride, 160mg. Manganese, 8.0mg., Iron, 4.0mg, Zinc,
46.8mg Copper 8.0mg, lodine, 0.48mg, Cobalt, 0.28mg and
Selenium, 0.01ng.
b Prices of Peedstuffs as at December, 1988 (Table 12)

¢ M.E. Values from Ewan, 1976.

d Calculated analysis.
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Fare quarter

Figure (1). Skeletal diagram of a park carcass te illustrate the
anatemical references for cutting the whclesale
(primal) cuts.
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feed consumpticn, weight gain and feed to gain ratio
throughout the 64 - dny trial period. At the end of the
feeding period, the cost analysis of the project was carried
out.

Sixtecn (16) aninals (8 boamgand 8 gilts) were selected
based on final weight across the ruplications, that is, one
pig from each pen. These were slaughtered to evaluate the
carcass quality, Prior te slaughtering, pigs werc fasted
overnight but had =access to water. The carcasses were
processed for data collection according to the procedure of
Euscbio (1980).

The hind foot was removed from the hind legs 1.5¢m above
the hock joint perpendicular to the shank line. The fore foct
was removed slightly (1.5cm) above knee joint perpendicular
to the line of the shank. The ham was removed by a cut between
2nd and 3rd saeral vertebrae along the axis of the shank, The
shoulder was removed by a cut between the 2nd and 3rd ribe
(thoracic vertebrae) and perpendicular tc the backline. The
loin was removed by cutting across the 10th and 11th ribee.

The belly was removed by separating the loin through a
cut of the tender loin 4cm, from the backbone following the
back bone. Back fat thickness was measured apposite the rib,
10th rib and the Jjunction between the 2nd and 3rd lumbar
vartebrae, Loin-eye area was neasured by a tracing of a cross-
section of the right and left longissimus muscles posterior
to the Jjunction of the 10th rib (thoracic vertebra) counting
from the anterior end of the carcass (fig 1).

Proxinate analysis of test diets and najor feed ingredients
were carried out according to the methods of A.0.A.C. (1980),
Table 14. Gross enerpy was deternined by Gallenkamp automatic
bomb calorincter. The data collected werc statistically
analysed using nnalysis of variance method by Coehran and Cox
(1957)« Trestment means were compared using Duncan's Multiple
Range Test (Steel and Torrie, 196L).
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Table #: Zxperiment 2: The Zf{fect of Feeding Paln Kernel lMeal Diets on Performance
Characterlstices of Finishing Pigs

Levels of PKN, in Diets

Paraneters 3 20455 4%.10 61.65 Mean SeEe WWWWWMMomBa
Avg. laitial Weight, kg  41.55 41,19  41.65  41.55 41.55 0.94 NS
Avg. Final Weight, kg 85.20%  80.35% 82.08° g0.14P 8t .49 2.70 .
Avg. Daily Feed, kg. 2.59 - 2.75 2.49 2.44 2457 Q.12 N5
Ave. Daily Gain, ke c.68%  o0.74* o.e4®  0.s8P 0.66 0.03 .
Fecd Gain Ratio z.62° 3,222 3.68% 4,20 3.9 0.1 .
Feed Coat/kg Gain (M) 4.26°  3.81% 3.2 3.00° 5.57 0.11 .

—— —— ———

a,b., <ow means with different superscripts are significantly different = (P/C.05) ** (B/C.01).

N. 3., Non-gignificant differcnce amcng treatment means.
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342450 RESULTS AND DISCUSSION

The results obtained from finisher pigs fed PKM
diets are presented in Table 4, The averape final
weight and weight gain of pigs fed the control and
20.55% PKM dicts were not significantly different. Both

however, produced significantly better gain (F<£0.05)
than the dicts containing 41.10 and 61.6%% PKM dicts.
This could be attributed to the lower lysine content at
those higher levels of PKM. The lysine levels were
0.67 and 0.62% at 0 and 20.59% in contrast to C.51%
at 61.6% PKM level:z. Babatunde et al-(1975)
investigated the inclusion of PKM at %3 and 49.0% levels
in finisher diets in terms of its growth promotion
abilitye. They observed that the pigs fed PKM diets
gained at a rate (0.20, 0.49, 0.35, 0.38 and 0.38kg)
significantly lower (P..0.05) than those on diets
containing groundnut cake, milk powder, blood meal and
fish meal. This result is in agreement with those
obtained in this work as their level of PKM of 33l was
above 20.55% used here. Babatunde et al¢(1975)
attributed this low performance to dcficiencieq£§§;ine,
leucine, threconine and phenylalanine levels in PKM diets.

Feed intake (2.57 + 0.12kg) of pigs was not
significantly different (P2 0.05) across treatments.
This could be attributed to the method of feeding. Pigs
were fed at 9% body weight daily and wherc left over
feed was available, this was weighed. This system of
feeding manapgement did not allow the animals to overfecd

as obtained on ad - libitum or voluntary feeding.
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Fetuga et al. (19774} fed diets containing between 18.8
and 46.5% PKM and 2.5 cane molasses., They observed
non-sigunificant differcnce in feed intake (2.12 + 0.17%g)
of the pigs. They attributed thic trend to the
incorporation of cane molasses which improved the
palatability of the diets. This is in agrecment with
the present trial in which 5% cane molasses was incor-
porated in the dicts.

Feed to gnin ratio was not significuntly different
when up to 41.10% PKM was fed to the finisher pigs.
There was howover, a significant inerease (P£0.05) in
fecd to gain ratio at the highest level of PKM (61.65%).
This may be due to the reduction in the digestibilitye
The feeding of %%.0 or 49.0% PKM to finisher pigs by
Babatunde ¢t al (1975) reyulted inesignificant decline
in the growth rate¢ and fecd conversion. This was
attributed to the dry, gritty and fibrous mnature of the
high PKM diets which reduced their digestibility. The
slgnificant recduction in feed to gain ratic of the rigs fed
the diet containing 49% PKM in their results is in
agfeement with thc result obtained in the present trial,
However, Fetuga et al. (1977b) observed improved
weight gain and feed efficicncy with the addition of
10.0 to %0.0% cane molasscs to diets containing 33.0 or
38% PKIM. They observed poor performince of the pigs
fed higher levels of PKM in their trial and attributed
this performance to the impaired protein digestion |
resulting from an‘encrusting effect of fibre on the
proteinaceous material, Fetuga et al. (1977b).
also stated that higher fibre induced a more rapid passage
of the digesta Tthrough the gastroe - intestinal tract.

This would lecad to a3 reduction of the available amino
]
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Table 2: ixperiment 2: The Effect of Feeding Palm Kernel

Meal Diets on Perlormance

Characteristics of Roars and

ﬁlts

-——

S ex

Paraneters Boars Gilts Mean S.E,.
Tnitial Weight, kg 41,97 41,13 41.13  0.94 NS
Final Weight, kg 82 .86 82412 84.49 2.70 *
Avg. Daily Feed kg. 2+55 2. 59 2.57 0.12 NS
Avg. Daily Gain, kg. 0,69 0.63% 0.66 0.0 *
Feed Gain Ratio 5471 4 .11 3491 011 **
Feed Cost per kg Gain(H) 3 .47 5.88 5.57 011

" = Bignificant at (P/0.05)
** = Bignificant at (P/0.01)

NS = Not significant.
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acids at absorption site. This situation tends to be
more gerious as the level of PKM inereased in the
diets. Babatunde ¢t al. (19Y5) and rhle et al. (1982)
observed that the rcduction in the direstibility of
mutrients in fibrous feeds aroge from the shorter time
of feed retention in the gastro~intestinal rract.
. Boars had significantly (P{?0.0B) higher welight
.gain and lower fecd to gain ratio compared to gilts
even though feed intake was not significantly different
for bath aexes (tnoble 5). Fast growing animals tend to
lay down more muscle as component of thelr gnin compared
to show growing ones. Perhaps some of the gain put on
by the gilts is composed of intracellular fat. Newell
and Bowland (1972) also observed in significant
difference in feed intake of mnle and female pigs and
that boars gained significantly more weight than gilts.
Hale b zl. (1968) on the other h=nd, observed no sex
difference in body weight gain of individually fed pigss
The feed cost per kalogrammé gain of pigs fed lhe
control and 20.5% PKM dicts were not significantly
different. (Table 4). However, these werc significantly
higher (P 70.01) compared to these pigs fed 41.10 and
61.6% PKM dicts. The feed cost is reduced as the level
of PKM in the dists increases. The least cost diet is
at the highcet level of PKM in the dict. Thig feed cost
of K3400 per kg body weight gain compared to the current
sale valuc of H7.00 per kg liveweight of pig is very
entruising. With the trend in the inflationary rates ,
the prices of couventional feed ingredients in pig dicts

’



Table €: Ixyeriment 2:

46

The iffect of Feeding Palm Kernzl Meal Diets on Carcass Quality of

Finisher Pigs

ﬁndmww of TXM i1 Dicts

Paranet srs | l:p 20.55 41,10 m_mwm. Mean 8.8, mewwmwowad
Slaught -r weight, kz.  85.39% 89.35%  83.08° 80. 4P 84 .49 2.70 .
Carcass weiglt, kg. 64.04%  65.03%  62.00° 62.38° 63.37 1.10 .
Dressirz, % 77,12 76435 76.38  76.45 76.58 0.72 NS

Hari, % 22.05  22.19 22.02  22.64 22.64 0.51 NS
Shoulder, ¥ 25,02 5 .49 25.64  25.11 25.82 0.72 NS
Loin, ¢ 18.05  18.25 19.27  17.48 17.76 0.94 NS
Loin-eye area, cnc 23.38  23.39 23.30  23.30 23.57 0.52 N3
3ackfat Thickness, cn 2.55 2«65 2.61 2.60 2:61 0.22 N3
3elly, # 15.31  16.31 16.39  16.23 16.22 0.74 NS

2,b., Iow neans with different superscripts

* Siznificant at (P/0.05)

NS Not significant

differ significantly

1 Carcass measurerents expressed as % live-weight at slaughter.
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Pable 7: .¥periment 2: The Zffect of Feeding Palm Kernel Meal Diets on
Finlsher Pigs
Levels of PKM in Diets

Parameters O 20,55 41410 £1:65 Mean
Zmpty Stomach >08 683 641 663 849.19
Liver, ¢ 10B.75  1475.00 1480.C 1571 .25 1483.75
Lungs, ¢ 558 50 650.0C 47.50 670.00 658.13
Meart, 200 . 5C 307 .25 P81.2 D04 , 25 203,38
Eidneys g 241.7 255 2535 .0C 255.00 246 .38
pleen, 160 « X 145,50 155.0C 152 .60
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are always on the increase. The feeding of 61.6%% PKM
diet to fattening pigs is highly beneficial and cost
saving. In a fattening scheme designed to attain 45kg
liveweight gain, the waiting period between using the
control and the 61.65% PKM dicts is only about 12 days.
This period is equivalent to a saving of about N56.70 on
each pig fattened. These findings are in line with
those of Babatunde et al. (197%) who fed diets containing
33.0 to 46.5% PKM. Thcy observed that it wags more
economical to use the higher level of PKM in finisher diets.
All the carcass measurements taken (dressing %,
percentages of ham,ghoulder, loin and belly, loin-eye
area and backfat thickness) were not significantly
different across » treatments (Table 6). This might
be due to the adequacy of the amino acid profile and
thce metabolizable encrgy of the control and the PKM dietse.
In the present trial, the limiting amino acids, lysine
and methionine, in PXKM nd control diets appeared to meet
the minimum requirement by this class of pigs (NRC, 1979).
Thus the 2mino acids must have produced similar muscle
growth and development of these pigs and hence the
carcass traits measurcd. The result of this trial are in
line with the findings by. Bnb~tunde et al. (1975) and
Fotuga et al. (1977a), They fed dicts containing 18.8
to 46,.% PKM to finisher pipgs and observed no significant
differences in the nbove carciss traits compared to
conventional protein dicts.
The weight of the organs (empty stomach, liver,

lungs, heart, kidneys and spleen) were not statistically
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significant (P>0.05) across treatments (T:ble 7).
Apparently, no reasons can be aduced to for this trend.
However, Jesen et 21. (1976) reported that increased
dietary fibre resulted in depressed liver lipid content
with a deerense in liver weight. Also Bohman et al:
(1953), Cunha (1977) and Pond et al. (1981) have all
observed that there were increases in gut dimensions
(both linear and mass) as the level of fibre increased
in the diets of pigs. Such inercases were not observed
in the present trial.

It can be concluded from this trial that, $n.
optimum level of PKM in finisher diets is 20.5%. The
feed : cost per unit gain is lowest at ©1.65% PKM
producing 0.58kg gain daily. This results in 2 saving
of N56.70 per animal over the control and 20.55% PKM
diets. This level however, lengthens the period of
fattening by 12 days. The feeding of up to 61.6%% PKM
in the diets of finisher pigs has no adverse effect on

the carcass characteristics of the pigs.
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4, CHAFTER FOUR

4.1, GENURAT, SUMMARY AND CONCLUS ION

The results obtained from this study suggest that
inclugion of palm kernel meal in swine diets is
beneficial. In the diets of young pigs, 40% PKM inclusion
rate has no deterimental effect on the growth rate and
feed intrke of the pigs. PFeed cost per kilogramme
gain decreases as FKM level inecreases in the diet,

The feeding of PKM in the dicts of weaner pigs is cost
saving.

With finicher pigs, the reszults indicate that the
performance characteristics of the pigs are not
adversely affected by feeding low levels of PKM in the
diets. Tii. feeding of 41.10 and 61.65% PKM diets
gignificantly depresses (P£0.05) the growth rate of
the pigs. The feeding of up to 61.65% PKM diet has no
effect on the carcass characteristics of finisher pigse.

In conclusion, up to 4055 PKM diets can be fed to
young pigs. The optimum level of PKM in finisher diets
is 20.55%. The feeding of up to 61.65% PKM diet to finisher
pigs has no adverse effect on their carcass characteristicse.
The inclusion of PKM in swine dicts is very economical
and the competition for groundnut cake and maize in swine
diets between man and swine will be reduced considerably
thereby providing more food for the increasing, human

population.
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4e5e APPENDICES

Appendix 1
Table ©32 Palm Kernel Production by Some leadi
66% Tonnes)

world Producers t¢in 7,

Countries 1964 | 19651 1966 1967 | 1968
Cameroun 35 38 57 28 49
Ivory Coast 15 16 17 18 21
Congo Kinshasa 110 75 80 95 105
Nigeria 408 |462 | 435 | 250 225
Siera Leone 53 %0 56 - 66
Indonesia 33 24 33 29 42
Malasia i %6 Lt 51 63

Source: Ng. (1972).
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:mieny Composition of Palm Kernel Meal by Varijious Luthors

Table 9t Prcxicate
‘M GE DE ME ME Men CP CF E& Ash NPE Cell- NDF NDL | Ca P
(Swine) (Poult) (Swine) ulose
Ty
Kcal/g Kecal/g Xcal/g % % % % % % % % % %
NRG, 1964 €3.0 - 3.20 2.8 - - 18.5 12.0 7.1 3.9 50.5 - - - 0.280 0.70
Cwusu-Donfeh . _
et al.(1970) ©90.87 4.28 - - - - 18.62 - 1.71 4,46 38.19 3Y.02 - = Ce31 Qol
Fetuga 2t al-
(1973a) "~ S0.47 4,42 - - - -~ 48.70 10.30 6.74 4,22 49,61 = - -~ 0.28 0.7
Oyenuga and
Fetuga(1975) 80.7C 4.34 3,28 32.09 - 52,00 18.50 11M.4 6.70 4.80 58.80 - - - 0.20 Q.72
Qluyeni et al-
(1976) - 468 - - 274 . = 48.70 12.96 6.48 4.80 57.06 -~ - - .18 C.74
Nwokolo et al
ﬁ\_wﬂﬂu - 4.68 = = Nimo - 21.50 = - - .- - PW..V N.\“.W Ouwm .80
Fetuga ¢t al-
ﬁ\“wﬂﬂ_mv @Olmm -— - - -— - Amomm \—O..S.m moﬂﬂ ...Flmm moa_@m - - -— O.B O.G_th
QOnwudike
(1987a) 91,26 4.37 - - 2.65 =~  19.20 11.20 7.94 5.12 47.80 - - - - _
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Table 10. Aminc Acid Profile of Palm Kernel Meal by

various authors (g/168N) .

Alaninine
Arginine
Agpartic Acid
Glutanic icid
Glycine
Histidine .
Isoleucine
Leucine
Lysine
Methionine
Cystine
Phenylalanine
Proline |
Serine
Threonine ..
Tryptophan
Tyrogine

Valine

1 > 3 oy 5 6
4.2 4,30 3,92  4.60  4.05 3,96
14.0 12.81 14.90 10,90 13.40  13.80
8.5 8.40  9.52 7.75 8.45 8,95
18.8  20.05 12.82 15.75 18.10  20.90
4.8 4.67  4.91  4.15  4.55 4.81
1.8 1.83  2.34  1.45 2.05  2.18
3.6 3.27 3.28 3,10  3.00 3.25
6.7 0.10  6.35  5.55 6.15 6424
3.5 3.12 3.82  2.95  3.45  3.56
2.3 1,22 174 1.50  2.35  1.69
1.9 0.90 1.4 1,00 - -
5.8 %2.84  3.87 5.65 4,10  %.88
3.8 - 3.78 3.15  2.50  3.24
4.7 4.67  B5.31  3.45  4.50  4.82
3.2 .52  3.73%  2.75 3.20 5eH
1.0 - 1.14 0.8 = -
2.6 2.30 2.93 1.90 2.90 2.96
5.4 4.77 5,22 .65  2.15  4.57

Sources:- 1)
2)
3)
4)
5)
6)

v

Oyenuga (3968) -
Owusu-Domfeh et al. (1970)
Fetuga et al. (19732)
Yeong (1983)

Nwckolo gt al. (1977)
Onwudike (1987a)
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Appendix 4:

Table 11, The Amino Acid Availability in Palm Kernel
meal Dy Some Authors

% Availability

Anino Acids 1 2 3
Alanine 85.5 667 83.0
Arginine 93.2 87.0 92.7
Aspartic icid 87.6 64 4 85.3
Glutamic Acid 90.1 74 4 88.6
Glycine 63.3 25.8 52.1
Higticine 90 .1 6.8 88.7
Isoleucine 86 .1 64.9 87.5
Leucine 88.5 66.7 90.6
Lysine 90.0 58.6 88.9
Methionine 91 .4 e 92.1
Cystine = = -
Phenylalanine 90.5 704 91.6
Proline 68.0 55.0 64 .2
Serine 88.7 65.6 85.4
Threonine 86.5 €60.7 85.3
Tryptophan - - -
Tyrosine 85.0 05,7 89.9
Valine 68 .4 62.8 66.7
Mean 84 4 64 4 8%.3

Sources: 1) Nwokolo et al. (1977)
2) Yeong 1983)
3) Orudike (1987)
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Appendix 5:

Table 12¢ Prices of feed ingredicnts at the time

of conducting thc expoeriments (May -
Decenmber 1988).

Feed Ingredients Price Per Kg (W)
Maizc 1.75
Groundut Cakc 1.50
Soyabean meal 150
Palm Kerncl Meal 0.50
Maize Offal 0.50
Rice Offal 0.20
Molasses - 0.75
Bone Meal 0.35
Salt 1.00
Premix %.00
Lysine 35.20

Methionine 24,00
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Table T3: Xperiment 1: owmmwomw analyses of Diets and the Major Feed Ingredients in the Diets

(% DM Basis)

1 [] H L T T g

Items Levelg T3 5 Maize Greundnut  Palnm Maize Rice

of PKM in Diets cake Kernel  Offal  Offal

D 10 20 3¢ 40 Meal

Dry Mattor, % 88.71 88.50 89.35 88.81 89.13 1.13 92,52 88.10 89 .11 91,30
Gross insrgy 4,10 498 419 4.20 - 4.34 443 4,89 4.69 4,09 3 .76
Keal/g
Crude Protzin, % 17.98 17.98 18.81 18.56 18.04 8.75 4%.88 21.38 7.25 5.19
Crude Fitre, ¢ 19.63  10.38 11.08 11.38 12.02 2.05 4.20 11 .62 " 10.66 38,46
Ether Zxtract, % = 2.28 2.38 2,80 3,50 4.06 2.06 5.50 14,33 1.26 " 1.79
Ash, % 5.1 6.0% 5.98 €,42 6.55 6.68  4.20 4.20 1.08 - 1,22
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Table 14 An=alysed Proximate - ..~ Composition of Diets and Major Peed Ingredients in the
Finicsner Diets (76 LM Basis)

Lovels of FRY in Diets Maize Full fat Palm Kernel Rice
Ttens “ 0 20,55 1h4puo 61.65 Offal Soyabean Meal Gffal
Gross Lacrgy, Keal/g 417 4,22 4,43 465 - 409 .12 4 469 3.76
Iry Mattor, % 80.40  91.04  89.35 90.71- _m@.\_\_ 92.57 82410 *1.30
Crude Frotein % 15683  1661°  16a50°  16.85- . 7.25. 42,95 21.38 8.1
Crude Fibre, % 11.61  12.30° 12.88 U354 10 .66 5.64 11.€2 . 38.62
Tther Fxtract, % 494 5a84 7.38 ©  8.38 1.26 0.8 10433 1.9
ish, % 4.90° 5.98 6.5% 6.55 6.08 €.06 4,20 1.22

|

* Low value is obtzined here compared to the literature values of between 15 - Amw..






