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ABSTRACT
Two feeding trials were carried out; one with cereal-based diets and the other with
AIBPs 1o determine the protein requirements and reproductive performance of
pregnant and lactating sows. In experiment one, a total of cightcen Large White gilts
with an average liveweight of 100.39 kg were allotted equally to three dictary
treatments namely, T1, T2 and T3. Three sets of cereal-based diets contaming
different CP levels were fed, namely breeder, lactation and creep diets. The breeder
diets were formulated to contain 13.20% (T1),12.56% (T2) and 12.01% CP (T3).
While the lactation diets were also formulated te.contain 16.08% (T1), 14.54% (T2)
and 13.20% CP (T3). The CP levels for the creep diets were 22.60% (T1). 21.74%
(T2) and 20.01% (T3). The mean initial liveweight for the gilts on the threc
treatments were 99.33 kg (T1), 102.00 kg (T2) and 99.83 kg (T3). The gilts were
offered the breeder diet at @ ratc of 2 kg/day. After parturition. sows were fed 4
kg/day of the corresponding lactation diet. All litters received creep feed from two
weeks of age until weaning, The cffects of the varying CP levels on piglet birth
weight, number born alive and number weaned were determined, The effects of the
different creep feeds on piglels ADG and weaning weight were also assessed. Milk
yield of sows were also measured. The litter size (number born alive) was highesl
(9.17) for T1 and decreased as the CP level also decreased (ie 7.60 for T3) but the
differences between the means were not significant (P > 0,05). The average birth
weighf?n‘fﬁfglats frorrTT was relatively higher (1.45 kg) than for those on T2 (1 35
kg) and T3 (1.42 kg) (P > 0.05). There were no significant differences in the weaniny
I
weights of piglets from the gilts on the three treatments. The ADG of piglets was

relatively higher in T3 (0.20 kg) compared with the other treatments (P > (.05). Sow

weight gains during pregnancy were 30.33, 28.80 and 34.00 kg for dietary treatments
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T1, T2 and T3 respectively; again the differences between the means were nol
significantly (P = 0.05) different. Increasing the CP intake of sows during lactation
failed to significantly (P > 0.05) affect milk yield.

In experiment two, seventeen Large White primiparous sows from the [irs
experiment were used. The initial mean liveweight of the sows on the threc
treatments were 126.00 (TA), 122.00 (TB) and |14 kg (TC). Treatments TA, (The
control diet), was the cereal-based diet identified in experiment | to be ideal for the
gilts and sows during pregnancy and lactation. Dietapy-treatments TB and TC were
AIBP-based diets in which the maize in the.control diet had been replaced with some
selected AIBP completely. However, the three dietary treatments had similar CP
levels. The mean birth weight and litter size (number born alive) were highest for
piglets on dietary treatment TC than for those on TA and TB (P > 0.05), Sows on
diets TB and TC had relatively higher liveweight gain during pregnancy (3540 and
31.40 kg respectively) than those on dietary treatment TA (20,40 kg) although the
differences were not significant (P > 0.05). The highest weaning weight (1031 ky)
was obtained from sow TA piglets, although the différences were not found to be
significant (P > 0.05), again there were no significant {P}U.US} dilTerences in the
mean number of piglets weaned. Weight loss in the sow during lactation was h ighest
m TC sows (28.33 kg) and lowest (20.00 kg) on TB. The milk vields of the sows
were similar to each other at 14" day of lactation (ie 3.48 kg (T1), 3.57 kg (T2) and
3.94 kéga?'{TBJ and-atsoar 28" day of lactation (P = (.03). The sows fed the diel
TA recorded the highest (6.79 kg) milk yield on the 42™ day of lactation compared

R ——

to TB (4.43 kg) and TC (4.38 kg), though the differences between the meuans were
not significant (P > 0.05). The ADG for piglets on treatment TA were higher (0.21

kg/day), even though such growth rates were not statistically (P = 0.035) dilferent
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from piglets on treatments TB and TC, It was concluded that AIBP can be included
in the diets of sows at the levels used for this study without any adverse effect on the
measures of sow reproductive efficiency. The survivability of piglets could e

sustained using AIBP-based diets as well as cereal-based diets,
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CHAPTER ONE

LLOINTRODUCTION

Although many research studies have been carried out on pigs in the tropics.
it would seem that a considerable number of research on the nutrient requirements
for pigs have been done mostly in the temperate or developed countries and there
seems to be a paucity of information on sow performance since the bulk of the
research is on grower-finisher (G-F) pigs (Azian er al., 1994: Coma et al., 1996).
Even in the developed areas; the differences with herd size, stages and durations of
studies involving sows have ‘led to! difficulties in interpretation of the resulls
Empirical and specific recommendations for the nutrient requirements of sows
during gestation and lactation have also been made (Braude, 1981). The differences
in litter size and the number of piglets which can be reared and weaned have also
help to establish requirements for piglets based on feeding cereal-based diets. The
nutrient requirement of pigs could be influenced by physiological factors. health,
stress level, age, environment, production level and type of management (Waunge and
Fuller, 1989; Cromwell et al., 1999; Cole and Sprent, 2001 ).

The economic returns in pig production depend 10 some extent. on the
frequency and the number of piglets born, birth weight and the weight of piglets al
weaning all of which influence their survival. In the reproductive cycle of the sow,

gestation is one of the critical phases with a high demand for nutrients for the

dew}upiﬁg_-fﬁﬂtuswmre? lactating sows have higher requircment for CP 10
i i i i - P r 4 Yarme 1007
____support milk yield for the piglets (Kusina et al., 1995; Pettigrew and Yang, 1997),
A reduction of feeding cost is of utmost interest to pig farmers in Ghana and

elsewhere. It has been shown that, feed cost represents up to 80% of the total cost of

pig production in Ghana (Okai er al, 2001). Usually the protein and energy sources



are the most expensive components in the feeding of pigs. In Ghana and other
developing countries, cereals are not only major energy sources for pigs but they also
provide a substantial part of the protein in pig diets. However. in Ghana. the use of

cereals in pig diets may be uneconomical due 1o its high cost (Cameron, 1970. Oka

et al., 2001),

Ghana has placed considerable emphasis on value-addition 1o agricultural
produce leading to the availability of many agro-industrial by products (AIBPs).
Some of these AIBPs are wheat bran, rice bran,maize bran, palm kemel cake.
soybean meal, dried cocoa pod husk, cassava and plantain peels, groundnut skin meal
and brewers spent grains (Barnes et al., 1984; Okai e al, 1984: Arueya, 1991 and
Rhule, 1998),

Trials with cereal-based diets conducted in the temperate areas have shown
that the optimum CP levels for pregnant and lactating sows are 13 and 16% CP
respectively (Mahan ef af, 1977; Jones and Stahly, 1995). Com-sovbean meal dicts
containing between 18 and 22 % CP have been recommended for weaner pigs (NRC.
1998). Jensen (1978) suggested that the levels of CP in the diet of starting, growing
and finishing pigs should be 20, 16 and 14% CP respectively. It has alsa been
suggested that a maize-soybean meal diet meant for pregnant sows should have 13 o
14 % CP and should contain some high fibre feedstuff to prevent gestating sows
from an_stipating (Day and Plascencia-Gonzalez,, 2000). Feeding pigs on AIBP has
been ft:ii.mi:i-i-a overfm:j_ifﬁculty of feeding expensive items to pigs as well as

___reducing the competition between human and farm animals for cereals (Pond ef al..

1995).



The overall objective of the study was to provide data on the reproductive

performance of the sow and the growth and survival rates of piglets when fed AIRP-

based diets.

1.

iii.

1.

The specific objectives were to:
Establish the requirement for crude protein by gestating and lactating sows in
Ghana, when fed cither cereal or AIBP-hased diets.
Determine the effects of the identified crude protein level on the reproductive
performance of sows.
Determine ideal crude protein lewel for creep diets for piglets in Ghana,
Delermine the effect of AIBP-based ereep dicts on growth and survival of

piglets.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1.0 Protein and Amino Acid Requirements of Sows
2.1.1 Protein Requirement of Pregnant Sows

The protein requirements of pigs are usually expressed as a percentage of the
total diet. Protein and amino acids are required by pigs for maintenance, growth and
reproduction. In the reproductive cycle of the sow, geslation is an importani phase
with a high demand for nutrients. Sows in gestation have high requirement for crude
protein to support foetal growth. The.pratein requirements of the pig vary 4l various
phases of its life (Carpenter and Booth; 1973; Campbell e af., 1985), Sows may b
fed with cercal-based diets containing 12.0 to. 13.0 % CP, for the entire duration of
gestation (Kusina e al., 1999). Pregnant sows fed 10 % CP maize-soybean diet had
low piglet birth-weights (Sauber ef ali, 1994).

It has been observed that, sow weight gain during pregnancy, piglet weight
gain and piglet average weight at weaning were nol alfected in the first reproductive
cycle when sows were fed 10.0, 11.5, 13.0, 14.5 and 16.0 % CP cereal-based dizl but
were affected in the second reproduction cyele (Coma ef al, 1996). They also found
out that, sow weight gain, number of piglets weaned and litter birth weight in the
third reproduction cycle increased linearly, Pig!et welght and number of piglets born
alive were not influenced by parity (Mahan er al,, 1977). Preliminary studies by
Gran&i:f;;"(l'iﬁgd] and—tomes and Stahly, (1995) indicated that the opumum crude
protein level in the diet of pregnant sow should be 13.0 %. The CP requirement for
breeding sows through gestation has been put at 12.9% but decreases as the body

weight increases (NRC, 1998).



Crude protein levels had no significant effect on piglet’s birth weight.
number born and carcass characteristics (Close and Mullan, 1996). The magnitude ol
the weight change in pregnancy influences the requirement for protein in the
subsequent lactation. It has been observed that the larger the weights gain in
pregnancy, the greater the weight loss in lactation (Braude, 1981). Pond er a/ (1968)
fed 1.5 to 2 kg per day of maize-soybean meal diet containing 14% CP from day 100
of gestation until farrowing and reported that there were no significant effects on the
number of piglets bom, either alive or stillborn. In another study, Ahermne and
Williams (1992), fed 2.3 and 3.9 kg'of a 13% CP maize-soybean meal diet per day
throughout the gestation period and piglet birth weight and the number of piglet born

were again not affected.

2.1.2 Protein Requirement of Lactating Sows

The requirement for protein by lactating sows is to minimize negative
nutrient balance while optimizing milk production (Lewis et al., 1991). Levels of
nutrient intake during lactation are directly related to the amount of milk produced as
well as the growth rate of nursing piglets. Lactating sows ¢an produce about 5.3 1o
11.33 kg of milk per day. For highly prolific.and productive sows, nutrients from
body tissue reserves could be used t6 support lactation leading to weight loss,
extended weaning-to-oestrus interval and small litter size piglets when inadequately
fed (.Kn:hé 1991; Baker;T993). Weldon et al (1994) reported that liveweight losses
of up to 30 kg during lactation have been observed for sows given low CP dict with

s

high levels of feed during pregnancy followed by restricted intake throughout an

eight week lactation period.



It has been shown that increasing CP levels above 13% did not improve the
weight gains of sows (Bowland, 1970). In the growing-finishing period, feed intake.
weight gains and feed efficiency were improved when pigs were fed [4% CP cercal
based diets. According to the NRC (1998), from 4" to the 6" week the reguirement
of CP for lactating sow is 16.3 — 17.5% and the anticipated lactational weight change
is zero for the first three weeks but decreases to negative 10 kg from the 4" to the 6™
week. Okai et al. (1977) obtained 1.3, 9.01 and 0.17 kg for birth weight, weaning
weight and ADG when pigs were fed a 14.03% CP cercal-based diet. As shown in
Table 1, milk yield can be influeneed by the level of CP with sows fed a 12 or 14 %
CP dict during lactation, producing lessunilk and subsequently loosing significantly
(P < 0.05) more weight during lactation than sows fed a 16 % CP diet (Einarasson,

and Rojkittikhun, 1993).

Table I. Effect of crude protein levels during lactation on sow milk vield

Crude protein level (%) ] 12 ' 14 16
Sow feed intake {kg} 4.5 4.5 4.5
Sow weight changé{kg) -25.4 2109 +3.7
Piglet weaning wi(kg) | S 6.1 6.2
Milk yield (kg) 5.5 | 7.4 10.5

-Source: Einarasson and Rojkittikhun, (1993)
— e -'_'_.___,_--'-'-'__'_F

o

2.1.3 Amino Acid Requirement of Pregnant and Lactating Sows

Lysine is considered the first limiting amino acid in cercal-based dicts for

pregnant sows. The lysine requirement of sows during pregnancy has received more



attention than any other essential amino acid (Belstra e al., 2002). A daily intake of
8-10 g lysine has been recommended for pregnant sows (ARC, 1981). It has been
suggested that, 260 g CP / day with 12 g lysine/ day would be adequate to support
gestation in sows. Increasing protein intake from 260 to 340 g CP/ day and lysine
from 12 to 16 g increased weight gain in gilts during gestation (Braude, [U81),
Pregnant gilts can synthesize sufficient arginine to meet their entire requirement for
reproduction (Baker, 1993; Yang ef al, 2000; Nielson er af., 2002). Levels between
0.40-0.52 % methionine + cystine have been found to give salisfactory performance

for pregnant sows and lactating sows;

2.2 Energy Requirement of Pregnant Sows

Sows are known to eat to satisfy their encrgy needs and thus eat less of a high
energy diet. During gestation, 60 to 80 percent of the total eNeTgy requirement is
used for maintenance. The NRC (1988) indicated that the daily requirement for
maintenance of pregnant sows was 106 kecal of ME or 110 keal of DE/kg of
BWO'”!day. Noblet efal. (1993) also reported 4 daily requirement of 105 keal of
ME/kg of BW' " /day for primiparous and multiparous sows.

Schrama et af. (1994) reached a similar conclusion from the literature je 103
kcal of ME/kg of BW”'”;“day for primiparous sows but reported data to indicate an
increase from 93 keal in the first parity to 104 keal in the second parity and 0 113
k::&l—(;l.‘%viE}“kg of BW***ifi the fourth parity,

The ARC (1981), Cole (1992) and Shi and Noblet (1993) reviewed the effects

e e
of energy intake during gestation on sow weight gain and reproductive performance,

It may be inferred from the literature that increasing the energy density of the dict of

a pregnant sow improves weight gain. It has been shown that as energy intake and



weight gain during pregnancy increases, energy intake during lactation decreases
with increased weight loss. It is therefore, desirable to limit energy intake during

pregnancy to control weight gain (O’Grady, 1980; Brooks e/ al., 200] ).

2.3 Energy Requirement of Lactating Sows

The energy requirement of the lactating sow has been found to be very cruciy|
as body energy reserves would be mobilized 1o maintain milk yield (Nielsen er al..
1997; Johnston et al., 1999). The energy requirement of the lactating sow would
depend on its body weight, milk vield and the body composition (NRC, 1988}, When
lactating sows were fed 51.0 to 76.4,54.0 1o 82.0 and 552 to 86.0 MJ DE daily
during the first, second and third lactations, it was observed that milk yield and
composition as well as litier growth rate were not influenced by the different levels
of energy during the first Jactation. However, during the third lactation the lowest
energy level seriously depressed milk yield with a correspending depression in litter
weight of about 13.5 % at the 42nd day (O’Grady ef al., 1985). Liveweight losses ol
up to 30 kg during laetation have been reported for sows given low CP diets with
high levels of feed during pregnancy followed by restricted intake throughout an
eight-week lactation: period (Williams, 1995), Weight losses usually reflect
differences in milk yield in the lactation period (Weldon et af, 1994) The
environmental temperature is important for lactating sows as high temperatures have

been found fo reduce feed-mtake (NRC, 1998; McNamara and Pettigrew, 2002),

— Sows weighing between 145 and 185 kg live weight at farrowing and allowed daily
feed intake between 4.4 and 6.1 kg of a maize-soybean diet containing 3.34 Mcal
DE/ kg produced 5.0 to 7.0 kg milk per day and los approximately 6.5 kg in a

twenty-eight day lactation period (NRC, 1988). It has been shown that the modem



sow could produce 10 to 12 kg milk/day and therefore, would require much higher
encrgy intake (Evert er al, 1994). An energy balance for a 150 kg sow producing 9 4
kg milk per day is shown in Table 2. As can be seen, this sow would FOQUITE an

average of 7 kg feed per day of a diet containing 3.34 Mcal DE/kg.

Table 2. Predicted feed and energy requirement for a 150 kg lactating sow with 10

piglets.

Week Week Weck Week Mean

| I 2 3 4

Average wtof piglet . kg 25 4.0 6.0 8.0 5.1
Average daily gain by 160 220 280 280 235
piglet, g/day
Milk yield, kg/day 6.4 8.8 11.2 11.2 9.4
Energy required Mcal DE/d

17.5 22,3 27.1 27.1 23.5
Feed/day, required, kg* 5.2 6.7 8.1 8.1 7.0
Actual feed/day, kg 4.4 5.5 6.0 5.9 5.5
Sows wt loss, kg/wk 26 4.1 7.5 7.8 -

* Diet containing 3.34 Mcal DE/kg
Source: Evert er al., (1994).

The sow used in this example was suckling 10 piglets and the average piglet weigh
at 7, T4, 21, 28 daysoF age was 2.5, 4.0, 6.0, and 8.0 kg. To produce this weight gain
__—will require 6.4, 8.8, 11.2, and 11.2 kg milk per day in weeks 1. 2. 3 and 4 ol
lactation respectively. The feed intake required for sow maintenance and milk
production and the expected daily feed intake are also presented in Table 2. As
shown in Table 2, approximately 75% of the energy required goes to milk production



and 25% for maintenance. This sow therefore does not consume enough food to meet
her needs. Therefore some of the energy and nutrients required by the sow must he
derived from mobilization of body tissues during lactation. In this example, the sow

would lose nearly 22 kg body weight during the four-week lactation,

2.4 Energy and Protein Requirement of Piglets
The requirements of piglets for protein and essential amino acid are related to
the amount of energy consumed. For the first few days of life, suckling pigs receive
their nutrition from the milk of the sow. It has been found that the average weight of
piglets at birth appeared to be unaffected by CP levels in the sows diet when this was
above 13% (Baynes and Wiseman, 2001; Brooks er al.. 2001). Bowland (1970)
observed improved performance during the starting period with increasing starter
protein content.up to 20%. Inereasing starter CP levels up to 17% improved weight
gains while a further increase to 24% resulted in increased feed efficiency. I has also
been reported that sow milk provides only 40% of the daily arginine requirement for
suckling piglets. Supplementation of feed with arginine stimulates the secretion ol
insulin and growth hormone that . ;egulat: protein accretion (Acamovic, 2001),
Arginine is the most important carrier of nitrogen in the body of piglets and
participates in many metabolic pathways (Aheme, 1997).
The introduction of solid feed to piglets before weaning is termed creep
= == J_H_...a—--'-__'d_ [
feeding and it is often fed to the piglet from the second week of life. It has heen
— found that, very little creep feed is consumed before the third week of age (Pond and
Maner., 1974). Piglets below three weeks ol age have intakes of less than 60 MJ DE

day per litter of 9 piglets. Piglets older than three weeks increase their creep feed

10



consumption because the digestive system develops with time to utilize the creep
feed (Dunshea er al., 2000; Partridge and Gill, 2001),

The crude protein level of creep feed has been put at 20-22 %, (O'Grady,
1980; ARC, 1981; Okai er al, 1994). O’Grady and Bowland (1972) fed pgs
averaging 3.6 kg liveweight, diets containing energy levels of 11.8, 12.6, 134, 143
and 15.1 MJ DE/ kg and observed that up to 25 kg liveweight, feed intake decreased
and daily weight gains increased with increasing energy level of the diet, It wus
observed that in piglets fed the low energy diets (11.8 and 12.6 MJ/ kg},
compensatory growth and feed, intake of pigletsidecreased with increasing energy
content of the dict and the energy level of 13.6 and 14.6 MJ DE/ kg had no effect on
weight gain.

It has been shown that small litters may have higher individual growth rates
because there 1s- more milk available for each of the pigs in the litter, whereas larger
litters of 12 piglets or more will have 50 g less body weight at weaning than litters ol

6 piglets (McNamara and Pettigrew, 2002; Nielsen et al.. 2002).

2.5.0 Mineral Requirement of Pigs
Minerals must be supplied in pig rations for optimum performance. Abaut 3

percent of the total body weight of the pig consists of mineral elements (NRC, 1998),

Minerals-are essential-fermmost of the basic metabolic reactions in the body. Minerals

have a role in digestion, metabolism of protein, fats and carbohydrates: and the structure
e —

of chromosomes, enzymes, nerves, blood, skeleton, hair and milk. They are also
important in reproduction, growth and resistance to diseases and parasiics of s

(NRC, 1998).1t has been reported that the amount of a given mineral that a pig absorb
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depends on its concentration in the diet, the mineral source, concentrations of other

minerals in the diet and the mineral status of the pig (NRC, 1980; SCA, 1987: NRC.

1998). Pigs depend on the feed for their mineral requirements which must be in their

proper proportions (NRC, 1998). Available reports indicate that pigs need at least 12

mineral elements in their diet ie calcium, phosphorous, sodium, chlorine, potassium,

magnesium, iron, manganese, zinc, iodine, copper and selenium (Peo, [99]; NRC.

1998)

Table 3. Mineral requirements of bregding so6ws (% ).

Mineral Gestation Lactation
Calcium 0.75 (.75
Phosphorus (total) 0.60 0.60 _
Phosphorus (available) 0.35 .35
Sodium 0.15 0.20
Chloride 0.12 0.16 I
Potassium (120 0,20
Magnesiu-rﬁ 0.04 0.04
Iron 0.008 0.008
Zine 10.005 0.0035
Copper 0.0005 0.0005
Manganese 0,002 0.002
Todine 0.000014 0000014 |
Sclenium [ 0,900015 70.000015

Source; MRC (1998)

Sodium chloride (common salt) provides the principal intracellular cation and
anion in ﬁlﬂ body. chgmgn.sah—mntains about 40% sodium and 60% chlorine (NRC,
1988). The recommended level of salt is 0.25% for a grain-soybean meal diet for

e
growmg and finishing pigs, 0.40-0.50% in starter dicts, and 0.50% in sow diets,

Available reports indicate that, common salt deficiency results in a reduction in rate

and efficiency of growth (_Pc-nd and Maner, 1974; NRC, 1998).
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Potassium, the third most abundant mineral in the body of pigs, i1s important
in electrolyte balance and neuromuscular function. Magnesium is required for many
enzyme reactions. These two minerals, along with sulfur, are generally nol
supplemented because diets of grain and soybean meal contain igher concentrations
than necessary to meet the requirement, and no deficiencies have been shown in pigs
(NRC, 1980; NRC, 1998).

Copper is necessary for the synthesis of hemoglobin and for activation of
several oxidative enzymes needed for normal metabolism (NRC, 1997). Deficiency of
copper leads to poor iron mobilization, abnommal formation of blood, poor
keratinization, and poor synthesis of collagen, elastin, and myelin. The requirement for
copper is probably no greater than 5 to 6 ppm during the growing phase (Miller et o/
1979; NRC, 1998). Young growing pigs are ofien fed as much as 100 to 250 ppm
copper to stimulate growth performance. Toxicity of copper may oceur in growin g pigs
fed more than 250 ppm for an extended period unless 100 ppm iron and zine or 500
ppm of sulfur are added to the dict (Gardner et al, 1990). Toxicity signs include
depressed hemoglobin coneentrations, anemia, and bloody feces, which are the result
of excessive copper accumulation in the liver and other vital organs. Reduced
concentrations of zine and iron or high calcium accentudte copper toxicity (NRC,
1998).

Iron (Fe) is an essential element of myoglobin in muscle, transferrin for Fe
tranSpnﬂ_E;s;erﬂm; uterofesrmoF iron transport in the placenta; lactoferrin in milk for
Fe transfer to the nursing pig, of hemoglobin in red blood cells and hemosiderin for e

e

storage in the liver (NRC, 1998). Iron deficiency rapidly develops in newly born pigs

and piglets must receive supplemental iron preferably by intramuscular (IM) injection



of 100-200 mg of iron in the form of iron dextran, won dexinn, or gleploferron dunng
the first 3 days of life (NRC, 1988).

lodine is required in small quantitics and is a vital component of the thyrond
hormones, which affect the pig's metabolic rate. It is especially important for sows
during pregnancy. Sows fed iodine-deficient dicts will farrow weak or dead pigs thal
arc hairless with enlarged and hemorrhagic thyroid. The incorporation of iodized salt
(0.007% iodinc), at a level of 0.2% of the dict, provides adequate 1odine (0.14 ppm)
to meet the needs of growing pigs fed grain-soybean meal diets (NRC, 1988),

Zinc (Zn) is required for nomvial cpidenhial tissue development and proper
function of several metabolic enzymes (NRC, 1998). High calcium levels in the diet
increase the Zn requirement. Excess calcium reduces zinc absorption and may specd
its removal from the tissucs. It hias been shown that zinc requirement on a com-sova
bean meal ration-ss.about 0.005 to 0.01 % with normal levels of galcium for growing
and finishing pigs. High zinc concentrations (0.2 10 0.3 % zinc as zinc ovide)
increased the growth rate of newly weaned pigs, and in some cases reduced the
incidence of diarrhea. Zinc deficiency in pigs is characierized by a loss of appetite,
reduced growth rate and feed efficiency and impaired scxual development, and is
often accompanied by a skin condition called parakeratosis (Miller er af . 1979) Zine
toxicity results in reduced growth, arthritis, hemorrhage in axillary spaces, gastritis
and death. (Pantnidge, 1981).

i e
e
1.5.1 Calcium and Phosphorus Requirements of Pregnant and | actating Sows

For pregnant and lactating sows, calcium and phosphorus requirements ae

estimated at 0.75% nd-m respectively. Shghtly higher levels of Ca and PP arc
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fed to ensure sufficiency and to prevent posterior paralysis in heavy milking sows
These requirements are based on daily feed intakes of at least 1.8 kg of feed during
gestation and 5.5 kg of feed during lactation. If less feed is consumed per day, the
percentages of calcium and phosphorus may need to be adjusted upwards (Braude,
1981; NRC, 1998).

It has been shown that Ca and P play important roles in the development and
maintenance of the skeletal system, blood clotting, muscle contraction and some
physiological functions (NRC, 1998; NRS, 2003). The ratio of total calcium: total
phosphorus should be kept between 1.25:1 for maximal utilization of both minerals.
Wide calcium- to- phosphorus ratio reduces phosphorus absorption, especially if the
diet is marginal in phosphorus. The ratio is less critical if the diet contains excess
phosphorus. When based on available phoesphorus, the ideal ratio of calcium 10
available phosphorus is 2-3:1 (Braude, 1981; Whittemore, 1996: NRC. 1998),

Most of the phospherus in cereal grains and oilseed meals is in the form of
phytate (organically bound phosphorus) and is poorly available 1o pigs. whereas the
phosphorus in protein sources of animal origin, such as meat meal. meat and bone
meal and fish meal, is in inorganic form and is highly available to pigs. Availability
of phosphorus varies in cereal grains. For example, the phosphorus in corn is only
10-20% available, whereas the phosphorus in wheat is 50% available. It has been
suggested that swine diets may be formulated on an “available phosphorus™ basis 10
msM;:mE phosphorusTequirement is met (Ly, 1993),

_ Phosphorus supplements such as monocalcium or dicalcium phosphate.
e

defluorinated phosphate, and steamed bonemeal are excellent sources of I ghly

available phosphorus. These supplements are also good sources of calcium. Cround

limestone is also an excellent source of calcium (Braude, 1981).
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2.6 Effect of Heat on Pregnant and Lactating Sows

The adverse effects of high temperature on sows have been documented
(Quiniou and Noblet, 1999). When temperature increases the voluntary feed intake
decreases, which in turn reduces heat production due to the thermic effects of feed.
The effects of high temperatures on the performance and teedin g behavior in
pregnant and lactating sows have heen maore accurately characterized by Quiniou ¢/
al (2000). Evidence from literature suggests that nitrogen losses through the urine arc
higher when temperatures are high rather than when temperatures are low (Holmes.
1974). Under high temperatures, diets.of pregnant sows should contain high levels of
protein to make up of losses through urine. Diets with low crude protein content and
added fat result in low heat production. The environmental temperature of the
farrowing house is onc of the most eritical factors affecting feed intake in lactating
sows. Table 4 shows the results of an experiment in which sews were housed in a
farrowing room maintained at either 27 or 21 "C. Sows maintained at the lower
temperature consumed more feed, lost less weight and weaned heavier piglets in
comparison to sows housed at the higher temperature (Edward ef al.. 1995).

Table 4. Effects of Heat on Sow Reproductive Performance

Temperature (°C) AgEe [.2]
Sow feed intake (kg/day) 4.6 5.2
Sow wt lqss al weaning (kg) 21.0 14.0
Piglet—;;;i'g]_it at 28.daysTRg) 6.2 7.0
| |

Source: Edward er af (1095),
—--'-_-_-_

Higher temperatures will delay or prevent estrus, reduce conception rates, and

increase early death of embryos in sows (Granier ef al., 1998). Heat stress in the firal
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13 days after mating can reduce the survival of embryos by 30 to 40%. Eating.
digestion, and nutrient absorption all produce heat so the reduced feed intake by pigs 15
a way to reduce the amount of heat their bodies produce. Reduced feed intake will
result in reduced growth and reduced milk production in lactating sows kept at a roon
temperature above 41.70 °C (Johnslon er al., 1999), Heat stress that occurs during the
last few weeks before farrowing could lead to a higher number of stillbirths. Smaller
piglets will be weaned and the sow will lose a larger amount of weight. making it more

difficult for it to return to oestrus (Quiniou and Noblet, 1999),

2.7 Effects of Dietary Fibre on Pregnant and Lactating Sows,

The term fibre has not been clearly defined in terms of chemical and
physiclogical properties (Meunier-Salaun er al, 1999). Fibre is still used to mean
plant polysaccharides which are resistant to ruminant and non-ruminant digestive
enzymes (Noblet and Le Goff, 2001). It has also been defined as that component of
plant ccll wall that is resistant to the digestive enzymes of animals (Ramonet ef al,
2000). Fibre has been recognized generally as anti-“nutritive™ for animals due to the
negative influcnces on digestion. These anti-nutritive cffects appear to be more
important in chickens than in pigs, also it scémis to be more important in piglels than
in grower and finishing pigs (Fernandez er al., 1986). Effects of fibre on the
diges@ﬂﬁ?-el‘ amin/wid,and- other nutrients especially in non-ruminants such as
pigs have been documented (Le Goff and Noblet, 2001).

Lt

Sows have quiet a high potential for fibre utilization (Low, 1985). Fecding

pregnant sows on fibrous diets had no detrimental effects on the mean total number

of piglets born, born alive and piglet weaning weight (Anderson and Lindbere.
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1997). The digestive utilization of fibre depends on the type of plant and the age ol
the pig (Le Goff, 1999). Meunier-Salaun ¢ al (1999) reported that fibre from plants
also provides metabolisable energy to the sow.

Fibre-rich diets could increase the gut size of the sows leading lo a larger
body weight gain during the gestation period. There is evidence that the weight of the
stomach, cascum and colon could be increased when fibrous diet were fed to the pigs
(Jorgensen et al, 1996).Previous studies (Varel ef al, 1982) have also indicated that,
fibre source and genetic differences influenced growing—finishing pigs in their
response to high fibre diets:, Tropical pigs have been observed to possess 4
disproportionately longer and larger caceum-colon as well as a relatively larger mass

of the liver.

2.8.0 Rolc of Some Local Agro-Industrial By-Products in Pig Nutrition

The major constraint on pig production in Ghana has besn the provision of
adequate nutrition. Attention has been focused on agro-industrial by-products
(AIBPs) as potential solution to the problem with feeding pigs. Agro-industrial by-
products such as cassava pccls, palm- kernel cake, copra cake, soybean meal, dried
cocoa pod husk, brewers spent grains, wheat bran and rice bran have been found (o
overcome the difficully of feeding expensive items to pigs as well as reducing the

competition between human and farm animals for cereals (Pond er al., 1993},

— e —
— —

—2.8.1 Cassava Peels
Cassava peel is a by-product of cassava tuber processing, The pecl represents
about 20 per cent of the-whole tuber and contains about 3.93%, CP, 11.16% CF and

1.29% EE (Ifut, 1992). In Ghana, the peel is readily and cheaply obtained in almost
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all the agro-ecological zones. Cassava peels, usually discarded when the tubers are
processed, can be collected and dried for use as an energy source. The peels contains
two cyanogenic glycosides; linamarin and lotaustralin, which on hydrolysis yields
hydrocyanic acid (HCN), glucose and a ketone or an aldehyde.. It is generally
considered that the HCN content of cassava is about 1.3 to 6.3 mg HCN/100g fresh
weight which limits its utilization (Ifut, 1992: Okai et al.. 1994). Levels as high as
30 and 37.5 % has been fed to grower-finisher pigs without any adverse efiect on
growth rate, and for weaner pigs the range is about 20-29% (Sonaiya and Omole.
1997) Cassava peels has beemfed at levels up to 35-65% to grower-finisher pigs
(Dodoo, 1981; Barnes and Oddoye, 1985). Cassava and its by-products have been
shown to be good sources of vitamins and minerals for monogastrics animals (Phuc
and Linberg, 2000; Phuc et af, 2000). The (hreshold of 40% for cassava pecl
inclusion may cause some decline in performance. In the light-of this, cassava peels
should not cxceed 40% due to the high cyanide content of some cassava varietics
(Iyayi and Tewe, 1992).Certain treatments have been applied to detoxify cassavi
peels before feeding, these treatments include sun drying and ensiling (Wyllie and

Lekule, 1980).

2.8.2 Palm Kernel Cake (PKC)

Palm kemel cake is produced in large quantities in a number of (ropical
ceun{g;;s"'siﬁd 1s avartable at competitive prices. It has been estimated that four
million metric tons of PKC was produced in the world in the year 2002 with an

et E5

average annual growth of 15% over the last two decades. Palm kemel cake has been

widely used in pigs diets (Agunbianade e al, 1999; Kim et af, 2001; FAQ, 2002).
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Palm kernel cake contains about 14-21% CP and 10-20%CF. The first limiting amine
acid in PKC is methionine with the content of lysine, histidine and threonine being
low. Live weight gain in pigs decreased linearly with increasing levels of PKC from
21 to 62 % (Jegede er al, 1994; McDonald er al, 1995). Okeudo et al. (2005)
however, found no significant effect of PKC inclusion on the performance of pigs
fed diets with graded levels of 20, 30, 40 and 50% PKC.

Twenty per cent PKC inclusion in the diet of pigs have been found to he
satisfactory (Yeong, 1983; Thorne er al, 1989). In Nigeria, PKC used for feeding
pigs was ranked lowest in terms of protein guality compared to other local protein
sources and it produced a loss in weight (Ocampo, 1994). In Columbia, good results
have been reported when almost 40% of PKC was used in the diet of grower-finisher
pigs (Devendra, 1992). Grower-finisher pigs have also been fed diets containing
PKC at inclusion-levels between 20 - 35 % respectively without any adverse cffects
on performance (Jegede et al, 1994; Rhule, 1996; Okai, 2006)

The use of PKC in the diets of pigs should be limited due to the following

reasons:

* Physically, PKC is gritty and.unpalatable (Ocampo, 1994).

e Nutritionally, 1t hay contain anti-nutritional substances such as mannan or
galactomannan and xylan or arabmoxylans which have been proven (o
decrease nutrient uptake in pigs (Balasubramaniam, 1976, Duesterhofl er al..
=

——-1-9‘}3)'. =

e It has been observed that the local PKC may undergo the Maillard reaction

due to the heat applied during oil extraction ( Babatunde er a/. 1975: Sundu

and Dingle, 2003),
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2.8.3 Copra Cake (CC)

Copra cale (CC) is a by-product from the manufacture of coconut oil and it is
used as protein source in non-ruminant diets (Woodroof, 1979). Copra cake is
produced in large quantities in 2 number of tropical countries. It has been estimated
that two million metric tons of CC were produced in the world in 2002 with annual
growth of 1.4% of CC over the last two decades. Copra cake has been widely used in
pigs diets (Kim ef al, 2001; FAQ, 2002).

Copra cake contains about 19.09% CP, 16.25% CF. 5.48% EE and 89 .70"%,
on dry mattcr basis (Okai ef @/, 1994). Copra cake has low levels of lysine and
histidine. It has been reported that feed intake of pigs decreased linearky with
increasing level of CC from 20 to 30% (Pamiraghi, 1992; McDonald et af, 1995),
Grower - finisher pigs have been fed diets containing CC at inclusion levels of 5 and
10% respectively without any adverse effect on performance (Lekule e al, 1986), On
the contrary, Lachance and Molina, (1974) stated that various graded levels (10, 20,
and 40 %) of CC improved feed conversion ratio during the finisher and grower
fimsher periods.

Data from Kim er al (2001) suggested that 10% CC in the diet of pigs had
been found to be satisfaetory. The incorporation of CC above 10% and possibly poor
lysine availability have been found to be the main contributing factors lor the
decreased rate and efficiency of gain of pigs (Luis, 2002), In view of this. the
maximum inclusion levelof CC in the grower-finisher diet of pigs should not exceed

20%. The use of CC in the diet of pigs should be limited due to it susceptibility 1o

e

rancidity (Mc Donald er al, 1988),
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2.8.4 Dried Cocoa Pod Husk (DCPH)

Cocoa pod husk is what remains after the beans have been removed from (e
cocoa fruit. The DCPH contains about 8.1% CP, 34.8% CF, 3.3% EE, 7.6% ash and
33.6% NFE (Okai et al, 1994). The DCPH can present a serious disposal problem. In
addition to this, it can become a serious source of disease innoculum when used as
mulch in cocoa plantations (Kimura, 1979),

Grower and finisher pigs have been fed diets containing DCPH at inclusion
levels of 30 to 50% without any adverse effect on performance (Arueya, 1991). In
another study, the DCPH was fed without toxic 8ffeets in quantities of Zkg per day (o
grower-finisher pigs (Adeyanju et al, 1975). The incorporation of 23% of DCPH in the
diet of pigs did not significantly affect performance (Barnes er al, 1984 and Okai ef ol
1984}. The content of theobromine as well as the low content of cystine and methionin
appears to be-the most important limiting factors to the use of this by-product.
Theobromine inactivates digestive enzyme by the formation of enzymes complexes in
the digestive tract (Owusu-Domfeh, 1972). Due to the presence of theobromine in cocox

cake, cocoa-cake-with-shell should not exceed 0.21% in the diets of pigs (Rhule, 2001)

2.8.5 Brewers’ Spent Grains (BSG)

Brewers spent grains (BSG) is a by product from beer praduction, The
mataria£ can be fed-+#mTHE wet or dried form. It is bulky, especially when wet, low in
energy but quiet high in crude protein (21 %) and crude fibre (20 %) on DM basis
(Chenost and Mayer, 1977). Wet brewers spent grains (WBSG) has been used in
feeding both ruminants_and non - rummants. The palatability of WBSG declines,

with increasing storage time. However, brewer’s dried grains usage is limited in
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monogastrics because of its high fiber (24 % ADF) content, so it is not normally used
in intensive feeding systems. Brewers spent grains is a potential source of protein,
especially where soybean and fishmeal are not available (Yaakugh and Teghe, 1990).

High BSG levels in diets depressed feed intake and growth rate. It has also
been shown that (he bulky nature of BSG diets may adversely affect the digestibility
as well as the availability of amino acids and other nutrients for pigs (Tebge 1985,
Yaakugh and Tebge, 1990), The inclusion of brewers spent grains at up to 15% in
the diets of pigs from weaning until slaughter at 92 kg had no significant effect on
performance. In sows, inclusion rates up to 20% of BSG did not depress average
daily gain or feed conversion efficiency: The BSG has been found to he satisfactory

source of prolein in most finishing pig rations (Amaefule et al 2006).

2.8.6 Soybean Meal (SBM)

Soybean meal (SBM) contains about 44.0% CP, 7.30% CF, 7.84% EE. 3.3%,
cellulose and 3.48% hemicellulose on DM basis (Pond e /.. 1993). Soybean meal
has very high protein and encrgy digestibility and is considered good source of
supplemental protein in diets for swine. It is ofien referred to as the “gold standard™
in that all other protein sources are generally compared to SBM. It has an excellent
profile of highly digestible amino acids being a rich source of lysine, tryptophan,
threonine, isoleucine and valine but low in methionine (Dunsford er af., 1989 L1 &
al, ].E?ili:;.-fi';tﬂkinde et ai=—1990),

Soybean meal can be used at levels of 10% in grower (30 to 65 kg) pig diets

—
without affecting pig performance while they can be used at levels of 20% in finisher

pig (65 kg) diets without affecting pig performance, A typical starter diet for nursery

pigs may contain SBM at levels ranging from15 to 25% (O’ Dok erty and Keady.
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2000; McKeon and O' Doherty, 2001). Soybean meal may contain anti-nutritional
factors, which have been implicated with decreased growth performance of newly
weaned pigs when fed directly (Li er al, 1991). The inhibitors such as lannins,
saponins and trypsin inhibitors are however, destroyed by heat, during the normal
processing steps in preparing SBM. Due to the anti-nutritional factors and crude fibre
content of soyabean meal, SBM should not exceed 40% in the diet of pigs (O°

Doherty and Keady, 2000).

2.8.7 Rice bran (RB)

Rice bran, a by-product in the processing of paddy rice. contains about
14.00% CP, 2-3% EE and 12.90% CF (Sikka 1990). Rice bran actually is a mixture
of the pericarp, seed coat and some of the aleurone layer. Rice bran is a good source
of B-vitamins and.is fairly palatable to pigs (Sikka and Chawla, 1984). Stevaert er u/
(1989) suggested thal rice bran could be used up to 300 gkg for broilers. Tiemoka
(1992) reported that 300 g/kg rice bran in broiler diets, replacing maize, si gnificantly
(P<0.01) improved liveweight gain while feed conversion efficiency was unaffected
The use of rice bran has also been shown (o reduce feed cost per kg weight gain
Rice bran has been found to contain a high level of dietary fibres (beta-glucan, pectin
and gum), in addition, it also contains 4-hydroxy-3-methoxycinnamic acid (ferulic
acid) which affects growth rate and digestibility in growing pigs and sows. Rice bran
can hn.u;:dfn's' a replacesentfor WB and as a partial replacement for maize or the
cereal component of the diet (Okai, 1998). The substitution of 20 or 30" RB for

.
maize in a maize-soybean meal diet reduced weight gain and significantly reduced

feed efficiency and carcass firmness (Tuah and Boateng, 1982).



Rice bran can be used at levels up to 40% in grower-finisher dicts withou
reducing performance. Good results have been reported when 30-40% RB waus
included in the diets of grower-finisher pigs (Campadadal er al, 1976). It has also
been observed that levels as high as 50% could be satisfactory for pigs (Tuah and
Boateng, 1982). However, Tuah er al (1974) had earlier indicated that RB levels

between 40 and 60%, when fed to finishing pigs reduced growth rate.

2.8.8 Wheat Bran (WB)

Wheat bran (WB) is a'commonly used by-product. It serves as an enery
source in the diets of non-ruminants. Wheat bran contains about 16% CP and 1322
Keal ME/kg (NRC, 1998). Wheat bran is produced in large quantities as a by-product
of the flour milling industry in Ghana. Wheat bran is not very digestible, however. its
water holding capacity and the conscquent slight laxative effect makes it particularly
well adapted for use in pig rations. Its amino acid balance is superior to that of whole
wheat but inferior to that of most protein supplements. Wheat bran is quiet high in
phosphorus, but low in calcium, so that a nutritional imbalance of calcium and
phosphorus occurs, if WB is a major component of the diet (Pond and Maner. 1974
Okai er al, 1995). [t has been shown that WB is palatable and a good source of iron,
manganese and Vitamin B complex (Ranjhan, 2001 ).

Wheat bran is regarded as a good feed ingredient and it is quite common 10
have _diﬁ‘i:;-aﬁtaininw%. Finishing pigs can be fed diets containing as
much as 40% WB and even though there could be a significant decline in growth

o
rate, carcass traits would be better and such diets are found to be cheaper and lead 10
reduction in feed cost per kg gain (Okai er al., 2000). Wheat bran can be safely used

for all classes of pigs and levels up to 30% can be included satisfactorily in diets for
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finishing pigs. Studies with finishing pigs indicated that growth performance and
some carcass characteristics could be depressed significantly when WB level
exceeded 40 per cent of the diet (McDonald er al, 1995).

Okai ef al (2000) fed wheat bran (WB) at WB20 (control), WBio + Optizyme
and WB40 + Optizyme inclusion level to grower-finisher pigs without any adverse
effect on performance. The inclusion rate for the Optizyme was 50g/100 kg diet. The
ADG were 0.60, 0.68, 0.63 kg/day respectively. The feed/gain recorded when
growing-finisher pigs were fed WB20 (control), WBiw + Optizyme and WBa -
Optizyme were 3.19, 3.07, ‘and |32 respectively, There were no significani

differences (P > 0.05) between the observed means.

2.9.0 Effect of Anti-Nutritional Factors (ANF) on Pig Performance

Certain inherent chemical constituents in different kinds of feedstuffs
interfere with the optimum utilization of nutrients (Chubb, 1987). Anti-nutritional
factors may therefore be defined as the chemical constituent of feedstufT, which
interferes with the normal digestion, absorption and metabolism of feed. Some
common ANF include: tannins, trypsin inhibitors, phytic agid, theobromine and
gossypol (Nityanand, 1997).The presence of ANF in the diets of pigs can have very
profound influence on their growth performance. Studies have shown that the
presence of these compounds depressed the digestion and utilization of proteins and
advergli;#mled the utilization-of mineral elements and could also lead to increases

in the requirement for some vitamins (Okai er al, 1995).
LN gxLs
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2.9.1 Tannins and Theobromine

Tannins are complex polymeric phenols found in the seeds of many broad-
leaved plants and can be lethal (Nityanand, 1997). Levels exceeding 6% on a dry
matter basis will kill pigs. The ingestion of tannins has been implicated in the
decreased digestiblility of protein by monogastrics (Butler et al, 1985), Nityanand
(1997) indicated that hydrolysable tannins such as tannic acid can also be absorbed
through intact or injured gastro-intestinal tract and ultimately cause kidney and liver
necrosis. Tannins combine with proteins including enzymes in the digestive tract and
interfere with the digestive action of trypsin and ¢-amylase by binding the protein
into a non-digestive form (Gohl, 1982). It negatively affects the digestibility of
protemns (Jansman ef al, 1995) and carbohydrates, thus reducing the growth rate of
pigs, the efficiency of feed utilization and the availability of metabolisable ENErgV In
the diet (Rostango, 1972, Bressani, [993),

The presence of theobromine in cocoa husk has been found to be responsible
for the declining growth rate of grower-finisher pigs when cocoa pod husk is fed at
high inclusion levels (Bressani, 1993). The negativc cffect of cocoa pod husk on pig
growth has also been attributed to the high fibre content when high inclusion levels
are used in diets (Teguian and Begaen, 2004). lnereasing the proportion of cocoa pod

husk in the diets of pigs affects performance due to the presence of theobromine,

2.10 Determination of Milk-¥ield in Sows

Sow milk yield is one of the important factors limiting neonate piglet srowth

_—----_-
(Boyd and Kensinger, 1998). Tt has been shown that sow milk yield is affected by the
level of suckling intensity, which encompasses several sow litter interaction

including suckling frequency, litter size, age and size of piglets ( King, 2000).
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Different methods have been used to measure the milk yield of sows
(Salmon-Legagneur, 1956). Milk yield in the sow has been assessed with the wei gh-
suckle-weigh (WSW) method (Speer and Cox, 1984; Noblet and Etienne. 1989) or
machine-milking the sow after the administration of oxytocin (Hartmann er a/.. 1984)
or by weekly weight gains of piglets (Boyd and Kensinger, 1998) or with the
isotopes dilution technique (Pettigrew ef al., 1987). All the methods however, require
a considerable amount of experienced labor, and this renders them unsatisficlory for
routine measurement; as a result it is not practical (o use milk yield determinations as
a selection criterion for improvang the sow herd fMahan e al., 1971). The method
mostly used by rescarchers for the determination of milk yield is the WSW methad.
It is a laborious method though and invelves the weighing of piglets immediately
before and soon after suckling with the difference in weight being taken as the
amount of milk ingested by the piglets, Litters are usually separated from their sows
between weighing and arc enly retumed at predetermined interval for suckling. The
procedure 1s repeated several times throughout the day and the weights obtained are
used to estimate the daily milk yield (Speer and Cox, 1984). It has been abserved
that, the separation of piglets from their sows disrupts the normal suckling patterns of
the piglets and may either adversely affect the milk yield of the sow or lcads 1o
unsuccessful milk let down (Pettigrew et al., 1987),

There is a problem of under estimation of milk yield due to piglet lactors
such asjgi:;?r"size, teat order;litter health and metabolic processes (Noblet and
Etienng,1989; Pettigrew et al.,, 1987).Milk yield alters according to the stage of

o e

lactation reaching a peak in most sows between the third and fourth week of lactation

eg 5.1,6.5,7.1, 7.2, 7.0, 6.6, 5.7, and 49 kg/24h at 1, 2, 3, 4, 5, 6, 7 and 8 weeks ol
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lactation respectively (Atwood and Hartmann, 1995; Hurley, 2001). Milk wield is

higher in second and third parity sows than in first parity sows (Noble er /., 2002),

2.11 Summary of the Literature Reviewed

The literature reviewed suggests that nutrient requirement for pigs used n
Ghana are based on values determined mostly in the temperate regions usually
Europe and U. S. Environmental factors pertaining in Ghana could greatly modify
the requirements. With the escalating cost of feeding pigs, in addition to the scareity
of feedstuffs during some period in the year it isimportant that feeds available are
used efficiently. Excess supply of nutrients to the pigs, especially crude protein and
minerals, beyond the requirements of the category, are excreted and could constitule
a major pollution of the soil and subsequently water sources.

It may be inferred from the literature that the optimum CP levels for
pregnant, lactating and starting pigs have been put at 14, 16 and 22% (Mahan er «/,
1977, Jones and Stahly, 1995; Day and Plascencia-Genzalez., 2000), The literaturce
review also suggests that agro—industrial by-products from the agro—processing
industry appear promising as protein and energy source for pigs. These arc quile
cheap, readily available and preferably unsuitable for human consumption.

Quite a number of experiments have been conducted with these products
(Okai et al, 2006; Rhule 1996, 1998) where they were used as a source of dietary
protein. _a.l-_-ll-:.!f--errergy f'uir_,pigs.—h-fht light of these, the project will focus on feeding
breeding sows in Ghana, with either conventional feeds or AIBP 1o determine the CP

L pEsA
level for pregnant and lactating sows in Ghana. The objectives of this study were 1o
1. Establish the requirement for crude protein by gestating and lactating

sows in Ghana, when fed either cereal or AIBP-based diets,
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iil.

1v.

Determine the effects of the identified crude protein level on the
reproductive performance of sows.
Determine ideal crude protein level for creep diets for piglets in Ghana,

Determine the effect of AIBP-based creep diets on growth and survival of

piglets.



CHAPTER THREE

3.0 MATERIALS AND METHOD
3.1 Location of Study
The study was conducted at the Animal Research Institute, Frafraha, Accra

The location is in the Coastal Savannah Zone of Ghana and situated in the Adenta
Municipal Assembly area of the Greater Accra Region. The monthly temperature of
the Zone varies between 26 and 29 °C. The highest mean monthly temperature of 29
°C occurs during March and April while the lowesl of 26 °C is in August, The Zone
has a bimodal rainfall pattern with the major rainy season occurring between April
and July and the minor between Scpteémber and October. A short dry season
scparates the two periods in August. The major dry scason (Harmattan) lasts from

November to February. The average relative humidity 1s usually about 65%.

3.2.0 Experiment One
3.2.1 Animals and Experimental Design

Eighteen Large White gilts with an average live weight of 100 kg were used.
The gilts were distributed equally into six groups by the completely randomized
block design. The groups were then randomly assigned to one of the three dietary
ireatments (ie T1, Tz and T3) with two replicates to a treatment. The mean initial
welghts of the gilts in the three treatments were 99 kg (T1), 102 kg (T2) and 99 kg
(T3). Gilts-were ear tagged for easy identification. The gilts in each group were

— _'_._,_.--'-_-_-_._
housed in concrete-floored, well-ventilated pens measuring 2m°, Each pen had a

— wallow and water and feeding troughs.
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3.2.2 Dietary Treatments

Three cereal-based diets containing different crude protein levels were
formulated for breeders, lactating sows and for creep feeding. The [eeds were
compounded using facilities available at the feed mill of the Animal Research
Institute at the Achimota Station. The breeder diets were formulated to contain 14.16
Y CP (T1), 13.36%CP (T2) and 12.02% CP (T3). The lactation dicts were
formulated to contain 16.54% (T1), 15.15% (T2) and 13.40% (T3) CP and the creep
diets were also formulated to contain 22.60% CP (T1).21.74% CP (T2) and 20.01%

CP (T3). The percentage compositions of the diets fed are shown in Table 5,

3.2.3 Feeding, Breeding and Management

Gilts were initially group-fed the breeder diets; the feed allowance was 2 kg
gilt / day. After parturition, each sow was fed 4 kg / day of the corresponding
lactation diet. Piglets were injected intramuscularly with 2ml Fe-dextran before 3
days of age. All litters received corresponding creep feed from 2 weeks of age until
weaning at 6weeks of age. Gilts that came on heat were sent to the boar for mating
and were checked from day 19 postmating for possible return to oestrus; gilts which
did not return to oestrus were assumed to be pregiant: The gilts were mated between
February and June and farrowing occurred between June and September, 2007,

Routine health and management practices such as the control of endoparasite
and ectoparasitc werc initially carried out at the beginning of the study using

—— _._.___..---"_-_'_
*Levamisole powder and *lvomec, ®.

e

*Levamisoles; treatment of anthelmintic infections caused by adult and larve stages of gastro-msiestinal
nematodes and longwerms by Anglian Numition Products Company. Crockant Road, UK.

tlvomec, ®; Control of both endoparasite and ectoparasite (longworms, and {tee) Tnet Tt Madras.
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Table 5. Percentage composition of the cereal-based diets used in Experiment |
TYPE OF DIET L=
. Breeder Lactation Creep
ngredients T1 ¢ - Tl T2 T3 Tl T2 |13
viaize 49.46 | 5044 | 59.10 |48.60 |48.10 [48.51 [ 4696 | 4790 | 49060
Wheat bran 45.27 | 4586 | 3720 |38.30 [41.80 | 4556 |20.13 [ 2295 | 2450
“ishmeal 1L.00 | 100 1.00 380 | 220 |1.03 11.74 | 1015 | &350
Soybean meal 257 | 100 |[1.00 [7.60 [530 [250 [19.46 | 1697 | 1480
| Jyster shell 100 [1.00 [1.00 [1.00 [200 [191 |10l | 133 | 140
' “ommon salt 0.50 (050 [0S0 [060 |[0.50 [D44 [050 |0.50 0.60 |
'~ Vitamin and TMP- 020 (020 |020 (010 J010_J005 [020 [020 | 030 |
Total 100 1007 100 100] [100 |100 | 100 | 100 o0
Caleulated Composition (%) i |
Crude protein 13.16 | 12.56 | 1200 [16.08 | 1454 | 13.20 | 2201 | 2136 | 20,00
Crude fibre 1585 [58 [.524 [531.]556 |585 |389 |40l |44
Ether extract 392 [3.97 | 393 306 |388 |390 416 |4.11 |4.28
Lysine 040 |0.37 ] 035 062 o051 [040 [135 [1.35 [1.39
Methionine 020 | 0.19| 0.190 [0.26 | 023 |020 1[043 [030 |06
Caleium ~ 050 (050 | 049 [0.60 |0.90 |0.83 | 088 |094 | 090
Phosphorus 023 1023 | 020 027 |0.24 1022 |037 [0.35 0.32
Analysed Composition R i B
%( DM)
Dry matter 86,14 | 87.20 | 87.61 | 88.24 | B6.95 | 88,10 | 88.33 [ 89.14 | 8842 |
Moisture 13:86 | 12.80. | 1239 | 11.76.| 13.05.[ 1T90 | 11.67 | 1086 | 1158 |
Ash 747 24T 6.81 | 6024514514 |[602 [645 [945
Crude protein 14.16 | 13.36 | 12.02. | 1654 | 15.15 | 1340 | 22.60 | 21.74 | 20,01

«Vitamin and TMP (Trace Mineral Premix): Inclusion rate 1s 25 ke/tonne to supply the following per tonne of fecd.

Vit.A, 12,000,000 1U; Vit.E, 15000 mg; Vit.BI, 1500 mg; Niaein 30,000 mg; Vit B6, 1500 mg Vie D3 500,000

myg; Vit K3, fﬂmmg Pantathenic acid, | 2000 mg; VicBI12, 10,000 mg; Vi BZO000 me. Folic acid 8040 nig
P = ,_.--"""F-___._

Iron, 60,000 mg; Copper 75,00 mg; lodine, 750 mg; Manganese, 130,000 mg; zinc, 70,000 mg. Selenpum, g

___caleium,17.50%, Lysine, 1,330 mg; Methionine, 1,075 mg; B-Corotenic acid, 150 mg
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3.2.4 Weigh-Suckle-Weigh Method of Milk Yield Determination

The milk yicld of each sow was measured on day 14, 28 and 42 of lactation by the
weigh- suckle- weigh (WSW) method ie piglets were weighed before and after
suckling as described by Speer and Cox (1984). This method has been recogmized as
the most precise method of measuring the quantity of milk produced by a sow
(Salmon-Legagneur, 1956). Piglets were separaled from their dam at 6Gam each
morning, weighed to obtain a pre-suckling weight and then placed in a clean emply
pen for two hours. They were returned to the sow and allowed to suckle until the end
of vigorous synchronized suckling. After suckling, piglets were collected and
weighed, to obtain a post-suckling weight. This procedurc was repeated every two
hours until a minimum of five consistent measurements of milk yield was obtained,
The milk yield was estimated to be the difference between pre-suckling and post-

suckling litter weights

3.3.0 Experiment Two
3.3.1 Animals and Experimental Design

Seventeen Large White primiparous sows from the first experimenl were
used. The sows were redistributed using the randomized block design for the three
treatments namely TA, TB, and TC The mean mitial hveweight for the three dietary
treatments were 126.00 kg (TA) 122.00kg (TB) and 114.00 kg (TC). These weights
were the weights of the sows at t_he time the piglets were weaned. Afler weaning, the

—— _'_'_'_,_.--'—'___-_
sows were mated at the first oestrus (August and December, 2007) and furrowing

~ occurred between December 2007 and April 2008. Sows were checked for possible

return to oestrus on the 19", 20" and 21* day post mating. Sows which did nol return
to oestrus were deemed o be pregnant. A sow was considered as a replicatc. thus
LTBRARY
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there were five replicates for treatment TA and six replicates per treatment for TB
and TC. Each sow was housed individually in a well ventilated concrete-floored pen,

measuring 2 meters square and each pen was equipped with water and feed troughs

3.3.2 Dietary Treatments

There were three dietary treatments as stated carlier. Treatments TA. the
Control was the cereal-based diet which was identified in Experiment 1 (T1) to be
ideal for the gilts and sows during pregnancy and lactation while dietary treatments
TB and TC were AIBP-based and no maize diels (Table 6). The three dictan
treatments had similar CP contents for each phase ie breeder, lactation and creep and
were formulated to contain 14, 16 and 22% CP respectively. The diets fed are shown

in Table 6.

3.4.0 Chemical Analysis
Ground samples of both the cereal and AIBP-based dicts were analysed for
CP, CF, EE, Ash and DM using the standard methods of AOAC (1990} at the

National Animal Feed Control Laboratory, ARI based at Achimota,

3.5.0 Data Collection and Statistical Analysis
Parameters considered were liveweight gains of the gilts during pregnancy.
liveweight changes of the sows during lactation, litter size, number bomn alive.

—_— __._'__..-—-_-_-_._ ! I
average birth weight of piglets, average daily liveweight gain of piglets, weaning

~— Tliveweight of piglets, number of piglets weaned and milk yield of the sow. The

liveweight of cach sow was taken before the first mating then at farrowing to

determine the sow weight gain. Birth weight of piglets and the sow liveweight
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immediately afier parturition were recorded within 24 hours post partum. Litter size.
number born alive, stillbirths and sexes of piglets were also recorded. Live weights
of the piglets were also recorded at the 2™, 4" and 6" week post partum. The number
of piglets weaned per sow and piglet weaning weight were recorded. The sows were
weighed at weaning to determine changes in the liveweight during lactation,

All data collected were analysed statistically using the Analysis of Variance
(ANOVA) technique and the Tukey HSD multiple comparison method was used to
determine the extent of the differences between means (Steel ef al. 1997). The

details of the statistical analysis are presented in the Appendices.
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Table 6. Percentage composition of the control and AIBP-based diets used in

Experiment 2

TYPE OF DIETS “n

Breeder Lactation ".',_r_e_ép
Tngredients TA |18 |IC [7TA TB |[1C | TA |18 [10
Maize 48.40 48 60 46.96 '
Wheat bran 45.40 38.30 20,12
Maize bran 26.50 19,70 LI | 7.90
Rice bran 29.00 22.10 | 820 17.70° [ 19.80
Cocoa cake 10.60
Cassava peel 29.00 | 274 220 18,00 19.10 [ 1820
Brewers spent prains 18.1 '
Cocoa expeller cake 1005 | 4.0 330 6.20 | 120
Copra cake 18.80 15.70 3 |5 N
Palm kernel cake 20.00 ' - [30.10 [820 [17.70 [ 700
Soyabean meal 2.60 :5.90 1.50 | 7.60 8.20 1540 | 1940 | 1640 | 1580
Fishmeal 1.00 | 300 |LGO |380 [450 |98 | 1174 | 10.20 | 10.00
Oyster shell 190 |[4180 [200 | 1.00 1.80 100 [1or [1.00 [o8D
Common salt 050 050 |[030 [060 [050 [0350 [050 [040 040
Vitamin and TMP+ 020 [020-[020 {010 [020 020 [020 020 G20
Total 100|100 | 100 | 100 100 00 [ 100 100 1o
Calculated Composition i
(%) ;
Ether extract 380 | 540 | 540 |3.90 650 |570 (4106 | 590 | 830
Crude fibre 570 [ 1290 | 1073530 | 1360 ['B60 |410 | 980 | 830 |
Crude protein 12.60. | 13.80 | 13.1 | 1600 | 1690 | 16.30 | 22.50 ll 22.40 iLz‘j.r'.fi
Analysed Composition | -
% (DM)
Dty matter §7.80 | B0.66 | 89.44 | 9086 | D099 0005 | BO.68 | BR66 | X8 2D
Moisture 1220 [ 1034 | 1059 [9.14 | 901 [995 | 1332 | 1134 | 1150
Ash i 533 | 720 | 766 | 896 |234 |D78 |595 [93% | &3
Crude ﬁbrijj [S80 11855 | 1055 (572 | 11.63 1091 ;4.35 EBE
Crude protein 1340 | 13.25 | 13.56 | 1648 | 1645 | 1639 | 2263 | 2247 03
| Ether extract 4901 628 | 744 | 735 |661 |702 [402 [621 |93

~Mitarmin and TMP {Truce Minecral Premix): Inclusion raie i5 25 kgfonne to supply the llowing per tonne of feed

Vit A, 12.000,000 TU: VitE, 15000 mg; ViLBI, 1500 mg; Niscin 30,000 mg; ViLB6, 1500 mg. Vit 3, 4300,000 mg; Vi K1

3,000 me; Pantothenic acid, | 2000 mg; VILB12, 15,000 mg, Vit B2,6000 mg; Folic acid, BO0 mg., fron, GO0 mg, Lo

my; lodine, 750 mg; Manganese, [ 30,000 mg; zing, 70,000 mg, Selenium, 300mg. cobeum,d 7 S04 Lysine. L 33 mg. Muthonme

1,075 mg; B-Coratenic acid, 350 mg.
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
4.1.0 Experiment One
4.1.1 Health of Animals
The eighteen gilts remained healthy throughout the trial and no abnormality
that could be attributed to the diets fed was observed. There were no outhreaks ol
diseases during the experimental period. However, one gilt from treatment 2 was

taken off the study after several unsuccessful aticmpis-tg-make 1t pregnant.

4.1.2 Chemical Composition of the Cereal-Based Diets

The chemical compositions of the three cereal-based diets fed are shown in Table 5.
With regard to the CP content of the analysed diets, the values were 14.16% (T1).
13.36% (T2) and 12.02% (T3) for the breeder, 16.54% (T1), 15.15% (T2) and (13.40%)
for the lactation and 22.60% (T1), 21.74% (T2) and 20.01% (T3) for the creep diets
For the calculated compositions the values were 13.16% (T1), 12.56% (T2) and 12.01",
CP (T3) for the breeder, 16.08% (T1), 14.54% (T2pand 13.20% CP (T3) for the
lactation and 23.01%(T1), 21.46% (T2) and 20.00% CP (T3) lor the creep dicts. It was
observed that the analysed composition of the diets did not differ considerably from the
calculated values. The CF levels in (he lactation diets also increased as the CP level
decreased. The CF level in the creep diets were rather low compared to the lactation

diets :ﬂﬂsﬂgﬁﬁg.lhcir GGT‘LﬂsigiguTable 5). The analysed CF showed a trend of high

values in both T1 (5.85) and T2 (5.89) than in T3 (5.24) for the breeder diets.

i
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4.1.3 Reproductive Performance of Sows fed the Varying Levels of CP,

Seventeen (17) out of the total of eighteen (18) gilts used for the study
farrowed successfully. In all, eight (8) incidence of stillbirths were recorded. two on
T1, one from T2 and five on T3. Table 7 shows the effects for the dictary treatment
on sow reproductive performance measured as mean number of piglet born alive,
mean birth weight, sow weight gain and mean sow weight loss. The mean birth
weight of piglets from sows fed diets T1, T2 and T3 were similar (P > 0.05). The
values for T1, T2 and T3 were 1.45, 1.35 and 1.42 kg respectively. Mean birth
weight of piglets (rom T1 were slightly higher than those on T2 and T3. this
observation is similar to reports on preliminary studies by Grandhi, { 1994), lones and
Stahly (1995) who indicated that the optimum crude protein level in the diels of
pregnant sows was 13.0 % CP. Coma et al (1996) also reported that varying levels of
CP (10.0, 11.5 and 13.0 %) fed to sows had significantly no effect on piglets birth
weight.

The mean number bom alive for diets T1, T2 and T3 were 9.17, 8.40 and 7.60
respectively. The mean number born alive was relatively highest on T1 (9.17) and
decreased as the CP in the diet decreased T3 (7.60) although this was not found to be
significant statistically (P= 0.05).

The mean sow weight gains during pregnancy were 30.33, 28,80 and 34.00kg
for dictary treatments T1, T2 and T3 respectively. Gilts fed the T3 diet recorded the

highest weight gain as compared to treatments T1 and T2. However, there were no

S __.--"'_'--_-_-_
significant differences between the treatments means, thus, confirming the

— observation of Coma et af (1996) that sow weight gains during pregnancy were nol

affected in the first reproduction cycle when sows were fed 10.0, 11.5,13.0 and 14.5

% CP diets. i3
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Table 7. Reproductive Performance of Sows and Pre-Weaning Weight of Piglets
and the Economics of Production on Cereal Based-Diets with Varving CP

Levels (Experiment 1),

DIETARY TREATMENTS
Parameter Ti T2 T3 SIG 1 SED
Crude protein levels —p
(%)
Breeder diet | 14.16 13.36 12.02 = =
Lactation diet | 16.54 15.15 13.04 = P
Creep diet | 21.60 21.74 20.01 . T
Number of sows 6 5 f =
Total number of piglets | 51 40 38 i n
borm
Total stillbirth 2 1 5 =5 | =
Mean number bom | 9.17 540 7.60 NS | 0.95
alive _
Mean birth wt (kg) 1.45 1.35 1.42 NS | 0.06
Number weaned 6.83 8.80 7.00 NS | 0.51
| .
Mean Sow wt gain | 3033 28.80 34.00 NS [ 471
during pregnancy (kg) | ot
Mean sow wt loss | 12.30 19.00 21.60 NS 2497
during lactation (kg) {
Mean 14-day piglets | 4.51 4.01 4.57 NS .19
live wi (kg) :
Mecan 28-day piglets | 7.23 7.02 6.73 NS 028
live wt (kg) > N -
Mean weaning wt (kg) | 9.31 9.29 9.01 NS | D51
Mean ADG of piglets | 0.19 0.17 0.20 NS Dol
(kg/day) DU ey |
Feed cost( GH¢/kg)
- |
~Breeder diet | G40 0.40 0.44 =
| Lactation diet | 0.42 0.40 0.40
Creep diet | 0.48 0.47 0.47 s i

SIG: level of significance.

NS: not significant. (P>0.05). SED Standard error of differences of means
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The average weight losses for sows at weaning (Table 7) were 12,33, 19.00 and
21.60 kg for T1, T2 and T3 respectively. The average weight loss in the sows
increased with decreasing CP level of the lactation dicts, being lowest in T1: again,
there were no significant (P > 0.05) differences between the observed means.
Weldon et al (1994) reported that liveweight losses of up to 30 kg during lactation
have been observed for sows given low CP diets but with high levels of feed during

pregnancy followed by restricted intake throughout an eight week lactation periad.

4.1.4 Piglet Growth Performance

The effects of the varying levels of CP in the three lactation diets on 14'™ 28"
and 42" day piglet weights is shown in Table 7. The 14" day weights of the piglets
were 4.51, 401 and 4.57 kg for sow fed the T!, T2 and T3 lactation diets. No
significant (P > 0.05) differences were observed berween the treatments. The averape
14 day weights obtained in the studies were similar to values lrom other temperate
areas reported by Evert ef @f (1994). Sows fed the T3 diet had their piglets recording
a slight higher weight than piglets suckling from sows fed the T1 diet; the slight
differences in weight could he due to the number of piglet suckling (Nielsen ef a/
2002) however, differences werc not significant (P.=0.05).

The effects of the CP levels of the crecp dicts on mean 28" day weights,
ADG, number weaned and weaning weight of piglets involved in this experiment are
also shown in Table 7. The mean 28" day values were similar (P=0.05) 1e 7.23, 7.02

—— - _;-"'-'-.-.--_._-__ | .
and 6.73 kg for dietary treatment T1, T2 and 13 respectively. There was however.

—aTrend of decreasing liveweight at the 28" day with decreasing level of CP in the

creep diel.

The mean weaning weights of piglels were 9.31, 9.29 and 9.01 kg lor

treatments T1. T2 and T3 and these values were similar even though numerncal
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differences were observed. The high birth weight of piglets on treatment T1 (Table

7) were translated into higher weaning weight (Table 8), although the differences
were not found to be significantly different (P > 0.05).

The ADG of piglets fed creep diets T1, T2 and T3 were 0.19. 0.17 and 0.20
kg/day respectively. The ADG was slightly higher on treatment T3 compared with
the other treatments (Table 7), even though the differences were again not found to
be significantly different (P > 0.05). Though the growth rate in treatment T2 was
lower, it compared favorably with the growth rate of 0.17 kg/day reported by Okai ef
al (1977).

The unit costs of the breeder diets are shown in Table 7. The cost of T3 was
higher than diets T1 and T2 respectively. The increased feed cost of diet T3 was due
to the higher inclusion rate of maize as reported earlier by Cameron, (1970) and Okai
et al (2001). The umit-cost of T1 for lactation and creep was in each case slightly
higher than the correspoanding T2 and T3 due to the reduced inclusion ratc of fish
meal. Breeder diet T1 would elicit a more profitable production for the number bom
alive with lactation diet T2 being more economical for the number weaned.
Considering the influgnce of the weaning weight or the survival of the weaned pigs,
the cumulative effects of lactation diet T2 and ereep dict T2 would lead to greater

economy of production and profit,

4.1.5 Milk Yield of Lactating Sows Fed Cereal-Based Diets with Varying CP
— == _,--"'"--.-_._.__
Levels.

T Increasine the CP intake of primiparous sows during lactation failed 10
=

significantly (P > 0.05) affect milk yield as shown in Table 8. The 14" day milk vicld
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varied between 3.04 to 7.00 kg / day being highest in sows fed diet T1 (high CP level).
However, the differences between the means were not si gnificant (P = 0.05).

The 28" day milk yield of sow on treatment T1, T2 and T3 were 3.20. 6,79 and
5.44 kg/day respectively. Again these values were not significantly different (P=0.03).
The milk yields in T2 are comparable to the 7,40 kg/d for sows fed 4.5 kg of cereul
based diets containing 14% CP reported by Einarasson and Rojkittikhun, (1993), bul
considerably lower than the 11.2 kg/d at the 28" day obtained by Evert er al (1994).
The 28" day milk yield of 3.20 kg/d for treatment T1 was a drastic reduction from thal
obtained on the 14" day (P>0.05)." The results may suggest that the feed allowance of
4 kg/sow/day may have been inadequate for maximum milk production (Evert er a/.,
1994), The milk yields recorded on the 42™ day were 4.96, 8.29 and 3.59 kg/d for
dietary treatments T1, T2 and T3 respectively. The amount of milk ebtained from

treatment T2 (8.26 kg/d) compared favorably with the 6.6 kg/d obtained from a WSW

experiment reported by Atwood and Hartmann (1995).

Table 8. Milk yield of lactating sows fed cereal-based dicts with varying CP
Levels (Experiment 1)

Dietary Treatments

Parameter Tl T2 T3 [SIG SED |
Crude Protein levels 16.54 15.15 13,04 | - - |
(%)

Mean l4-day milk | 703 | 3.04 3.76 NS 077

yield (kg/day) | 1 ._

Mean 28-day milk 3.20 6.79 5.44 NS (.91

yield (kg/day) )

Mean 42-day milk 4.96 8.29 3.59 NS .04

yield (kg/day)

SED: standard error of differences of means
S1G: level of significance.
NS not significant (P = 0.05).
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5.1.0 Experiment Two

5.1.1 Reproductive Performance of Sows Fed AIBP-Based Diets (Experiment 2)
The chemical composition of the three AIBP-based diets fed has been shown in Table 6
The analysed CP content for breeder, lactation and creep dicts were similar for all the
treatments. The CF content of the diets was markedly increased in all the AIBP based-
diets as compared to the control (TA) for the breeder, lactation and creep diets
respectively.

The reproductive performance of the 17 sows involved in this experiment is
shown in Table 9. The values for the mean birth weight were 1.43, 1.54 and 1,54 kg [or
dietary treatment TA, TB and TC respectively. The sows fed the AIBP-based diets
during pregnancy recorded higher birth weight than those fed the control diet (TA)
The mean birth weight values for dietary treatment TB and TC were similar (P = 0.05)
The inclusion of cassava peels in diets TB and TC up io the levels of 29.0 and 27 4%,
respectively did not have any significant (P=0.05) adverse effect on the birth weight of
piglets. Levels as high as 30 and 37.50% of cassava peels have been fed without any
adverse on grower-finisher pigs (Sonaiya and Omole, 1997 Rhule, 1998). The mean
numbers of piglets born alive were 9,40, 8.80.and 10.00 kg for treatments TA, TB and
TC respectively. The mean number of pﬂgtels born-alive were higher in TC comparcd
to the control, TA and TB, again the results obtained did not follow any consisten

pattern and there were no significant differences between the treatment means

(P>0.05). The lowest mean number of piglets born (8.80 kg) was in sows fed the divi

it H._._._._-.-—'__-_ .
TB which contained 30.10% PKC. Treatment TB also contained cocoa expeller cake

—which is known to contain about 2.1% theobromine (Rhule, Unpubl.). Theobromine

could be toxic to pigs when fed above a level of 0.2% in the diet (Rhule, 2001). this

could also account for the low number of piglets born alive on



Table 9. Reproductive and Economics Performance of Sows and their Litters
Fed AIBP-Based Diets, (Experiment 2)

Dietary Treatments
PHI‘HIWETtEI‘ TA 'm TC g <16 :::.E_ ij-
Crude protein |
levels (%)
Breeder diet | 13.00 13.00 13,00 = 1
Lactation diet |  16.00 16.00 16.00 - ="y
I Creep diet | 22.00 22.00 22.00 = 3
Total number of 42.00 46.00 50,00 - :
piglets
Number of sows 5.00 6.00 .00
Total stillbirth [ 2.0 6.00 1,00 N
Mean number born 9,40 &.80 ELE, T NS | 065
alive
Mean birth wt (kg) 1.43 1.54 1,54 NS 0.06
Mean Sow wt gain 20.40 35.40 A NS BT
during pregnancy
(kg) P—
Mean sow wi loss 21.50 20,00 2833 NS 363
during lactation (kg _ o}
Mean 14-day piglets 13 430 4.59 NS 016
live wi(kg) = A
Mean 28-day piglets 6.89 .33 7.0k N Ml
live wi(ke) 114
Mean weaning wt 10,31 9.00 8.96 NS (.52 :
(ke) , , Zloes)
Mean ADG (kp/day) 0.21 R 0.18 NS 012 i
MNumber weaned 7.60 740 9.00 NS 0.467
Feed cost (GHE/kg) : |
|
Breeder diet 0.40 17 0.17 - -
Lactation diet 0.42 0.17 0.25 * =
- -
Creep dict 048 0.23 0.24

SIG: level of significance. =

NS: not significant. {P?ﬂ.ﬂﬂ/——-—_

SED: standard error of differences of means
——

dietary treatment TB, which contained 10.5% (TB) compared to 4.0% cocoa expeller

cake in treatment TC. <

45



— average growth rate (0.21 kg/day), even though the growth rates were similar (

The mean sow weight gains during pregnancy were 20.4. 35.4 and 31 4 kg for

sows on treatments TA, TB and TC respectively. The sows on TB and TC had

relatively higher liveweight gain during pregnancy than those on diet TA (Control)
It has been shown by this study that sows on the AIBP-based dicts had higher
liveweight gains than those on the control diet during pregnancy. With regards 1o
calculated CP content, diet TB had a higher CP than both TA and TC and could has ¢
accounted for the increased liveweight gain in pregnancy (Table 6) despite s
considerably higher CF values of 13.60% compared to value of 5.3% in TA. Weight
loss in the sows during lactation was highest on diet TC with the lowest for those fed
diet TB. These values (Table 9) were howewver not found to be significantly different
(P=0.05). Sows fed the TB diet had the highest liveweight sain and the lowest

liveweight loss (P = (0.05).

5.1.2 Growth Performance of Piglets fed AIBP-Based Creep Diets (Experiment 2}
Table 9 shows the mean 14™ and 28"-day weight, weaning weight, ADG and the
number weaned. The mean 14-day weight of piglets fed creep dicts TA, TB and TC
were 3.81, 4.39 and 4.59 ky respectively. However, the differences between the means
were not found to be significant (P = 0.05), The mean 28" day weight of piglets
recorded were 6.89, 7.33 and 7.08 kg for treatments TA, TB and TC respectively:
again the piglets fed diet TB recorded the highest liveweight compared to trealment
TA and TC (P > 0.05). The corrcsponding mean weaning weights of piglets were

s ,_.a—-"""--__ -
1031, 9.00 and 8.96 kg (P = 0.05). Piglets fed dietary treatment TA had the highest

PeA) . 115)

to those obtained by piglets on dicts TB and TC.
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Both breeder diet TB and TC were 37.5% cheaper than TA. In terms of the

number of pigs born alive both breeder diets TB and TC would be more economical

to use than TA. The weaning weight of the piglets would be from the combined

influence of the lactation and creep diets, However, lactation and creep TB and TC

would auger for more pigs weaned, lower feed cost and more profitable production
of pigs. It is therefore economically feasible and very profitable to use AIBPs for
feeding pigs. Sow milk production was similar, the number of piglets born, number
weaned and the weaning weight were not significantly different but on the AVerage
57.5, 51.0 and 51.1 percent cheaper on the AIBP-based breeder, lactation and creep

diets than on the respective control (cereal) diets.

5.1.3 Milk Yield of Lactating Sows Fed AIBP-Based Diets with varying CP
Levels (Experiment 2)

The mean 14" day milk yields recorded were 3.48, 3.57 and 3.94 kg/day for
dietary treatments TA, TB and TC respectively (Table 10), Even though there were
numerical differences in the values for 14" day milk vield, these differences were nol
significant (P=0.05), Sows fed diet TC (Table, 10) had a higher milk yeld
(3.94kg/day) than sows fed the. control diet, TA and diet TB. There was the
indication that the milk yicld increased progressively for treatments TA and TB with
time whilst there was a decline after the 28" day on TC. The mean 42™ day milk
yield values obtained in experiment 1 was 4.96 kg/day for sow fed T1 diets while
the conés_pai}:ﬁﬁ_g; values Tor experiment 2 was 6.79 kg/day. Peaker and Wilde (1990)

have suggested that milk yield is higher in second and third parity sows than first

parity sows.
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hTahle 10. Milk yield of lactating sows fed AIBP-based diets

Dietary Treatments

Mean 42-day milk
vield (ke/day)

S1G: level of sign{ﬁcance.
NBS: nat significant. (P > [1.05).
SED: standard error of differences of means

43

Parameter TA TB TC SIG SED
Crude Protein levels (%) | 16 16 16

348 3.57 3.94 NS 0.40
Mean 14-day milk
yield (kg/day)

4,02 4.27 6.11 NS 0.49
Mean 28-day mlk
vield (kg/day)

6.79 443 438 NS i i



CHAPTER FIVE
6.0 CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions

From the foregoing results, the following conclusions can be drawn:

The present study indicates that gilts fed the high CP breeder diets (ic 14.16% CP)
performed better than the gilts fed the low CP breeder diets, ic 13.36 and 12.02%,
respectively. It was, however noted that during the lactation stage, the 14-day weight
of piglets from sows fed the 16.08%, 14.54% and 13.20% CP respectively. were
similar (P>0.05). It was also observed during the course of the experiment that
piglets fed the high 22.60% CP cereal-based diets performed better than piglets fed
the 21.74 and 20.01% CP respectively, even though such differences were nol
significant (P=0.05).

[ncreasing the CP levels of the diets of primiparous sows during lactation
failed to significantly (P = 0.05) affect milk yigld. Agro-industrial by-product can he
included in the diets of sows at the levels used for this study without any adverse
effect on the measures of sow reproductive efficiency. It is possible to exclude
cereals, eg maize, rom the dicts of all categories of pigs. Agro-industrial by-product
could be packaged into cconomically feasible dicts for pigs. It has been shown that
the survivability of piglets could be sustained on AIBP-based diets as well as cereal-

based diets.

S o i

6.2 Recommendations

e Agro-industrial by-products based diets should be used 1o replace the

expensive cereal-based diets for all categories of pig studied.
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Agro-industrial by-products used in this study have shown to be potential

sources of nutrients for high pig performance such that the constraints of

feeding pigs in Ghana could be removed using locally AIBPs.

[t would be worthwhile to use large number of sows for such a study in order
to have results that would be easily appreciated.

The optimum levels of some of the AIBP in the various diets may have to he

studied further m view of the rather high stillbirth rate obtained on one of the

AIBP-based diets.
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8.0 APPENDICES
EXPERIMENT 1

I. Reproductive Performance of Sows Fed Varying Levels of CP

Appendix 1: Anova for mean number of piglets born

Sources df 55 5 T 5
Treatments | 2 | 6.70 | 0.02 335 058
Error 15 77.23 5.04 = ufis
Total 13 83,04
|
Appendix 2: Anova for mean birth weight (kg)
Sources dr | ss ms F p
Treatments | 2 0.03 0.02 0.25 0.78
Error 15 0.81 0.06 i |
———— S -.—_'___
Total 17 0.84 |
- |

Appendix 3: Anova for mean sow weight gain (kg)
Sources df 55 nis I p
Treatments | 2 71.87 35.93 0,09 0.92
Error 15 5262.13 | 404,77
Total 17 5334.00
Appendix 4: Anova for mean weight loss in sows (kg)

I

| Sources | dr 88 ms F : p .

Treatmenl;r 2 114690 73.45 0.49 _ 0.63
Error 15 1966.53 151.27

|
Total 17 2113.44 ! =
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IL. Piglets Growth Performance

Appendix 5: Anova for mean 14-day weights of piglets (kg)

 Sources B §5 ms | F p
SERInERG | % 1.06 0.53 091|043
Error 15 7.62 | 0.50 =R
Total 17 8.68 |
Appendix 6: Anova for mean 28-day weights of piglets (kg)

Sources df % = F 5
Treatments | 2 0.68 | 0.34 0,24 0.79
Error 15 18.69 1.44

Total 17 19.37

Appendix 7: Anova for mean weaning weights of piglets (kg)

Sources df 5§ ms | B p
Treatments | 2 10.29 [0.15 0.03 0.97
Error 15 | 62.42 4.80

Total | 17 62.71

Appendix 8: Anova for ADG of piglets (kg/day)

Sources df [ 8§ ms TF p
Treatments | 2 0,001 0,001 0.23 0.80

 Error 15 0.033 0.003
Total 17 0.034
Appendﬁ_ﬂiz An-uva for mumber of piglets weaned

Sources df 55 ms F p _
Treatments | 2 12.36 6.18 1.62 0.24
Error 15 49.63 | 3.82 ]
Total 17 _| 62.00 |
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Il Milk Yield of Lactating Sows fed Cereal-Based Dicts with varying CP

levels.

SPRSSER10: Anovs: for 1eday milk yield of lactation sows fed cercal-based

diets (kg/day)

Sources dr 58 ms | F p
Treatments | 2 41.65 20.83 (266 |00
Error 15 101.96 | 7.84 o .
Total 17 143.61 B

Appendix 11: Anova for 28-day milk yield of lactation sows fed cereal-based

diets (kg/day)

Sources df 2 . F E_ —
Treatments | 2 35.52 17.76 1.40 0.28
Error 15 164.98 Rel, | ;—

Total 17 200.50 |

Appendix 12: Anova for 42-day milk vield of lactation sows fed cereal-based

diets (kg/day)
Sources df 58 ms [ F - 4j‘.} iy
Treatments | 2 58.95  29.47 192 0.19
Error 15 199,45 : 15.34 l : '
Total 17 258.41 | 3/
EXPERIMENT 2
IV. Reproductive perfoFmance in sows fed AIBP-based diets

___;A_Bpendix 16: Anova for mean number of piglets hurn‘ _ _
Sources df 58 ms . F R p
Treatments | 2 3.60 1.80 | 026 078
Error 15 | 84.00 7.00 ' i
Total 17 87.00 | |
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Appendix 17:

Anova for mean birth weight (kg)

Sources df % = - G i
Treatments |2 0.04 0.02 028 o

Error 15 0.87 0.07 - -
Total 17 0.91

Appendix 18: Anova for mean sow weight gain (kg)

Sources df $5 s F -
Treatments | 2 603.33 301.67 | 1 60 | 024
Error 15 2257.60 188.13 g
Total 17 2860.93 | ==
Appendix 19: Anova for mean weight loss in sows (kg)

Sources df S5 s F p
Treatments | 2 137.90 74.45 0.51 0.73
Error 15 1856.53 150.37 ! _:
Total | 17 194.43
V. Growth Performance of Piglets fed AIBP-Based Creep Diets,

Appendix 20: Anova for mean 14-day weights of piglets (kg)

Sources df S8 ms | BT . p
Treatments | 2 1.63 0.82 | 2.45 [013
‘Error 15 3.99 0.33 | = __'_
Total —117 5.62_

—
____Appendix 21: Anova for mean 28-day weights of piglets (kg)

Sources df 88 ms F p
Treatments | 2 0.48 0.24 | 0.09 0.92 |
Error 15 34.02 2.84 )

Total 17 34.50 p
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Appendix 22: Anova for mean 42-day weights of piglets (kg)

Sources df 55 ms F

Treatments | 2 1.06 0.53 0.91 0.43
Error 15 7.62 0.59 p
Total 17 8.68 -

Appendix 23: Anova for mean weaning weight of piglets (kg)

Sources

dr

55 ms F
Treatments | 2 5.90 2.95 0.70 0,52
Error 15 50.51 4.21
i |
Total 17 56.41 | s

Appendix 24: Anova for mean number of piglets weaned

Sources

df

S8 ms F - p
Treatments |2 7.60 | 3.80 0.53 0.60
Error 15 86.40 7.20 ae B
Total 17 94,00 =

VI .Milk Yield of Lactating Sows Fed AIBP-Based Diets.
Appendix 13: Anova for 14-day milk yield of lactation sows fed AIBP-based

diets (kg/day)

Sources df | ss ms F p
Treatments | 2 0.59 | 0.30 0.11 0.90
Error 15 33.12 2.76

Total 17 33.71

Appendix 14: AnovaTor 28-day milk yield of lactation sows fed AIBP-based

___ diets (kg/day)

Sources dr 5§ ms F p _
Treatments | 2 13.03 6.51 2,12 0.1 _ﬁ
Error 15 | 36.82 3.07 ™=
Total 17 49,85

69



Appendix 15: Anova for 42-day milk yield of lactation sows fed AIBP-based

diets (kg/day)

Sources df 88 ms ¥ P .
Treatments | 2 18.97 9.48 2.36 0.14

Error 15 48.25 4.02

Total 17 67.22
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