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ABSTRACT
Dried Cashew Pulp (DCP) was investigated for its nutritional quality. The DCP was
obtained from Cocoa Research Institute of Ghana (CRIG), Bole and was prepared from
fresh ripe cashew apples by slicing the pulp into flakes after the juice has been extracted
followed by sun drying to a moisture content of about 10 %. The crude protein, fat. ash,
crﬁde fibre in g kg‘L DM and digestible energy contents were 86.0, 99.6, 38,0, 116.0 and
14.38 MJ, respectively. In a subsequent feeding trial, twelve Large White starter pigs
with an average initial weight of 1.1.?&21_':]@3 werglrapdamly dllofted inlo four groups in a
completely randomized design and fed diets containing 0, 50, 100 and 150 g DCP kg to
determine growth performance and carcass characteristigs. Water and feed were provided
ad-libitum. The level of DCP had no significant (2 = {0.05) effect on feed intake but had a
significant (P < 0.05)-effect on weight gain. Final live weights were 58.67, 53.0, 59.67
and 48.67 kg for pigs diets containing 0, 50, 100 and 150°DEP p kg respectively,
Furthermore the dietary treatments didenot have significant (P > 0.05) impact on the
Various carcass trajts, cxcept ham weight' In this study. theére were no health-related
problems nor deaths that.gould be stfrtbuted-fo-the inelusion of DCP inithe diet, Feed cost
per diet decreased with ineredsing-RCP levels. The cost offied o produce a kg weight
gain was lowest for the diet containing the 400 g:DEP kg-'l. Il was concluded that up to
100 g DCP kg diet had a positive effect on pig growth performance and that partial

replacement of energy sources such as maize and wheat bran with DCP is possible.
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CHAPTER ONE
1.0 INTRODUCTION
Ghana has a human population of about 20 million and poultry and livestock population of
little over 34 million. Unfortunately, the rate of growth of the animal population has not kept
pace with that of humans, Ghana is therefore not only a net importer of animals and meat

products but imports as much as 70 % of its animal protein requirements (Okai er af., 2005).

The average Ghanaian diet is low in anfwal protcins! which eontain all the essential amino
acids in their balanced form, as a result of the high cost of these products, The importance of
the pig production in helping to increase the animal protein intake of Ghanaians cannot be
overemphasized. The pig historically, has been considered an unclean animal, wallowing in
filth, an object of distaste ind.a hazard-ia human health. This is half truth. The pig although
frequently maligned by some-spcial and veligious groups in Ghana héis several good attributes
including high prolificacy. high fecundity, short generation interval, early maturity, high feed
conversion efficiency and a modestrequirement with respecidebuilding and equipment. (Okai

et al., 2005),

Unfortunately, efforts lo assist the industevita cXpand has not vielded the expected results
because of lapses in feeding the pigs. The high cost of meat and meat products in the country is
due to the high cost of feed inputs. Reddy (1996) reported that feed accounts for 65-70% of
the total cost in the intensive system of animal production. Pond er ¢/ (1995) stated a similar
figure of 5%@% The situatierr s The result of competition between man and livestock for

some feed and food ingredients, particularly energy sources. This competition is more rigorous
—



in developing countries. This causes the developing countries to import cercals and other feed

sources to meet the needs of both humans and animals (FAO, 1982).

Animal nutritionists are therefore in the search for alternative cnergy sources for use in
livestock feed compounding, Feed cost and animal competition with humans for feed items
suggest strongly that alternative energy sources such as residues of crop harvests be used
partially or totally to replace maize in ljvestack dieis, te reduceseest and enhance cheaper meat
production and therefore make available the mator$ead stems for human consumption (Ngou

and Mafeni, 1983),

More recently, the growth of the animal feed industry hasallowed considerable use to be made
of agricultural by-products and. wastes:-some®f which although containing potentially toxic
components, can be safely-mcluded . compounded feeds in relatively low proportions.
Various agro-industrial by-produets (AIBPs) and other non-conventional feedstuffs have been
evaluated in Ghana as potential feed ingredients for the non-réminant farm animals. Studies
have been conducted on brewers spent grains, eacoapod husk, drigd ¢affee pulp, mango kernel

meal, oil palm slurry, among ethers.(Okai, 1995).

In many developing countries, there exists a largely untapped potential for utilizing non-
conventional feedstuffs for feeding pigs. Among these is dried cashew pulp (DCP), a by-
product obtained from the processing of the cashew fruit, Cashew pulp is currently under -

exploited in-terms of its use as—sfeed ingredient. While a large number of farmers nationwide

have gone into the cultivation of the crop, the common practice has been to discharge this

e



material (pulp) into near-by streams or heap them on farmlands resulting in the pollution of the
environment. Its utilization as an animal feed will minimize the pollution problem as well as

serve as a cheap source of nutrients for the livestock and poultry industries (Fanimo er al.,

2004).

Cashew has been widely used as an internal and external antiseptic against bacterial infections,
heal stomach ulcers of all kinds, for eag apdgeye anfectipnssto-stop bleeding, and heal wounds.
It is also rich in mincrals and vitamins! Thefpuly thaiforme about 90 % of the fruit is of high
economic value, has a pleasant flavour and agema and can be processed into a variety of

suitable products such as alcoholic and nentalcoholic drifiks (Kankam-Boadu, 2000).

The present study was therefore aimed at determining the effects of including graded levels of
DCP in diets on the growtlperformance and-careass characteristies'of starter-grower pigs. It
also aims to assess the profitability of partially substituting maize with DCP in the rations of

the starter-grower pigs.



CHAPTER TWO
20 LITERATURE REVIEW

2.1  THE PIG: ORIGIN AND EVOLUTION

It is probable that the pig is mainly derived from the European wild boar (Sus scrafa).
Originally pigs colonized the forests and swamps and were designed to live in a moist, shady
environment. Their short legs and powerful streamlined body were built for moving through
dense undergrowth, and the strong head and tugky with a~eartitaginous disc in the snout, for

digging and rooting.

Biblical writings have it that pigs were first domesticated as carly as 2000 BC As man has
developed it as a meat animal, major changes in conformation have occurred from the typical,
‘unimproved” type. The rélatively latge. narrow head, heavy foreguarterss tapering light hind
quarters and compact body have beenreplaced by'a smallerhead, lighter forequarters, a longer

and wider body with bigger capagity and well developed, meary hindquarters (Holness, 1995),

2.2 WORLD PIG POPULATION

The estimated world pig population 6f 826 million meang that there is approximately one pig
for every six people in the world. Although pigs-are numerically fewer than some other
domestic species, more pig meat is produced than any other meat. This reflects the greater

productivity of the pig when compared with other domestic species as shown in Table 1.



Table 1: A comparison of the main livestock species in the world in terms of numbers and meat

production,
Number (million head) | Meat output (000 metric tones per year) |

Cattle 1,253 ) | 50,098

Buffalo 137

Sheep 1,174 ] 80,801

Goats 521 J}

Poultry ' 10,080 & F R 37T
| Pigs 826 | 63,917

Source: Holness (1995)

2.2.1 DISTRIBUTION AND.CONSUMPTION

The distribution of pigs threughout the world is not uniferm: Nearly half the world’s pig
population is in Asia, with a further 30% in Europe and the former USSR, In contrast, the
population in large parts of the tropical and sub-tropical deyeleping regions is relatively small.
It is noteworthy, that the“majority of pigs in-ihe developing world dre located in onc Asian
country namely China (Holness; 1995Y;

In tropical Asia and parts of China, pork-is-the predeminant component of the diet. On the
other hand, in areas where the Islamic religion prevails, e.g. the Middle East, Pakistan and
parts of Africa, Muslims are forbidden to eal pork. Similarly, believers in the Jewish faith are
instructed not to eat pork meat. In some Pacific Islands, such as Tonga and Papua New Guinea,
pigs are highly_};;aracd as g sewrce Of wealth and associated with marriage customs. On the

other hand, in Africa, people have traditionally obtained their meat supplies mainly from
s



ruminants, particularly cattle, sheep and goats and this preference still exists as depicted in

Figure 1,

/:\Nans C America (10.5%)
\ » USSR (9.5%)

| \

S. America (6%) % lL/_ N 4\—' Europe (22.9%)
=
Afirica (1.5%)" | P |
\ ——> Asia (49%)
\ /

Oceanaia (0.6%)

Fig 1: Regional distribution of the world pig population (Holness, 1995)

2.3 THE POTENTIALS OF PIG PRODUCTION IN. DEVELOPING COUNTRIES.
When compared with cattle; and.ether.cuminants, pigs have Sonie major potential advantages,
namely:
a) They produce meat without contributing to the deterioration of the natural grazing
lands. This is of paramount importance in relation to the current steady rate of

desertification, soil erosion and loss of productive land in tropical and sub-tropical parts

of the world. —

b) They convert concentrated food to meat twice as efficiently as ruminants.

e



c)

d)

e)

g)

They possess the potential to be highly productive because they are capable of
producing large litters after a relatively short gestation period, and have a short
generation interval and grow rapidly, their output in terms of yield of meat per tonne of
live weight of breeding females per year is in the region of six times that of cattle.

If confined, maximum use can be made of their manure and effluent.

Their relatively small size when compared with cattle provides for more flexibility in

marketing and consumption
The meat pigs produce is partic iﬁaﬁ»&;‘d u Susimg and has a longer shelf life.

Pig production has a quicker turnover ratg on investment compared with cattle.

2.4 CONSTRAINTS TO PIG PRODUCTION INTHE TROPICS

Apart from the social igd"fgﬁgiuu_s(:dﬂa#afnjs,qﬂwcﬁﬁsirMS include:

a)
b)

d)

They cannot provides source'ef drought power for farming eperations,

Since they tend to be raised elose. to bﬁn;,_an hnh;mmn, their effluent may cause a
pollution problem |

Because pigs and Tman are co- hcms to.2 nu;nher of par.;mg; they can cause health
problems if they are W@GHUHeﬂ. g >

As simple stomached animals, ﬂTey Gﬁsﬁﬁt&é}wh with humans for food, especially
the staple grains and oil seeds. This can be partly overcomed by making use of crop by-

products, waste feeds and grains unsuitable for human consumption (Holness, 1995).



2.5.0 NﬂN-CDNVEN;[‘IﬂNAL FEED RESOURCES (NCFR'S) USED IN THE
ANIMAL INDUSTRY

Non-conventional feed resources are those feeds that have not been tradi tionally used in animal
feeding and/or are not normally used in commercially produced rations for animals (Devendra,
1992). A large number of agro-industrial by-products, forest waste, aquatic herbages and
animal wastes which have been identified, processed and used for feeding of farm animals are
designated as a group of unconvengopaly or gnen-conventigmal {ceds. Examples include
discarded biscuits, bakery waste, rice brin, lhlosd ed] weetn eob, maize bran, cassava peel,
cassava chips and copra cake. Others are cocod pod husk, coffee pulp, oil palm slurry,
groundnut skins, pito-mash, brewer’s spent'grains, benemeal, molasses., sugar beet pulp, citrus

pulp, yeast, wheat bran and distillers solubles.

Shrub leaves (Leaucaena spp; @altiandra spp, Scsbinia spp, sic), aquatic plants, fruits (palm oil
fruit, papava, guava, etc) and small animals (snails, earthworms), etc can also be used in

poultry feed formulations (Sonaiya;4990),

Feed costs and animal compgtition with humans for: feed items suggests strongly that
alternative energy sources such as residues-of crop-harvest should be used partially or wholly
to replace maize in livestock diet to reduce cost of meat production and to make available the

major crops for human consumption (Ngou and Mafeni, 1983).



Some non-conventional feedstuffs used for feeding poultry and their nutrient composition are

presented in Table 2,

Table 2: composition of some non-conventional feedstuffs

Fesditufl CP |EE |CF Calculated Metabolizable Energy
% % % (Kcal/kg dry matter)
Neem leaves 17.5 %% E 1243, QL__ 752
Amarath seeds 16.0 2 ‘}_ﬁ;—{ﬁ D | 922
Soybean testa 1166 (4.0 [254 | 2096
Cowpea testa 17.0 |26 | 203 . 1008
Melon pulp 8.6 |43 NEEE N ] 1148
POS 4.1 | Ol 1004
EPOS 13 | S N 5680
Cassava meal sieving GE l S 989 ‘ S | — 1787
Cassava fermented chafl 7 T 1092 | > 3436
Cassava peal meal 224 11 ;__ 47 ok 2460
Yam meal sieving 35 19ee-L1:5 0% 2115
Yam peel meal 6:4 5£ 173 . =336
Blood meal mixture ,86.0 r L L T . _ ,‘ﬁ_fif. i
Rice bran and bloodmeal 1256, |- 21.3 — o -
Maize cob and bloodmeal [ 289 [ S 1108 |- -
PKC and bloodmeal 155 |50 |- -
Fish by-products 443 (29.1 | 0.0 5055%
Plantain pulp 4.1 0.6 0.1 1004

Source: Sonaiya (1990). * The energy value for the fish products is gross energy.
CP = Crude Protein
EE = Ether Extract—

CF = Crude Fibre_— el

Careful attention should be given to ensuring adequate feed resources, which represents 60-80
——
% of the economic inputs in the commercial poultry sector (Aini, 1990). In many Low Income



Food Deficit Countries (LIDCs), surplus of cercals is generally not available. It is therefore not
advisable to develop a wholly grain-based feeding system. The recommended policy is to
identify and use locally available feed resources to formulate diets that are as balanced as
possible. Research capacities must be strengthened to develop strategies to optimize the use of

locally available feed ingredients (FAO, 1982).

2.60 GROUPS OF NON-CONVEN TIONAL FEED._RESOURCES (NCFR’S) FOR
FEEDING LIVESTOCK

These categories are particularly important in félation to the least-cost ration formulation

where different ingredients arc evaluated as sources of energy, protein, minerals, vitamins, in

relation to their cost and level of inclusion subjeettogonstiaints in relation to specific nutrients

or anti-nutritive propetties (@iskov, 1988).

2.6.1 BY-PRODUCTS OF LOW DIGESTIBILITY AND LOW CONTENT OF
NITROGEN

These include straws, husks, pods, and haulms. The tontent of nitrogeii'in these by-produets is

so low that supplementary degradiable-nitrogen (e.g. ureg)4s tequiired to speed up both rate and

extent of digestion in the rumen of rimsnarit asimals, Consequently, levels of voluntary intake

are low, The products of this type arc usually of little feed value unless they are supplemented

with nitrogen (@rskov, 1988),

10



2.6.2 BY-PRODUCTS OF LOW DIGESTIBILITY BUT RELATIVELY HIGH IN
NITROGEN

Coffee residues, grape pulp, animal excreta and cocoa meal are included here. By-produects in

this category are therefore well suited to being used in a mixlure with the latter category. They

are also suited with other feedstuffs of high energy content and low in nitrogen, such as cereal

grains (Drskov, 1988),

2,63 BY-PRODUCTS OF HIGH ENBRG YWALUE BUT LOW IN NITROGEN

The by-products of the sugar industry (molasses, Bupar beet pulp) and products such as stock-
feed potatoes are in this category. Fats andeoils are the best examples here, Animal fat can be
included in the diet of pigs and poultry but at levels; which are usually less than 5% of the diet

(@rskov, 1988).

2.64 BY-PRODUCTS HIGH IN ENERGY AND NITROGEN
These include abattoir products sueh as blood meal and'poultry offal meal, fish meal, extracted

oilseed meals and waste yegetables such as earfots (@rskev, 1988),

2.7.0 AGRICULTURAL BY-PRODUCTS ANDWASTES USED IN MONOGASTRIC DIET
Agricultural by-products and wastes available for feeding monogastric animals can be divided
into three main groups based on their sources; These are those of animal, plant and industrial

origins.

11



2.7.1 ANIMAL BY-PRODUCTS

These originate from the slaughter houses for large animals and poultry and fish processing
factories. It includes such products as: meat and bone, offals, blood, bone, intestines, poultry
heads and feet, fat, feathers, homs, hooves. animal hair, stomach, rumen content and the
carcasses of animals disqualified by the Veterinary Services, Dairy by-products not utilized for
food production (whey, casein, butter milk) as well as tannery by-products are included in this
group. Animal and poultry manure, W]'Lil:]l_ﬂ!;ﬁ currgntly used.as.feed ingredients, can also be

included in this group (Kazimerz, 2003 ),

2.7.2 BY-PRODUCTS OF PLANT ORIGIN

I. Milling industry by-products: examples include brany, waste flour, wastes resulting from
grain cleaning processés, torn.and ryeigerms, hulls of some seeds for example peas.

Il. By-products of the oil indusiry: exaniples include solvent-extracted cake from soybean and
oil yielding rape, sunflower, flax and produets formed during refining of plant oils, lecithin and
fatty acids.

III.  By-products of the ‘sugar industry: examiples are bect pulp, molasses. defaco-saturation-
residue

IV. By-products of the fruit and vegetablelindbdtry: examples include produet resulting from
peeling fruits and vegetables, pomace, stones of fruit e.g. tomatoes.

V. By-products of the starch industry: examples include beet pulp, potato cell juice and others,
when corn or wheat are processed, residues after starch extraction and gluten germs (Kazimerz,

2003). — ———

12



2.7.3 BY-PRODUCTS OF THE FERMENTATION INDUSTRY

This group includes grains, molasses, brewers yeast, bacteria and fungi biomass as a waste
from production of lactic and citric acids and other organic acids as well as spent grains and
malt sprouts in breweries. Activated sludge from treatments in the food industry also falls into

this category (Kazimerz, 2003).

2.8.0 FEED INGREDIENTS AVAILABLE FOR PLGSIN GHANA
Feed ingredients available in Ghana for feading pigsicap'be classified into four main groups.
Despite the fact that the list below appears in four#ain classes, most of these will also provide

other nutrients

(a) Energy Sources: thisuinclude majze, cassava, gl_.rinea com, maize-bran, rice bran, pito
mash, yam, cassava‘and plantain. peclings, garbage, molasses, oil palm slurry, dried
bakery waste products, dried fruit-pulp and peelings, com cob, cocoa pod husk and
coffee pulp.

(b) Protein Sources: ‘examples in this greug inelude-{ishmeal, groufidnut cake, copra cake,

cotton seed cake, soybeahonieal, dried spent yeas f_aﬁlgm;{'fm'éa]. meat meal, hatchery

waste, discarded skimmed milk-powdef feather imeal, palm kemel meal, cassava leaf

meal, cassava foliage meal

(¢) Mineral Sources: This group includes common salt, bone meal, dicalcium phosphate,
oyster shell. caleium carbonate and commercial trace mineral supplements.

(d) thrﬁn_S;;mEs: examples—are fishmeal, green forages, yeast, yellow maize and

commercial vitamin supplements (Okai and Bonsi, 1994 ).
i ———
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283 OIL PALM SLURRY

Oil palm slurry (OPS) is the effluent or sludge left after extracting the red mesocarp of the
palm fruit from the crude mixture with water. For every one tonne of finished oi1l, 2 to 3 tonnes
of aqueous effluent is produced (Davis, 1978) including the tremendous quantities of oil palm
slurry available in palm oil producing countries. On dry matter basis, it contains 5% crude
protein, 4.7% ash, and 66.1% ether extract. Oil palm slurry-containing diets may have to be
compounded at frequent (3 days) intervals in view of the high moisture and cther extract levels,

in order to avoid problems with rancidity Sgdmoldigrowth (Dkai et al., 1984).

Okai ef al. (1984) also reported that oil palm slurry can censtitute 30% of the diets of growing-
finishing pigs and replace 45% of the maige inthesdiet Without any adverse effects on carcass

characteristics and growth pecformance.

2.8.2 PROTEIN-RICH BY-PRODUCTS

2.8.2.1 BLOOD MEAL

Blood meal is quantitatively one of the richest protein sources of anisal origin; with a crude
protein content of about 86%.(Paigiriesq/., 1978). It has low digesubility and poor balance of
amino acids, being low in isoleucing and méthianine But-high in lysine. It is poor in calcium
and phospharus, Blood meal can be fed to both ruminants and non-ruminant animals. Blood
meal was found to be superior to feather meal in diets for laying chickens (Vogt et al., 1975).
Feed intake and egg weight were progressively depressed as the level of feather or blood meal

rose in the ctir:m,_’ahhnugh feed cenversion efficiency was improved through the inclusion of

these by-products.

——
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2.8.2.2 MEAT SCRAPS
This 1s a by-product made from animal flesh and tissues. It contains about 50-55% protein. It 15
high in lysine but low in methionine, trytophan and cystine. It is used in moderate amounts in

poultry and pig rations. Up to 10% may be included in pig diets (Aletor, 1986).

1.8.2.3 GROUNDNUT CAKE

Whole groundnuts, including the shells, have an average pratgin content ol 25%, It is high in
fibre and have very high metabolizable gferdy content becadse of its high oil content of 36%.
Smith (1990) observed that, groundnut meal is veiy palatable and the quality of the protein is
good, ranking it close to that of soya bean meal. Complcte feed for poultry {(except chicks)
could contain less than 10% of groundnui.cake(MeDonald er a/., 1992). The groundnut cake
may be decorticated ormoteda the decerticated groundnut cake, fibre conterit is very high. It is
the undecorticated product tha is normally fed te monegastric animals: This product has a low
fibre content of 6-10% and a protein levelof 40-48%. Groundnuit cake is deficient in lysine and

methionine (Ranjhan, 1999).

However, when groundnut cakeris ised in high cereal diets] adequate supplementation with

animal protein is necessary since its vrude proteifi has sub-optimal amounts of cystine and

methionine, although the limiting amino acid is lysine (McDonald er af, 1992). Such

supplementations also ensures that the requirement of vitamins B; and calcium are met

especially for fast growing animals such as poultry and pigs. In poorly-stored groundnut, a
=

toxic factor (aflatoxin) known te—be—a metabolite of the fungus, Aspergillus flavus, may

develop and consequently contaminate groundnut meal. The toxin causes liver damage.
— el
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2824 SOYA BEAN MEAL (SBM)

This is one of the best and most widely-used protein supplements in animal feeding but it is
highly priced in most tropical and sub-tropical countries, probably only slightly cheaper than
groundnut cake among the oil-seed protein supplements, Soya bean protein containg all the
essential amino acids but the amounts of cystine and methionine are sub-optimal and a number
of toxic stimulatory and inhibitory substances including allergic, goitrogenic and anticoagulant

factors may also be found (McDonald et al., 1992),

Toasting inactivates the inhibitors, especially for #imple stomached animals, It is however, a
poor source of B vitamins which must_therefore be provided if soya bean meal is used
consistently as a major protein supplement formonogastric aninials, Soya bean meal contains
48% crude protein, 2% far-and 3.5%scelltlosedThe cellulose content of fhis cake is partly
digested by monogastric anifals-Sova bean meal'is adequate {n magn€sium, is a good source

of potassium and supplies a fair amount oftrace elements (Ralph,.1987),

2.8.2.5 PALM KERNEL MEAL (PKM)

Palm Kernel Meal (PKM) is thesby-product obtained afigrthe eXirdetion of oil from the palm
kernel. It is abundant in the tropical areas.of thé\werld dnd attempts have been made to feed it
to poultry and pigs (Abu er al., 1984). Although PKM is often used as a vegetable protein

supplement in amimal rations, it is not as popular as groundnut cake or cotton seed cake.

Fetuga et al, {l%’j’}q i detailed stadies mcluding chemical assays, described PKM as being a

good source of methionine and cystine but marginal in lysine. Analysis at the Nutrition
i
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Laboratory of KNUST indicated that such dried PKM contains 91.04% dry matter, 19.02%
crude protein, 23.3% fat and 5.68% ash. This shows that it could be a good source of protein
and energy for poultry. Okai ef al. (1994) observed that fresh PKM could easily go mouldy and

rancid if it is not fed within a short time (about a week) because of its high moisture content.

28.2.6 COPRA CAKE

The main by-produet from coconut which can be used g poulteand pig feed is copra cake or
meal obtained afier the coconut oil has| Been chirasted lts Aitrogen content varies from 19-
23%. Their use for growing poultry and pig is limited by their low energy value. However,
they may be freely used with layers. Copra cake is a vegetable protein supplement of mediocre
quality and it is consequently less popularthanothervegetable protein supplements. One of the
disadvantages in its ufilizatien is its susceplibility. to fancidity, a low level of lysine and
histidine and a high crudc ﬁb’xé content, all of which limil its use by simple-stomached animals
(McDonald et al., 1992). Its incorporation-in diets for simple stomached animals therefore
requires further supplementations with animal profeins. Also, mereasing the energy content of
the diet by addition of maize oil improves efficiency.af food ulilization feed intake and growth
rate (Panigrahi, 1991). Coconul mieal has.the valuable property ef absorbing up to half its own

weight of moisture, and as a result is popular in fee@ competnding (McDonald et af., 1992),

2.8.2.7 RUBBER SEED CAKE
Rubber seed consists of approximately 40% shell and 60% kernel. The oil content of the
kemnel, on dry ma&erb'asisi 1s 3@%r—ttrontains 18.6% digestible crude protein and 54% total

digestible nutrients and can be used at 20% level in concentrate mixture for growing calves and
_rd—.._._ =
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milking cows without adverse effects on their growth and milk yield. It contains HCN but it
has been shown that it can be fed to poultry and pigs, however it should not be fed to breeding

hens as it affects hatchability (Rajaguru, 1973).

2.8.2.8 COTTON SEED CAKE

The main by-product of interest in animal feeding obtained from the cotton plant is cotton seed
cake. Relative to groundnut cake, it is cheaper as a_standagd, protein supplement. However, it
has low content of cystine, methionine fand Wsihg (WcDepald & al., 1992). Consequently, it
should be supplemented with animal protein Supplemen! for optimum performance if
incorporated in diets for monogastric animals. McDonald: et al. (1988) suggested that, because
of its gossypol content (about 0.03 to 0.2 %) which'has a texic cffect on monogastric animals,

this by-product should A6t fomm more than 10% of menogastric diets,

283 MINERAL-RICH BY-PRODUCTS

2.8.3.1 BONEMEAL

Bone meal has remaincd the.mest regular sotiree 6 ealcium and phospharus to various kinds of
animals in the developing coimiries (Aleiar, 1986). It is impotianbim.diets for young animals or
laying birds, which require large amoumis=of*caleitim ‘and phosphorus for bone development

and egg-shell formation respectively. Oyster shells also fall into this category.
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284  MISCELLANEOQOUS BY-PRODUCTS

2.8.4.1 BREWERS BY-PRODUCT (GRAINS)

Brewers yeast, brewers spent grains and distillery wastes after fermentation of substrates are
available as by-products of brewerics and distilleries. They are intermediate sources of protein
and energy. They are bulky in the wet form; high n crude fibre (about 21%) and moderate in
protein (about 22%). They are highly digestible and may be used for all classes of farm
animals. The protein is of fairly high nutritive yalue and_is_specially Tavoured for feeding
poultry and pigs. Various replacement 18vals bf hfewers’ gradhs for cercals as the main encrgy

source have been utilized in poultry diets and pig diets (Lamptey, 1978).

Lamptey (1978) reported an inclusion level of:50% without any deleterious effect on grower
pigs. There was, howeverawdepression. in dailyfeed intake and carcass dressing percentage

when 100% of the brewerics'hy-product wis fad.

2.84.2 DRIED COCOA POD HUSK

This can be obtained by either sun drying or-artificial devers. Researcli' works have indicated
that sun drying reduced the pereéntape.of protein, nitrogen-fieesextract and fat content of the
husk. It is therefore recommended that,-fresh podstshould-tie chopped into smaller pieces to
guarantee quick drying. It contains about 60% protein, 31% crude fibre, 12% ash, and 16% fat
The high fibre content could limit the extent of its use in the diets of monogastric animals such
as poultry and pigs (Okai et ai., 1994).

— _'_._,_,.--"_'_-_-_
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Several studies conducted in different countries have shown that the product can be used as
one of the ingredients in poultry, pig and ruminant diets, It can be used up to 10-15% in the
diets of ruminants. In comparison with maize, it contains less metabolizable energy and crude

protein and less of all the amino acids except lysine (Tuah et al., 2003).

It contains traces of the alkaloid theobromine which, however, does not produce any
deleterious effect on the animals due jo it presence indgsignificant amounts, One of the
problems in the utilization of cocoa pod Iusk is\ils uick fementation thereby increasing the
theobromine levels. This can be prevented by pfaper sun-drying. Laud-Anderson and Okai
(1980) and Donkoh (1992) incorporated up.te 20% and.25% CPH respectively in the diet of

growing pigs without any deleterious effeet on performance.

2843 SHEANUT CAKE

This is a by-product obtained afier the exiraction of oil from the nut. Okai et al. (1994)
suggested that, sheanut cake couldbe useful energy/protein sourees in the diets of poultry and
pigs. Chemical analysis-of ‘batches of locally produced sheaputsfake at the Nulrition
Laboratory in KNUST, reveéaledithat-t.contains 20% crude prafein:12% cther extract, 4.8%
ash, 0.9% crude fibre and 54.5% carbohydrates® Itéontaine <aponins and tannins and these can

irritate the digestive tract of animals,
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29.0 THE CASHEW PLANT

2.9.1 ORIGIN AND BOTANY OF CASHEW

Cashew belongs to the family Anacardiaceae. It is a native of the American tropics from
Mexico to Brazil and to the West Indies, but it has since become naturalized in many lowland
tropical areas. The Portuguese, as a means of controlling coastal crosion, introduced it to
Mozambique and then to India in the sixteenth century. It spread within these countries with
the aid of elephants that ate the bright cashey fruit along with the attached nut. The nut was too
hard to digest and was later expelled with the droppitgs/ It wis not until the nineteenth century
that plantations were developed and the tree thefispread to a number of other countries in

Africa, Asia and Latin America (Ohler, 1998).

It is grown locally in many-ather lowland tropigs and elevations of up 1071000 m. Since the
crop must be harvested by hand, production is'dependent on inexpensive labour for harvesting.
The overall requirement for growing the crop, however, are low and plants will grow in
relatively dry, infertile soils. The tree is a spreading, fast growingevergreen and up to 12 m in
height, Leaves are leathery and ovate with promingnt veins. Flowerstare borne on terminal
inflorescence, which consists dfﬁ:nﬂxnue of male and hermaphssdite flowers (Ohler, 1998).

The cashew tree bears a false fruit known:ds‘tHereashew apple from which the nut protrudes.
The cashew apple is between 6-9 cm long and has a smooth, shiny skin that tums from green to
bright red, orange or yellow in colour as it matures. It has a pulpy, juicy structure with a

pleasant but strong astringent flavour.

— e = _'_'_._.-I—'_'_--_
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2.9.1 ENVIRONMENTAL AND FCOLOGICAL FACTORS FOR CASHEW
DEVELOPMENT
The best soils for cashew are deep friable, well-drained, loamy seils and sandy loams without
hardpan with water table of 5 to 10 meters. Cashew also thrives on pure sandy soils as well as
lateritic soils poor in fertility, though productivity may register a decline., Cashew trees have
low tolerance to salinity, however, differences of tolerance exist between trees. Under very
poor soils, cashew responds well to fcnj]i'.ccr_s_' if the ecologigal.canditions are adequate. High
yields are obtained if fertilizers are appligd fwhen ‘cashey_frees are more than 5 years old.
Fertilizers such as muriate of potash, rock phospliite and urea may be applied (Ohler, 1979).
Land is a very important factor for a viable cashew industry in Ghana and the Brong-Ahafo
region has the largest land area under cashewsproduction: this has been estimated to be about

4000 ha in 2003 (Lawrence~1999),

Cashew can grow within a wider range of temperatures. I1i§ assumed that optimum monthly
average temperature may be near'27°C. Cashew is very sensitive to frost when young, The
plant can withstand tempetatures approaching 0°C for. short perieds but one could hardly
expect to grow cashew economieally tnareas with the meantémperaitre not higher than 20°C.
Gibbon and Pain (1985) also stated tharcasheW cantwithstand harsh environmental conditions.
In most important cashew growing arcas, mean daily minimum temperatures are between 15°C
- 25°C and mean daily maximum temperatures are between 25°C to 35°C. The absolute

minimum and maximum are about 5°C and 45°C, respectively.

!
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Cashew does well in a rainfall range from 800mm to 2000 mm per annum and a dry season of
about 6 months. A shorter dry season induces the flowering and fruiting period, whereas a

longer dry season may create a drought stress (Ohler, 1979), Figures 2 and 3 show pictures of

the cashew fruit and tree, respecively.

Fig. 2 A picture of the cashow frui Fig 3 Aprctore ef the cashow tree
Source: Bicalho (2001). SoutceBicalho (2001).

292 GLOBAL CASHEW PRODUCTION

In the early 1970s, the majority of glabal eashew production fook place in African countries, in
particular, Mozambique and Tapzanid. Over the tollowing-thirty" yéars, production trends
shifted, with Asian countrics emerging as'the world leaders in-€ashew production. Today. India
commands about 40% of the international market in cashew production. Other Asian countries,
particularly Vietnam and Indonesia, are beginning to expand their production capacities.
Currently, the four main cashew producing regions are India, Brazil, Nigeria and Tanzania

(Morton, 1995). _—
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2.9.3 CASHEW PRODUCTION IN AFRICA

Table 3: Cashew production in African countries from 1961 to 2000 (tonnes)

Overall cashew production in Africa steadily increased during the 1950s and 1960s. Until the
mid-1970s when the continent was the prime producer of cashew nuts. The year 1975 was the
start of fifteen-year period of decline in production throughout the continent due 1o a
combination of biological, agronomic, and socio-political factors.

Country i
2000 | 1998 | 1995 1975 | 1970 [ 1965 | 1961
Angola 800 1200 | 900 1200 r”féﬁb 1200 | 1400 [1300 | 1000 |1000 |
Benin 10000 | 10000 | 10000 | 30607 12000 [§0s6 345 |67 1350 n
Burkina Faso | 1000 | 1000 | 1000 = ; ] " -
Cote D'voire | 28000 ggﬁlﬁﬁ_g O .. ] 0514 J3OU 400 400
Ghana 7500 7500 =2y e 3 _ :
GiuneaBissau | 38000 | 38000 3?@‘%@@?‘*3&69% 2500 |2500 2000 | 2000
Kenya 8000 | 9000 .hsnd'l‘ 'm%w w,ﬁ y 21600 127200 9000 | 3000 |
Madagasear | 7000 ﬁﬂn{iv‘i%m\u 53@9__;@53— 3400 _ & : 13460 1900 | 1600
Mozambique | 35000 | 51716 “‘3‘&;‘5? .;';v 545;:Eﬂuﬁwﬂf§'ﬂmu | 184000 | 136000 | 10700 |
Nigeria 176000 | 152000 | 95000 | 30000 | 25000 | 25000 | 25000 | 25000 | 22000 | 7000 |
Senegal 15000 | 7000 [1500 [s00 |- - - - - -
Tanzania 106500 | 93200 | 63400 [17060 |32750 | 41416 | 115840 | 107445 | 76000 | 50000
Togo 155 155 | 748 | 587 |- - ; = 3 S |
Total Africa 431,951_'565:11 274971128747 | 114795 | 162502 | 358035 | 345772 | 248350 196100

Source: FAO. 2000,

~ implees-that no production was made in those vears
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A decline in prices at the end of the 1970s, combined with lower levels of production,

dissuaded many farmers from improving cultivation techniques and replanting their cashew

plantations.

Since the early 1990s, production has recovered and has continued to increase steadily over the
last decade. Today, Africa accounts for about 36 percent of the world cashew production.
Historically, Mozambique and Tanzanié wete the main 'eashew producing countries in Africa,
with smaller amounts produced in a number of other countrics. During the last five to ten years

Nigeria has emerged as a leading producer o feashew nuts in West Africa (Yidana, 2000).

294 CASHEW PRODUCTION IN GIIANA

The July 12", 2006 edition 6f the Daily Graphie reported. that, ** Cashew farmers at Kranka, a
farming community in the Nkoranza District of the Brong Ahafe Region, have called on the
government to establish a company which weuld deal with the production and marketing of
the cashew crop in the country.

This is because a large number of farmers nationwide have pone ity the cultivation of the
crop., Currently over 100 farmers iithc arca were engaged'in cashew farming because the
areas’ lands favoured the cultivation of-the crop. It 1 the “Cocoa” of the grassland and the
youth were proud to cultivate the crop in order to improve on their economic activities”,
Cashew production in Ghana dates back to the 1960s when the government, under its Savannah
Afforestation Programme established cashew plantations in Greater Accra, Eastern, Volta and

Brong Ahafo Regions. Owing to lack of directions and enthusiasm for its development in
— _F'_._,_.-—'—"--_._
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subsequent regimes, the farms were neglected and left to deteriorate. As a result. no cashew

plantation existed in Ghana until the mid 1990s as indicated in Table 3 (Majeed, 1990,

The Ghana Export Promotion Council (GEPC), in its non-traditional export commodity
promotional drive in the 1989, moved in to further develop cashew production under its Export
Production Village Programme which was funded by the 1NDP and Ghana Government.
Cashew seedlings were bred and supp._lfcd 15, farmers to ‘fahabi;]ilmc existing farms or establish

New ones,

Cashew cultivation, however, started in'Ghana on a large scale in 1991. The area under cashew
increased during the period from 1995 to 1998 when TechnoServe in collaboration with the
Ministry of Food and Agriculture(MoFA) imported 18,989 ke of cashew seed in a joint effort

with the GEPC (GEPC, 1995).

Area under cultivation and production are both increasing steadily. Total area under cultivation
is cstimated at 18,000ha nationwide whiles-anmual production/issestimated at 5000 metric

tonnes (MT) for 1997 (Yidana; 2000)%

The cashew development units further stated that there were around 6500 small-holder farms in

cashew production primarily engaged in traditional mixed cropping practices in 1997. The

cultivation of cashew is largely concentrated along the savannah zone in Brong Ahafo region,

Addaquay and Nyamekye-Boamah (1996), in their report on cashew industry study.
e ,_ﬂ--""_-_-_-—_

documented that Ghana has about four million hectares of total land suitable for cashew
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production whilst Northern and Brong Ahafo regions alone have over two million hectares of
suitable land for cashew cultivation, They further stated that with continued supply of quality

seed and the demand for raw nuts, the country could produce over 67,000 MT annually by the

end of 2004,

Yidana (2000) reported that vegetative propagation is the fastest method of producing high
yielding plants and should be used #r pigsq multiplication for farmers’ fields whenever
possible. Also, for most of the mature trees in the country, in terms of flowering and fruiting,
there are two main types; those that flower at least once a year and those that flower twice or
continuously. The continuocusly fruiting'varieties tend to produce higher yields than those that

fruit once a year.

295 CASHEW APPLE

The pseudo-fruit, the large pulpy and juit:}f part,has a fine sweet flavor and is commonly
referred to as the "cashew fruit" er the "cashew apple’s Fresh or frozen cashew fruit
concentrate is as commai d\juice produet in South-Anterican food steres as orange juice is in
the United States, However, it' is Very perishable and thedefore, no fresh cashew fruit is
exported into the United States or Europe-from South-America.

In addition to being delicious, the cashew fruit is a rich source of vitamins, minerals, and other
essential nutrients (Table 4). It has up to five times more vitamin C than oranges and contains a
high amount of mineral salts, Volatile compounds present in the fruit include esters, terpenes,

and carboxylic acids (Bicalho, 2001)
ot =
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Table 4: Food Value (Per 100 g) of fresh cashew apple

Moisture 84.4-88.7 ¢
Protein 0.101-0.162 ¢
Fat 0.05-0.50 g
Carbohydrates 9.08-9.75 ¢
Fiber 04-1.0g
Ash 0194034
Caleium (0.9-5.4 mg
Phosphorus 0.1-21. 4ang
Iron 0.1 9-0,71 mg
Carotene 0.0320.742 mg
Thiamine 0.023-0:03 mg
Riboflavin 0.13-0.4 mg
Niacin 0.13<0.539 mg
Ascorbic Acid 146.6-372:0 mg

Source: Bicalho (2001).

The main chemicals found in the cashew fruit are alanine, alpha-catechin, alpha-linolenic acid,
anacardic acids, anacardol, antimony, arabinose, caprylic acid, cardanol, cardol, europium,
folacin, gadoleic acid, gallic acid, gingkol, glucuronic acid, glutamic acid, hafnium, hexanal,
histidine, h}fdrux}fb_f:nzﬂic acid, isoleucine, kaempferols, L-epicatechin, lauric acid, leucine,
Ieucnc}'artidin,—h;ﬁcu;ielargunidhﬁ,‘h'lﬁﬁncne, linoleic acid, methylglucuronic acid, myristic

acid, naringenin, oleic acid, oxalic acid, palmitic acid, palmitoleic acid, phenylalanine,
e ——
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phytosterols, proline, quercetin-glycoside, salicylic acid, samarium, scandium, serine,

squalene, stearic acid, tannin, and trans-hex-2-enal tryptophan (Franca, 1996).

The apple and nut fall together when both are ripe and, in commercial nut plantations, it is
most practical to twist off the nut and leave the apple on the ground for later grazing by cattle
or pigs. But, where labor costs are very low, the apples may be gathered up and taken to
markets or processing plants, In Goa, India, the apples are.stillrampled by foot to extract the
juice for the locally famous distilled hinot, /&w. o Brazil) frdit vendors display great heaps,

and the juice is used as a fresh beverage and for Wine (Mota, 1985).

[n the field, the fruits arc picked up and'chewed for refrgshmenL, the juice swallowed, and the
fibrous residue discarded. In the homie and, i a limited way [or commercial purposes, the
cashew apples are pregerved in-syrup in glass jars. Presh apples are highly perishable. Various
species of yeast and fungi“cause spoilage after. the first day-af room temperature. Food
technologists in India have found that good condition can be maintained for 5 weeks at 32° to

35° F (0°-1.67° C) and relative humidity. of 85% to-90%.

In as much as the juice is asteinZent diid somewhat acridduedd 35% tannin content (in the red:
less in the yellow) and 3% of an oily-substance. the Truit is pressurc-steamed for 5 to 15
minutes before candying or making into jam or chutney or extracting the juice for carbonated
beverages, syrup or wine. Efforts are made to retain as much as possible of the ascorbic acid.
Food technologists in Costa Rica recently worked out an improved process for producing the
locally popular caridied, sun-dried cashew apples. Failure to remove the tannin from the juice

—_— _.__,_..--"_-_-_-_
may account for a nutritional deficiency in heavy imbibers of cashew apple wine, for tannin

e —
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prevents the body's full assimilation of the body's full assimilation of dietary protein (Morton,
1995).

However, cashew apple juice, without removal of tannin, is prescribed as a remedy for sore
throat and chronic dysentery in Cuba and Brazil. Fresh or distilled, it is a potent diuretic and is
said to possess sudorific properties. The brandy is applied as a liniment to relieve the pain of

a,qk Lo

rheumatism and neuralgia (Franca. Iﬂﬁmfl IN | || “
, ) |

29.7 FEEDING VALUE OF THE CASHEW APPLE

Fanimo er al. (2004) studied the growth p:rf‘m‘r_gm, nutrient digestibility and carcass

characteristics of growing rabbits fed (cas

hew apple waste (CAW) and found that rabbits fed
diets with 20 and 30% CAW pained weight' (P < 0.05) fastér than thosefed the control diet.
Feed efficiency increased with, increasing levelsiof CAW'in-the dicts with rabbits on 30%
CAW being most efficient, C n-.uiﬁ:ipmté'in d@g_estibilf@y decreased (P < (.05) with increased
level of CAW. There were no signifieant differences (P-< 6:03)in the blood metabolites except
cholesterol level which increased (P <40,05)-withyCAW inclusion i the diets. Inclusion of
CAW also increased (P < 0:05)the rélative weights of ki’q.q;yﬂ-,;lﬁ':;hud carcass characleristics.
It was inferred that dried CAW can be ineluded in Eﬂ‘ﬂ\‘i"‘%hg rabbit diets at levels up to 30% of

the dry matter.

In examining the chemical composition of cashew apple and cashew apple waste ensiled with

poultry litter, La eral. (1997) found that cashew apple fruit and cashew apple waste (after juice

extraction) can be preserved for a long term use by anacrobic ensiling and that there appeared

—
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to be little advantage in mixing them with poultry litter before ensiling. The conversion of the
soluble sugars into organic acids and alcohol may have negative effects on nutritive value.

They, however, concluded that several feeding trials are necessary to substantiate their

findings.

2.10. CONSTRAINTS IN THE USE OF NON-CONVENTIONAL FEEDSTUFFS

The slow growth rate of livestock Whé'{ﬁ ‘{hﬂf rciducis as m}?amihuwd to poor feed intake
and digestibility. Several processing rﬁelﬁn&s h;ve?ﬁﬁn ;:ug,geslcd. However, chemicals for the
processing arc expensive and are all harmful. Thus, the technology of processing must be
carefully costed and programmed to ﬁtwuhm thumcume and competence limits of the poor

farmer,

Feed analysis is becoming very ex‘pfms’f\iem terms of reagents-and .equipment repair. In this
regard, simple, cheap basic analytical proeedures. miust hqmug’ht 1o give the needed research
data, Although there are large quantities of by-produets available, the collection and
transportation of these ﬂ“ﬁm_pmduction Bifﬁﬁ.'isj.:ﬂéiﬂ,u.s ;ahdm time mn_ﬁﬁng. There is also great
variability in these producls-fromydifferent sources as«hic [ﬂﬁﬂu;:gand harvesting of crops is
not synchronized. There is also x-'ari':.iﬁi*}:iiyfi’&.iﬁﬁl aml ﬁnltﬁent composition which varies the

nutrient content of these by-producis.
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2.10.1 FACTORS AFFECTING INCLUSION RATE OF ALTERNATIVE FEED
INGREDIENTS FOR SWINE

Table 5 contains a summary of various feedstuffs and the constraints in using them as feed

ingredients.

Table 5: Factors affecting inclusion rates of alternative feed ingredients

FEED INGRDIENT FACTORS AFFECTING JNCIUSION RATE
*Palm kernel meal Could g}mntfﬂﬂj Ii_'l‘l;}llfl.'.]}:_- ’
*0il palm slurry Could go moﬂldy or 1'21!1Eid._lljgh moisture content
*Cocoa pod husk Contains theobrgmine, High fibre content
*Groundnut skin mecal Could go ["d_l‘lEJlid. Fr;sm_me of aflatoxins could result in poor
growth
*Sheanut cake Contains tannins and saponins
Dried beet pulp *HLgll fibre content; low digestibilily; acts as-d laxative

"High. fibre content: 16w, encr 7 low lysine; source of B
Dried brewer's grains, : : , e STEY Sl urce o
vitdmins

Low lysine; high fibre; low energy: variable nutrient content;

opalia s bulks

Com gluten feed

With (44%) or without (48%) hulls; good amino acid balance
|-In.combination with corn; palatahle,

Soybean meal

“Higherenecrgy and lower proteintHan soybean mieal; can cause
Soybeans, roasted '

Llndesi'ra""oleafftcréthsteﬁrih'pr:rri{ at high inclusion

Source; Waldroup (1997)
*Okai and Bonsi (1994)

2,10.2 ANTI- NUTRITIONAL FACTORS

One major cnnstr’é'i_n_t__in the use of non-conventional feedstuffs is the anti-nutritional factors
S .,--"'""_._--_-_

contained in them. Anti-nutritional factors may be defined as the chemical constituent of a
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feedstuff, which interferes in the normal digestion, absorption and metabolism of feeds, some
of which may have deleterious effects on the animal's digestive system. Some inherent
chemical constituents present in different kinds of feedstuffs interfere in the optimum
utilization of nutrients and some are also toxic in high concentrations. Although anti-nutritional
factors are present in many conventional feeds, these are more common in most of the non-
conventional feeds (Pathak, 1997). These anti-nutritional factors need o be removed or
inactivated by various procedures balpfe fhe usel of héuingradients in the diet (Korte et al.,

1972).

Many seeds, which were once used in lmdiﬁnna];hum-a_m and animal diets, have now fallen into
disuse as agricultural and nutritional needs are resassessed (Huisman er /., 1989). Seeds often
contain factors such @s lecting, which are deleterious or toxie to animal-or man (Liener, 1989).
Seed lectins present major problems as they dre resistant to heat iredtment and some seeds such
as kidney bean, have to be heated for several hours at temperatures above 80 °C or boiled for
10-20 minutes to ensure the climination of their lectin activity. Great caution should therefore.
be taken in the use of these seeds as,dictary, materials. This is pﬂiﬁ!ﬂﬂm’l}f important since
recent studies suggest that leng-term exposure to relativgly oW levels of some anti-nutritional

or toxic factors may have deleterious éffeets:on.body-meélabolism (Grant, 1989),

2.10.3 CLASSIFICATION OF ANTI-NUTRITIONAL FACTORS
The various anti-nuiritional factors in feedstuffs may be classified (by different ways) on the
basis of the chenﬂ’éal__nah.lre mto acids, enzymes, nitrogenous compounds, saponins, tannins,

——— _r'_'_,-n--_-___._
glucosinolates and phenolic compounds (Pathak, 1997). Others are classified as follows:

—————

B
14 KWAME § o, .



1. Tannins

2. Saponins

3. Trypsin or protease inhibitors
4. Haemagglutinins

2.10.3.1 FACTORS INTERFERING WITH THE DIGESTION AND UTILIZATION
OF DIETARY PROTEINS AND CARBOHYDRATES

2.10.3.1.1 TANNINS

These are polyphenolic compounds offighdy mcﬁ:cufﬁrﬂgig]‘é}. (500-3000 dalton) and contain
large numbers of reactive phenolic hydroxyl groups. They are broadly classified into
hydrolysable and condensed tannins. The |tanninstform complexes with protein, cellulose,
hemicellulose, lignins and starch and interfere with ‘ﬁ'ieir optimum utilization in the digestive
tract and systems (Pathak, 1997). A number of chemigal treatments have been found to remove
considerable amounts_but none-has-been commerciatly utilized due to Taborious processing

techniques and the cost of chemicals (Ranjhai, 1997),

2.10.3.1.2 SAPONINS

On the basis of the ehemieal nature, saponning“may be divided dfite two groups namely,
steroids and phenoids. They.are bittérsand this reduces palatability. They also cause bloat in
cattle. Saponins combine with cholesterol-and teduce 13 activity, They are haemolytic and are
fatal when injected into the blood (Pathak, 1997). They are widely distributed in plants like
lucerne, white clover, red clover, soybean and mahuna seed cake. Saponins are water soluble

and soaking of feed ingredients in water removes them (Ranjhan, 1997).

-

e = H_,_,..—-'—'_-_-_'_
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2.10.3.1.3  TRYPSIN OR PROTEASE INHIBITORS

The feed constituents interfering with the proteolytic enzymes are known as protease inhibitors
and in poultry, trypsin inhibitor is due to specific activity on trypsin amino acid. Raw soybean
cakes are rich in trypsin inhibitors (Ranjhan, 1997), These inhibitors are casily inactivated by
suitable heat treatment. Roasting, loasting, popping and cooking are effective treatments for the

inactivation of protease inhibiting properties in feeds (Pathak, 1997).

KNUST

2.10.3.1.4 HAEMAGGLUTININS

The common agglutinins likely to affect apimals'dre ricin in castor bean, phaseolotoxin in

Phaseolus vulgaris and haemagglutining in soybe

e

(Ranjhan, 1997). These are protein in
nature and resistant to the action of mﬁhc juiw 1&:3« produce anti-nutritional factors,
which produce inflamiiatory reaetions causing oederna.and clotting of blood in capillaries.
Most of them are inactivated by, moist.cooking in two percent snmu*m hyvdroxide solution or by
autoclaving (Pathak, 1997),

21032 FACTORSINTERFERING WITH THE AVAILABIEITY OF MINERALS
T y

2.103.2.1 PHYTATES 290 o= G

Phytates are the salts of phytic ucidﬂﬁﬁﬂ: Eﬁég‘eﬁndt 'E'Iil_{'ah'ﬂﬂst all feeds of plant origin. The
phytates are present in association with protein and generally high protein feeds contain high
levels of phytates, for example groundnut cake, mustard cake, soyabean cake, sesame cake,

cotton seed cake and wheat bran. Phytic acid possesses high chelating ability and in plants it is

found as phytates of many minerals which are mostly not available to monogastric animals as
= .,--"""-_-_-__._

they lack the phytase enzyme. The use of the enzyme, phytase as a feed additive has been made

e

36



feasible in some countries due to its cheaper commercial production with the application of

biotechnalogical processes (Pathak, 1997).

2.10.3.2.2 OXALIC ACID

Oxalic acid is an organic dicarboxylic acid that readily forms insoluble salts with calcium and
magnesium, Oxalic acid and its soluble salts are hoth corrosive and poisonous. Their anti-
nutritive effect is mainly through :;gmplcxﬁfgwiti;: cai:cfmn 'l‘be acid precipitates caleium and
renders it less available for absorption. In pigs and poultry diets containing oxalic acid, there is
depression in growth and a reduction in caléium tetention {Banerjee, 1988), Oxalic acid is
found in free form but mostly as salts (oxalates). Oxalic acid forms insoluble salts with calcium
and magnesium and imparts anti~1mtt'it‘iﬁnal:-a't:liqn,"Padt_i_[E.srraw and wild paddy are the richest

sources of oxalates (Pathak, 1997

2.10.3.2.3 GLUCOSINOLATES

Plants, seeds and oil cakes of different- mustard: and rape varicties are rich sources of
glucosinolates. These Compounds reduee (he incerparation of dodifie into the precursor of
thyroxine resulting in iodine deficigney and developmeit of gouer. Prolong water soaking or
cooking of feeds inactivates the effects-ef gbiﬁ?;‘regcﬂ's (Ranjhan, 1997). Glucosinolates are
responsible for the pungent flavours found in some cultivated plants belonging to the
Cruciferae, which includes rapeseed and mustard seed. Their main biological effect is to
depress the synthesis of the thyroid hormones, thus producing goiter in animals fed on seed

meals containing them (Banerjee, 1988).
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Apart [rom restrictions on use imposed by compositional factors such as toxins or physical

factors that might be associated with rapid deterioration, it is important to assess the feed value

of by-products in relation to the type of animal and the system of production in which the

material is to be used.

2.10.3.2.4 GOSSYPOL

Gossypol is a toxic phenolic compoufid bf'oum,_t_ n ottanseed. I-':g;rmus salts can form a complex
with free gossypol and reduce its harmful effects. High levels of calcium, magnesium, sodium
and protein are also helpful in reducing the adverse effect of gossypol. Heat treatment
considerably destroys gossypol but availability of lysine is greatly reduced and needs

supplementation (Pathak, 1997),

2.10.3.3 PHYTOESTROGENS

Some chemical compounds with eestrogenic activities are inlegral constituents of many plants
and in some legumes their concentration is-high enough to'produce harmful effects on health
and productivity.. Phosphorts deficiengy.and semeclimatic conditions favour the synthesis of
phytoestrogens, Many repreductive problems develop.onethc-€xiensive feeding of feeds

containing phytoestrogens (Pathak, 1997

2.10.3.4 ANTI-VITAMINS
Anti-vitamin activities against vitamin A and D have been observed in soyabean, against

vitamin B in kidngy bean, against vitamin K in sweet clover and against pyridoxine in linseed

cake (Pathak, 1997).

i
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2.10.3.5 CYNOGENS

Cynogenic compounds are present m sorghum, grass, maize, etc. These glucosides are non-
toxic but during droughts they produce hydrogen cynide (HCN) which is toxic and results in
the death of the animals (Ranjhan, 1997). So far no method of removal of cynogens from

herbages has been developed but boiling has been found to be satisfactory for removing or

destroying these from linseed meal (Pathak. 1997).

2.10.3.6 LATHYROGENS

The lathyrogens are protein in nature and Meurofoxins. Prolonged cooking or roasting of

lathyrus seeds in hot sand has been found to destroy most of the lathyrogens (Pathak, 1997).

2.10.3.7 NITRATES AND NITRITES
The nitrates are found in plants and“these nitrates can be'corverted to nitrites during storage

and when this is fed, it is toxic fo the animals (Ranjhan, 1997).

2.11.0 TECHNIQUES'EOR PROCESSING OF BY-PRODUCES FOF FEEDING
PURPOSES.

2.11.1 AUTOCLAVYING UNDER PRESSURE-AT 115°-140° C

Autoclaving under pressure at 115°-140° C followed by drying and removal of fat by pressing

or extraction 1s carried out in this process. This is used to obtain various kinds of animal

protein meals such as meat and bone, poultry, fish, feathers and other meals produced from

dead and condenied animals or carcases (Karzimerz et al., 2003).
Erae e s .,--"'""-_._-_-_
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211.2 HYDROTHERMAL, ACID AND ALKALI HYDROLYSIS
These are used for processing wastes rich in keratin e.g. feathers, hooves, animal hair, tannery

~ waste or some plant products containing glycosides such as rapeseed meal (Karzimerz er al,
2003),

2.11.3 MECHANICAL OR THERMAIL CONDENS ATION AND DRYING

Centrifugation, pressing, or candcnsK EN‘H an:r 15 [ollowed by spray, roller,

flash or drum drying is carried out in this process. These techniques are used for yeasts, grains,

potatoes, molasses, brewery waste, oil 1&* uand also blood of slaughtered animals.

(Karzimerz et al., 2003)
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CHAPTER THREE

3.0  MATERIALS AND METHODS

3.1  LOCATION OF STUDY AREA AND PERIOD OF EXPERIMENT

The experiment was conducted at the Livestock Scction of the Department of Animal Science,
KNUST, Kumasi, in the Ashanti Region of Ghana. Kumasi is located in the south-central part
of the country and lies between longitude 06” and Latitude 06" — 43N 36'W. It is in the semi
deciduous zone. The climate is hot amdhu:;ﬂd muh mieahsiemperatures varying from 24.5°C in
August to 28.0°C in February with an annual mean of 26.3'C. The mean minimum monthly
temperature (20 -28°C) is recorded in Decemberdwhile the maximum monthly temperature

(34.0°C) occurs in February,

Rainfall is bimodal wiili majoi tains occuting between March and Julywith the peak in June,
A dry spell oceurs in August followed by ashort rainy seasonfrom September to October, The
main dry season lasts [rom November to Februarys The mean annual rainfall amounts to about

1300 mm. About 55% of the ra‘insi'awb‘etWEE&-Mﬁfﬁh:&ﬂd Jul Y.

The mean monthly minimum-elativedinmidity may be'@slow-8s.36% in January and as high as
95% in May. The daily relative humidity-vares-front 36% in January to 83% in August with
an annual mean of 75%. The expenment was conducted from 21st September, 2006 to 19th

January, 2007,
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3.2 SOURCES OF DRIED CASHEW PULP (DCP) AND PROCESSING METHOD

The DCP used in this study was obtained [rom the Cocoa Research Institute’s Bole Station

located in the Northern Region of Ghana, The processing involves sun-drying, during which
the sliced pulps are constantly turned over, They are dried to a moisture content of about 15%.
then ground in a hammer mill to produce the meal which was then stored in polythene sacks

until used. The contents of all sacks were thoroughly mixed and about 1 kg of the bulked

sample was then taken and stored in aAnfair-fishifbaiile forghentical analysis.

33 CHEMICAL ANALYSES

Proximate amalyses of DCP and expetimental diets Were carried out using the standard
procedures of the Association of Offieial Analyiical Chemists (1990). Acid detergent fibre
(ADF), neutral detcrgent fibre (NDF) and hemicellulose {Goering.and Van Scest, 1970) were
also estimated on the DCP samiples: Mineral analysis followed the procedure of Fick er al
(1979). The digestible energy of the samples of DCP was calculated from its chemical
composition using the equation of Noblet and Perez (1993);

DE (MJ/kg) = ( 4.151-92.2% Ash) + (2.3 X CP) ¥(3.8 x EE — 64 XEF)

The DE values of the experimental drets-were-however calculated from values for the

ingredients given by NRC (1994) and the calculated DE content of DCP,

3.4 EXPERIMENTAL ANIMALS, HOUSING, DIETARY TRATMENT AND MANGEMENT

Twelve (12) entire male large white starter pigs with a mean initial liveweight of 13.3 kg were
PRI e _,--"'"‘_r-_-_-__
used in the study. All animals were dewormed with Levamiosol prior o the start of the

e
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experiment and at monthly intervals thereafier. The pigs were divided into four groups and

individually housed in a 65cm % 150em * 97em wooden cages constructed on a concrete floor,
Each group of 3 pigs were randomly allocated to one of four dietary treatments (Table 6) based
on maize but in which DCP replaced equivalent amounts of maize (0, 50, 100, 150 gkg‘[}. The

diets were formulated to be isoproteic and isocaloric. Animals in the treatments were balanced

for litter origin and weights,

Pigs were kept individually in a cage to facilitate feeding, collection of left-over feed and
observation. Pigs were fed at 5% of body weight daily throughout the trial period. All the diets
were offered to the animals in weighed quantities once daily at 08:00 hours throughout the trial
period. Animals had free access to water, Lett-aver feed was collected and the weight

recorded, Pigs were weighed every-week and the level ol feeding was adjtisted accordingly
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Table 6: Composition of experimental diets

Treatments
» (g kg'!) (Ogkg'DCP) (50gkg"DCP) (100g kg’ DCP) (150 g kg’ DCP)
_ 590 560 500 450
Ln‘ed cashew pulp 0 50 100 150
eal 100 MN U S T 100
eat bran 160 140 150 150
] m kernel cake 50 50 5{:- 50
%Su)nbr.an meal 80 Lz 3 80

E‘:Gmundnut-skins 10 10
Oyster shell B3 — :

_t:mmon salt 2.5 B 25
‘Vitamin/trace-mineral premix 2.5 Q 3 25

Caleculated Chemical analysrs (ghe

' Crude Protein 185.5

i Crude Fibre 64.7
Ether Extract 38.1 414 44.7 48.0
Calcium 6.4 6.5 6.6 6.7
Phosphorus 6.7 6.7 6.6 6.5
' DE (MJ kg S T 14.2 14.3 14.4
E(Mlkg") it A
—l—‘;:--




3.5 PARAMETERS MEASU RED

The performance of the animals was monitored in terms of feed consumption, weight gain and

feed: gain ratio throughout the 116-day trial period. Economics of production was also

computed.

3.5.1 AVERAGE DAILY FEED INTAKE
This was caleulated as ¥ (FS - F [}lﬂh kg Where BS's, thelamount of feed served daily to
pigs in each cage, FL is the feed left over after feeding each day, TDN is the total period under

review in days and ¥ is a summation.

3.5.2  AVERAGE DAILY GAIN (ADG)
This was calculated 88 ¥ (FW =W/ TDN kg where EW-is the final botly weight of each pig
for a given period, IW is the initial weight of cach pig at'the start 'of each period and TDN is

the total period under review in days.

3,53 FEED CONVERSION RATIO

This was calculated as the dmount of-feed consumed by‘eachipig 1o gain 1kg of body weight.

3,54 ECONOMICS OF PRODUCTION
Economics of production was estimated based on the feed cost per kg diet and feed cost per kg
weight gain. Feed cost per kg for each of the experimental diets was estimated based on the

prices of the ingredients at the time of the trial. Feed cost per kg live weight gain was also
St : _'_._,_,.--'_'_-_-_
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calculated for the four dietary treatments as a product of the feed cost and the feed conversion

efficiency.

3.5.5 CARCASS CHARACTERISTICS

At the end of the 116-day feeding period, the pigs were slaughtered to evaluate and measure
carcass traits. Prior to slaughtering, the pigs were fasted overnight but had access to water.
After slaughter, carcasses were wiscg@lmﬁ w:lcﬁglﬁﬂi andwghilled in cold room (4 °C) for about
24 hours. Each carcass was halved and measurements taken from the left half as recommended

by Eusubio (1980). The following carcass datd were'determined:

3.55.1 DRESSING PERCENTAGE
The dressing percentage was-obtained (rori the dressed wei ght expressed as a percentage of the

weight at slaughter,

3.5.5.2 CARCASS LENGTH
After splitting the cargass.inip two, the distanee between the firet rib and the anterior edge of

the pubis symphysis was used.io.determine the carcassidength.
3.5.5.3 BACK-FAT THICKNESS

The average of the thickness of the back-fat from three areas viz, the first rib, the last rib and

the rump gave the measurement of the back-fat thickness.
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3.554 LOINEYE MUSCLE AREA

This was obtained from tracing of a cross-sectional area of the loin eye muscle area

(Longissimus dorsi) taken on the muscle between the 12" and 13" rib, The area was described

on a tracing paper and was later measured with a planimeler,

3.5.5.5 WEIGHT OF GASTRO-INTESTINAL TRACT (GIT) - (FULL AND EMPTY)
The absolute weight of the GIT u-‘a@{ﬂét@"f't;i:@ad wher™fll and afier the contents had been

removed (empty). These were then expressed as a percentage of the dressed weights.

3.5.5.6 WEIGHT OF HAM, SHOULDER, THIGH AND BELLY
The weight of the ham, shoulder, thigh and bel ly-were also expressed as a percentage of the

dressed weight.

3.6.0 STATISTICAL ANALYSES

Data collected were subjected to analysis of variance using the Genstat Linear Model
procedure of Statistical Analysis Systems.(1996). 'DiEfer,Bnces among means were determined
by the least significant u‘[il‘crﬂl'we.{LSDj method (Steel'eta/$1997) and considered significant

if p < 0.05, Analysis of variance tables [romrthe-statistical analysis are shown in pages 64-67.

47

P DR, IR RW e



CHAPTER FOUR
4.0 RESULTS AND DISCUSSION

4.1 CHEMICAL COMPOSITION OF DRIED CASHEW PULP

The chemical composition of DCP is shown in Table 7 along with data on maize which it

replaced in the experimental diets, for comparisot.

Table 7: Chemical composition ml‘DQ{"unﬂ matze (g I@g”ﬂM}:

Component DCP! Maize DCP : Maize
Proximate composition

Dry matter 810 887.5° (.91
Crude Protein 86.0 89.2° 0.96
Ether extract 99.6 448 2.22
Crude fibre 38.0 19.3° 2.00
Ash 380 19:0¢ 2.00
Nitrogen-free extractives 6:60.4 P2 0.92
Fibre Component

Acid detergent fibre 121.7 37 3" 3.77
Neutral detergent fibre 2068 108 4" 1.90
Hemicellulose 851 62.5" 1.36
Mineral elements

Calcium -k 4 0.3 24.0
Phosphorus 6.0 2.8 2.14
Potassium 16.5 3.3 5.00
Sodium 5.6 0.1 56.00
Digestible energy (MJ kg™ DM)? 14.0 13.7 1.02

" The values are the means of three samples
* Estimated using thé formula of Noblet and Perez (1993)
. gEstillat

H Bessun (1990]
“Holness (1995)

i —
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The protein concentration of dried cashew pulp is slightly lower but the crude fibre, ether

extract and ash contents as well as the di gestible energy values are higher than maize. Even

though the DCP contains higher amount of fibre (38.0 g kg™ DM) compared to maize (19.3 g

ke'' DM), it had the higher energy content of 14.0 MJ/kg”,

The ADF fraction consists of lignin and cellulose, while the NDF fraction corresponds mainly
to the sum of cellulose, hemicellulgse ani\ignin valies, Fibre level has been found to be
inversely related to energy content (Mertens, 1985). This accrues at least in part from the low
digestibility of the fibre component of the ingrediénts. The energy content of DCP, with 115
higher fibre content, was therefore expeécted o be the lower instead of being the higher when
compared to that of maize. This could be explained by the fact that in addition to fibre, other
chemical compounds can have a-tarec effect on energy value, For-example, the ether extract
(fats and oils) which was higher for, DCP. contains 2.25 tiines-the energy of proteins and
carbohydrates while ash contributes no energy. This might have influcnced the energy content

of DCP.

4.2.0 PERFORMANCE€HARACTERISTICS
4.2.1 HEALTH
The pigs readily consumed their allowances of the experimental diets and remained in apparent

good health throughout the duration of the study. Table 8 shows the general growth

performance of the experimental population.

o ] _‘_'_'_,_,_.-—-—-'-_
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Table 8: Effects of varying DCP on pig performance and carcass characteristics

Response criteria Level of DCP (g kg) SEM  r values and
0 50 100 150 level of
significance
Growth performance
Av. initial weights (kg) 13.34 13.3 13.67  13.17 0.385
Av. final weights (kg) 5867 n 530 SO6F= 48.67° 2,10
Av. daily feed intake (kg) 133 B3 sol  1.35 0.008 0.14
Av, daily weight gain (kg) 0.39° 0.36° (e 0 S ¢ 5 002 073 ¥
Feed : gain 3.58 3.69 3.76 4.36 0.21 (.88
Economics of production
Cost/ kg feed (GH¢) 0.185 01777007 0.1697 0.1617

Cost of feed/ kg weight gain(GH¢)  0.6648 = 0.6557  0.6380  0,7050

Carcass characteristics

Warm dressing % 59.8 67.4 64.8 64.3 2.03 0.45
Chilled dressing % $1.5 62:2 63.2 61.2 2.33 0.43
Carcass length (cm) 76.0 Ti7 75.2 72.3 1.06  -0.46
Back fat thickness (em) 1.82 1.89 2,26 2.00 0.185 0.66
Loin eye muscle area (cm’) o 279" g 25.5% 1.33 0.84
Ham (kg) 2,0 T8° 1 1.6 0.08 052 *
Shoulder (kg) 35 3.6 3.4 3.0 0.13  -0.83
Thigh (kg) 54 49 56 4.7 023 -0.43
Belly (kg) 3.8 3.4 3.4 2.7 025  -0.67
Loin (kg) 4.7 4.3 4.8 3.7 0.28  -065

SEM - standard errar of means
r - Correlation coeffient
88.% means on the same line with di flerent superscripts are significantly different (P=< 0.05)

* . Significant at 5% level of probability
S = J_'_'_._,_.-'—-'__'_
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4.2.2 AVERAGE DALY FEED INTAKE

The different dietary treatments containing different amounts of DCP did not exert any
significant (p>0.03) influence on the daily feed intake per pig suggesting that pigs will readily
consume diets containing up to 150 g DCP kg'. The average daily feed ranged from 1.33 to
1.5 kg. Regression of feed intake against level of DCP in diets yielded the following equation:
Y (feed intake) = 1,38 + 0.0002x (r = 0, 14; p>0.05) where x is the level of DCP in the diet.
Table 6 indicates that the energy contenis o the eXperimental diets wee similar. Pigs, like other
monogastric animals, generally eat to satisfy an inner metabolic need for energy and will

therefore eat similar amounts of diets containing similar levels of energy.

4.3.2 AVERAGE LIVEWEIGHT GAIN

Although the pigs on-ihe different dictary treatmenits consumed-similar amounts of feed,
liveweight gains of pigs fed the 0. 5@ and 100" oko! DEP-dicts were si gnificantly (p<0.05)
better than those fed the diets containing the highest amount of DCP (150 ¢ DCP kg™). The
following correlation between the level of DCP in the digt'and the weight gain was found: Y
(weight gain) = 0.39 = (:8005x (r = !},?3;,;)}(].1]5]. It was e.‘tpecwti thal consumption of similar
amount of feed by the pigs-would have yielded correspending-similar liveweight gains. The
inferior liveweight gain of pigs fed the 150 kg"f PCP diel may be due to the high crude fibre
level of the ration (Table 6). Several investigators (Graham er al., 1986 ; Fernandez and
Jorgensen, 1986 ; Graham and Aman, 1987a,b ; Fanimo er al, 2003) have rcported that
addition of fibre to the diet can lead to a lower apparent digestibility of starch, fat, crude
protein and pept_i_ﬁés_and withhold them from absorption (Bergner et al.,, 1975 ; Sauer er al,,

..--'-"'"-_._-_-_
1991). Moreover, the water-binding capacity of fibre has been reported to reduce diffusion of

——
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the products of digestion towards mueosal surface (Dierrick ef al., 1989). Thus the lower
growth rate observed for pigs on the diet containing the highest concentration of DCP might he

caused by a reduced amount of protein and other nutrients available for growth, particularly

when true growth is considered as deposition of protein.

43.3 FEED CONVERSION RATIO

Feed conversion ratio value obtaingd for Bigs Yed fthéwconfrol diet was superior to those
obtained for the other group of pigs on the DCP diets. Regression of feed conversion ratio
against the level of DCP yiclded the lincaf fegression equation: Y (feed: gain) = 3.45 +
0.0005x (r= 0.88; p<0.05). This was cxpected as the DCP dicts had higher crude fibre levels. It
is clear that even though the pigs readily consumisd the DCP-bascd diets. they were not capable
of converting them efficiently iito-body constituents. The reduced ability to efficiently utilize
DCP-based diets for growth wasmainly eaused by the mgative'aﬁ‘em of DCP as indicated by

the high index of correlation for feed conversion efficiency (r= 0.88).

4.3.4 FEED COST AND THE ECONOMY OF GAIN

The costs per kilogram of feed for theffour diets are shown in Table 8. Although the DCP was
obtained free of charge from the Cocoa Researeh-Institute’s Station at Bole, it was assigned a
value of GHp 2.00 being the cost of drying and transportation. The inverse relationship of feed
cost observed as the level of DCP increased in the diet was due to the relatively cheaper price
of DCP compared to maize (GH¢0.1600). The cost per kilogram of the control diet was GHp

240 more than the cost per kilogram of the 150 g DCP diel. However, the cost of feed to
e _'___,_,_.--—'_-_'_

produce | kg of pork was lowest for pigs on the 100 g DCP kg' diet, Although pigs on the

e

52



— T ——

150 g DCP kg' diet had a relatively lower cost of feed per kg diet, the effect was cancelled by

the lowered efficiency of feed utilization.

43.5 CARCASS CHARACTERISTICS

Carcass measurements are presented in Table 8. The results of most of these measurements
showed no significant differences between diets. The level of DCP in the diel gave correlation
coefficients of 0,45, .43 and -0.46 whien lineaflyireppesSed ag?zinsl warm dressing percentage,
chilled dressing percentage and carcass length, respectively. There was, however, a trend
lowards increased back fat deposition as the level of DCP increased in the diets (r = 0.66).
Similarly, the estimated loin eye muscle was not. significantly afTected by the level of dietary

DCP but the trend showed a decrease due to the use of the 150 DCP kg™' diet.

Data obtained for the other carcass measurements (weight of thigh, shoulder, belly and loin
except for the ham) did not show significant differences between dicts. The trend for most
parts indicated decreased yield, This is particularly true for pigs fed on the 150 g kg DCP diet.
The results showed that the se of DCP beyond-the LU0 g'kg level gould decrease the weight of
ham, shoulder, belly and loin. The -.éigniﬁcazntiy lower weizht of the mentioned carcass traits
were mainly a reflection of the lower pérfm_'mz-tﬁfe recorded by pigs on diets containing the

highest concentration of DCP. Fanimo er al. (2004) indicated that weights of major cuts are

indices of growth rates. Richmond et al. (1997) also observed a positive correlation between

live weights at slaughter and the weights of the belly, ham and thigh.

e
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The weights of

statistical

some of the organs (heart, kidney, liver and spleen) were, however, not

ly significant (p=0.05) across treatments (Table 9). On the other hand, studies

conducted by Fanimo et al. (2003) to determine the growth performance and carcass

characteristics of growing rabbits fed cashew apple waste indicated that the kidney and liver

weights increased as the level of cashew apple waste in the diets increased.

Table 9: Measurements of internal orgiins of'pigs fed dietscontaining varying levels of DCP.,

-

Treatments
ltem (0gkg'DCP) (50gkg'DCP) (100 Ke™DCP) (150 gkg' DCP) SEM  Significance
Heart, kg  0.23 0.17 0.2 0.18 0.0215 NS
Kidney, kg 0.12 0.14 0.15 0.17 0.1282 NS
Liver, kg  1.30 1.00 LW 1.32 0.1362 NS
Spleen, kg 0.12 0.08 .10 0.83 0.1576 NS

NS — No significant difference obsefved
SEM - Standard Error of Means
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CHAPTER FIVE
5.0  SUMMARY AND CONCI JUSIONS

The study was undertaken to evaluate the effect of partial substitution of maize with DCP and

its effects on pig growth performance, carcass characteristics and economics of production,

The following were observed at the end of the study;

1. Inclusion of DCP in the diel tfe.;yonﬁ% WA gkg E-{:-’I‘T»-iﬁt) g/kg) resulted in significant
decreases in the rate of gain.

2. Inclusion of DCP in the diet up to 100'g kg*llcd to better carcass characteristics.

3. DCP up to 150 g/kg did not pose any health or mertality problems.

4. Apart from ham weight, DCP inelusion in‘the diet did not significantly affect weights
of the major euts (betly, Shoulder, thish and foin)

5. DCP inclusion in the diet.at 100 g/kg resulted in the best feed cost per kilogram weight

gain even though the 150 g kg’ DCP ificlusion recorded the lowest feed cost.

Analysis of the produetite parameters studiedinditated that di:Lar}’.BﬁP up to 100 g kg had
a positive effect on growth perfofmange and carcass characteristics of starter-grower pigs and

that partial replacement of maize with DCPwaspossible.
5.1 RECOMMENDATIONS

1. To substantiate the results of this experiment, it would be worthwhile to repeat the

experiment with a greater number of pigs.
PROIKEHEA giatoniond
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2. Ghana abounds in agro-industrial by-products (AIBPs). The animal industry will therefore
have to invest in hamessing their potential to reduce feed cost. For example, a combination of
DCP and dried blood meal could be advantageous since that would have the capacity of
partially replacing fishmeal which is the most expensive component of pig diets,

3. In arcas where cashew waste abounds, pig farming should be encouraged.

KNUST
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__Table 1: ANOVA FOR AVERAGE DAILY FEED INTAKE

APPENDICES

Source of variation [ ae [ IR m.s, | T B o
Replication 2 0.04085 0.02042 1.0 ;
treatment 2 7 %_——f—“** il Lol 0.439
L2 w 31K BNO d ) Lo.01§34 0.93
Residual | & ‘B Y ES 0901853
iotal 11" [™ D.20683 g
Table 2: ANOVA FOR AVERAGE DAILY GATN
Source of variatiyon . el | HiE, n.s V.2, F EX .
replication 2 00040500 |8.0C2C250 2.30 0.037 |
treatment 3 50144917 | 6.0049306 5,45
Eesidual | 6 0.080852833 > 1'0. 000680

Total L 11 0.9238250
Table 3: ANOVA FOR BACK FAT THICKNESS

Source of variation . i Swl, | Vs F pr.

replication z ra0l5d : N 0.238

: 0.Dpa77 ||

treatment 3 =0, E760 e At 1.B6 .

Residual e T U.1024

Total 11 1.1986
Table 4: ANOVA FOR WEIOME OF/BELL
| Bource of varlation | 4. B .35 ns [v.r. F pr.

replication 2 £.aesy 0.1827 0.95 0.059

treatment = 2.5200 g.8400 436

Residual 6 1.1862 0:1827

Tacal ] 4.041%

Table 5: ANOVA FOR CARCASS LENGHT [
Bource of variation | 4,F. : g.:. m.s. v.r. Pipe. |
replicatiom L= 10.282 5,141 151 0.070
treatment 3 40,783 13.596 4.00
Residual & 20,378 o R 1

—Foral 11 71.44%
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Table 6: ANOVA FOR FEED CONVERSION RATIO

SQur;é ﬂ# variaticon d.f. 8.8, m. =8, V.l E pr,
Replication 2 0.2447 0.1224 0.65 0.261
Treatment 3 0.3754 0.3265 1.73
Residual 6 1,136 0.1R93
| Total 11 2,3602
Table 7: ANOVA FOR WEIGHT OF HAM
Source of variation d T 5.8, m. 8. V.r Fpr.
feplicacion 2 0.00500 0, 00250 0,14 0,018
Treatment 3 €.40317 D.136329 7.55
Residual £ 0.10833 J.21808
e | rF 3 . J . |
Total 11 ;ﬁﬁ'“ _SQ i | L |
Table B: ANOVA FOR HEART WEIGHT
|_ Sourge of variatiorn d.E. a.&. M85 b i 1 F pr.
Replication 2 0.001667 0.000B33 0.80 D.256
Treatmentc 3 0,037292 0.002431
Regidual 5 - 6.008333 @.001383
Total 11 0.017292
L %
Table 3: ANOVA FOR INSIDE FAT ”
Source of variatibn o5k 4.8. | mya- e E pr.
replication .~ {01628 0,00822 0.32 0.383
| Treatment Sl D¥0s2 30 | Surraoag |\ 1.21
Residual . & 0.15204, 0.02535 .
Total | 11 | . 0:36063 |
Table 10: ANOVA FOR. KIDNEY WEIGHT! :
Bource of variatiofi 4.l B.52] gl Ll B mr
Eeplication [sEF 1500y | &, 53505 i 0,291
Trea-ment T 9.23265 0,07763 1,58
Residual £ 40 29559 0704985
Total 11 0. TTEme
Table 11: ANOVA FOR LOIN EYE AREA
Source of variation g gog | m.5. ik, F pr.
Replication 2 4.21% 2.108 0.40 0.6HS
Treatment 3 8,198 S e 3.52
Residual —g ] 31,648 525
Total : —l 44,052
———
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Table 12: ANOVA FOR WEIGHT oF LOIN

Suuiilze of variation d.£. 5.5, m. g, R F pr,
Feplication 2 0.7117 0.3558 1.52 0.118
Tre:_atment 3 2,0867 0.6956 2.9g
Residual 1,4083 0.2347
Total i L.2067
Table 13: ANOVA FOR WEIGHT OF LIVER
Source c:F variatian d.f, soey | m.s. v, r, F pr,
Replication 2 0.06732 0,033%6 0,61 0.360
Treatmsnt 3 0.21562 0.07187 1.29
Residual 5 G 33375 e, BB 2
Total a ;ﬁ.ﬁﬁﬁig |
Table 14: ANOVA FOR SHOULDER WEIGHT
T
source of variation |d.:Z. BB [mags Wiy F Y.
Y- T : 0.058
Replication 2 L.10167 0. 05053 1.02
treatment 3 | B.EEeET . lo.el88s 4.40
Resldual fub TR LD
Total 1 i 105667
__ Table 15: ANOVA FOR WEIGHT OF SPLEEN
Source of (4 B moe Vil F pr.
variation
Replication = 0500021671 97000a0BF | 0,27 0.455
Treatment 3 0. 00227 DwmQGU¥e35 | 1. 08
Residual S | C.0025833 | G.UG07638
Table 16: ANOVA FOR THIGH WEIGHT
Source of variation .5, BB | Mg X Vol
Replication 2 | D.4650 | D.2325 1.48 0,103
Treatment K} 1.5233 0.5078 3,24
Residual & Q.9417 0.15¢%9
Total 11 2.9300 i
Table 17: ANOVA FOR FINAL WEIGHT
Source of wvariaticn " B v 5.8, m.8. Wik Fpr.
Replication 2 46,50 23 25 § IS 0.031
reatment 3 238.00 79.33 5,99
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Residual 3 79.50 13.2%
Total 11 364.00
Table 18: ANOVA FOR WEIGHT GAIN
Source of variation d.tf. 5.8, m.8. |[wv.r. F pr.
Replication F £4.932 l2.466 1.60
Treatment 3 187.110 62.370 8.01 0.016
Residual [ 4f. 6 7
Total 11 2
Table 19: ANOVA FOR CHILLED DRESSING AGE
Source of variation d.E. . ;. v.r P pr.
Replication 2 . 01 2.15
Treatment 3 E 04 159 0.377
Residual g o 6
Total T ¥ T
m Nl
o — /"'__
Table 20: ANOVA FOR WARM DRES E B s
Source of variation |d.f o vy, F pr.
Replication F | 3.01
Treatment 3 B9 JE 5, 75 2440 D.18%
Residual el 7 2 il -
Total 1 1
\ *‘/
L
"ﬁn‘_} eﬁ
Table 21: ANOVA FOR FEED T : 3 s I.E EQ
h-‘-‘-"'-"-—'—-
Source of variation def; 8.8. m.s. Vel F pr.
Replication 2 547.3 273.7 | 1.04
Treatment 3 703.2 234.4 0.89 0.498
Residual (-] 1579.3 263.2
Total X 2829.9
— ; .
Table 22: ANOVA FOR INIPTAL WEIGTH
[ Source of d.f. 8.8, m.s il Ppr
n




i . e L

| Replication 2 |2.0000 1.0600 2.25
Treatment 3 | o0.3958 0.1319 .30 0.827
Regidual s Z.6667 0.4444
Total
==
—--—#;_
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