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Abstract

The experiment was conducted to evaluate the effect of dietary fibre on the feeding behaviour
of growing-finishing pigs. A total of 32 Duroc x (Large White x Landrace) pigs were used. The
study consisted of 16 males and 16 females pigs. The initial liveweight was 22.4+2.2 kg for the
male and 22.8+1.9kg for the female. Two pens of 8 females and two pens of 8 were used. The
experiment was a 2 x 2 factorial design (2 finisher diets x two sexes), which lasted for ten
weeks, and comprised of weeks 1-7 called the grower phase and weeks 8-10 called the finisher
phase. The study consisted of two experimental groups (Group 1 and Group 2). The Group 1
pigs were fed the basal diet (13.5 MJ DE/kg + 0.65 g Lys / MJ DE) throughout the study, while
the group 2 pigs were fed the basal diet during the growing phase then switched to the fibre-
rich test diet (13.6 MJ DE/kg + 0.68 g Lys / MJ DE) during the finishing phase.

All diets were pelleted. The test (6% and 24.6%) and basal diet (4.2% and 14.4%) had different
CF and NDF levels. The pigs were fed using the Osborne™ electronic feeder. Feeding
behaviour data recorded by the electronic feeders were the number of visits, feeding duration
(min), feeding rate(g/min) and feed intake per visit (kg). Data cleaning techniques were used to
improve the accuracy of the data. Data were transformed to meet the condition of normality and
homogeneity of variance. Also, the data was sorted on an hourly basis to reflect the diurnal
feeding variation and analysed using the proc mixed function of SAS 9.4 (SAS Institute, Cary
NC). Multiple comparisons were made using Fisher’s LSD method (P<0.05).

The pigs fed the basal diet; the female pigs frequently visited the feeder more often but spent a
shorter feeding time because they only ate smaller feed quantities (P<0.05). However, the male
pigs visited the feeder less often but spent more time feeding because of the large quantity
consumed (P<0.05). During their growing phase, all pigs fed the basal diet had an extended
feeding time because of their frequent feeding visits than the finishing phase (P<0.05).
However, finishing pigs (fed the basal diet) irrespective of their sex had a higher feeding rate
and feed intake than growing pigs (P<0.05). The fibre-rich test diet changed the feeding
behaviour pattern of the finishing pigs. Overall, finishing pigs fed the fibre-rich diet exhibited
reduced hourly feed intake and feeding rate than pigs fed the standard (basal) compound diet
(P<0.05). In contrast, the pigs fed the fibre-rich diet's hourly feeding duration and feeding visit
was increased than the pigs fed the standard compound diet. Overall, this study concluded that

sex, diet, and age influenced the hourly feeding behaviour of the pigs.

Keywords: Dietary fibre, feed intake, feeding rate, feeding duration, feeding visits, feeding

behaviour
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Chapter 1

Introduction

1.1  Background

The world as we know it is growing, and it is expected to reach over 9 billion people in 2050;
the consequences of this are that by 2050, we need to produce 70% more food (FAO, 2009).
More specifically, it is estimated that there will be a corresponding 60-70% increase in animal
product consumption by 2050 with highly efficient and fast-growing species — such as pigs-
likely to account for one of the major increases in the projected animal protein consumption
(FAO, 2014; Makkar et al., 2014; Schiavone et al., 2017).

The increase in animal product consumption could be attributed to the growing human
population and improved living standards, mainly from developing countries (FAO, 2009;
FAO, 2011; USDA, 2016). Subsequently, in meeting up with the predicted future increase in
consumption of animal protein, there will be a significant demand for finite animal production
resources such as feed (FAO, 2009; Makkar et al., 2014). As a result, pig production systems
have primarily used conventional diets based on cereals and high-quality protein supplements
(Close, 1993).

Currently, livestock feed account for between 60-70% of production cost (Hasan, 2007;
Swanepoel et al., 2010; Lucas & Southgate, 2012; Van Huis, 2013; Abu et al., 2015). In swine
enterprises, feed represents between 55 and 75% of the total cost of production (Patience &
Petry, 2019). This problem is worsened by the fact that there is a growing scarcity of resources
to produce conventional animal feed because of their competitive use as food and fuel by
humans and industries, respectively; as well as the environmental impact associated with their
production (Van Huis, 2013; Makkara et al., 2014; Veldkamp & Bosch, 2015). Therefore, in
light of the shortcomings of conventional feed ingredients, there is a need to evaluate an

alternative feed ingredient to ensure more sustainable pork production.

Recent trends in the demand and supply of these conventional feedstuffs require swine
producers to feed the pig a wide range of feedstuff which are unacceptable to human
consumption because of their omnivorous nature (Close, 1993; Woyengo et al., 2014). These
low-cost feedstuffs, such as cereal co-products from the biofuel and milling industries, are
called “alternative feed ingredients” (Close, 1993; Woyengo et al., 2014). Since alternative feed
ingredient is cheap, their use to supplement or substitute conventional feed ingredients in swine
diets can be attractive economically (Owusu-Asiedu et al., 2006). In fact, most alternative feed
1



ingredients have been reported to have high dietary fibre components because of their plant cell
wall materials (Close, 1993). This high dietary fibre component is of interest in animal nutrition
and welfare. Diet rich in fibre can be a cheap energy source. Furthermore, it can help improve
the welfare of pigs because of its ability to reduce abnormal (or stereotypic) behaviour by

ensuring satiety (de Leeuw et al., 2008).

1.2 Problem statement

However, most of these alternative feed ingredients are bulky and have high dietary fibre
because of the non-starch polysaccharides found in their cell walls (Bedford & Schulze, 1998;
Souffrant, 2001). This problem is worsened because most monogastric animals, including pigs,
cannot degrade the non-starch polysaccharides found in the small intestine because their
digestive enzymes are not suited (Bedford & Schulze, 1998). Similarly, the non-starch
polysaccharides may also act as antinutrients (Stanogias & Pearce, 1985) and could negatively
influence voluntary feed intake and nutrient digestibility, especially in grower and weaner pigs
(Kyriazakis & Emmans, 1995; Zijlstra et al., 1999, 2001). Likewise, the mechanism through
which the reduced feed intake reported for the pigs fed alternative feed ingredient is quite

complex and poorly understood (de Lange et al., 2000a,b).

Much has been known of how dietary fibre in the alternative feed ingredient reduces feeding
motivation by enhancing satiety through its physicochemical properties such as bulkiness,
solubility and fermentability (Meunier-Salaun et al., 2001; Zaczek et al., 2003). Therefore, for
swine producers to develop management and feeding regimes to manage the negative influence
of non-starch polysaccharides and take advantage of most alternative feed ingredients, an
understanding of the extent to which dietary fibre can influence the feeding behaviour of
growing-finishing pigs is needed. However, very little is known about how dietary fibre
influences feeding behaviour parameters such as feeder visits, feeding duration, feed intake, and

feeding rate.

1.3 Objectives

Managing the influence of dietary fibre in voluntary feed intake requires understanding how it
influences the behavioural feeding pattern in pigs. Therefore, the primary objective of this study
is to investigate the effect of dietary fibre on the ad libitum feed intake and feeding behaviour
of growing-finishing pigs. Also, other factors (such as age and sex) that could influence the

feeding behaviour of the pigs in this study were being examined.



Chapter 2

Literature Review

2.1 Introduction

In monogastric nutrition, the emphasis is placed on feed intake regulation because of its crucial
role in body maintenance and growth. It is also an essential part of the integral behaviour that
affects optimum feed conversion and productivity in growing pigs (Henry, 1985; Nyachoti et
al., 2004). The nutrient intake level depends on the total quantity of feed consumed by the pig
(Nyachoti et al., 2004). In many pig production enterprises, pigs are fed ad libitum comprising
of a complete diet mix. The voluntary feed intake is based on the pig's specific requirement for,
most notably, energy. This is alongside other nutrients such as protein and essential amino acids
(Henry, 1985). As a result, to modulate voluntary feed intake in growing pigs, there must be a
balance in the ratio of the energy concentration to that of essential amino acid and protein in the
diet (Henry, 1985; Perez & Roura, 2017).

There are physiological factors that affect feed intake in pigs. Some physiological factors
include the transit time or rate of passage of the digesta through the digestive tract (Black et al.,
2009). The satiety and hunger centre in the brain is stimulated by meal consumption, metabolite
production from biochemical processes and absorption of digested nutrients (Nyachoti et al.,
2004; Black et al., 2009). The satisfaction of appetite after feed consumption, which inhibits
further eating, can be described as satiety. As a result, feed intake and feeding behaviour are
greatly influenced by an integral process such as satiation (Burton-Freeman, 2000). More
importantly, the inherent physico-chemical properties (such as bulkiness and viscosity) of the
dietary fibre play an integral role in the manner in which satiety is achieved in the manner
(Burton-Freeman, 2000).

More specifically, feed intake has been reported to have an inverse relationship with the rate of
transit of the digesta through the digestive tract. However, the mechanism behind how feed
intake is being influenced by the transit time of the digesta is still not well understood
(Ratanpaul et al., 2019). Since pig eats to a constant energy intake and maintains normal
metabolism and homeostasis, the addition of fibre decreases the digestible energy of the feed,
thereby increasing feed intake (Ratanpaul et al., 2019). Other physiological effects of adding
fibre to the diet include suppressing satiety through gut hormones (Tolhurst et al., 2012) and its
direct effect on the hypothalamus region (Frost et al., 2014).



However, the increase in feed intake does not hold when fibre in the diet is very high (Ratanpaul
et al., 2019). At a high fibre concentration, there is an increase in the hydration and swell
capacity of the feed eaten by the pig, which results in gastric distension and a reduction in feed
intake. This is due to reduced energy density, increased feed bulk, and digesta swelling in the
stomach (Kyriazakis & Emmans, 1995; Brachet et al., 2015). Similarly, there is an increase in
the gastrointestinal tract (GIT) capacity and a change in the transit time of the digesta because
of the increase in feed intake (Ratanpaul et al., 2019). Eventually, a threshold point is reached
in which there cannot be a further intake of feed that contains fibre to meet up with the declining
energy density. At this point, the energy intake required for normal metabolism falls (Black,
2000).

On the other hand, in addition to energy, Henry (1979) observed that feed intake is also adjusted
based on specific protein intake levels. This is, therefore, consistent with the fact that changes
in feed or energy intake are closely related to the diet composition in terms of energy density,
protein concentration and amino acid balance (Henry, 1985). Similarly, the diet's protein (or
amino acid)-energy ratio necessary for optimum growth can also influence feed intake (Henry,
1985). Moreover, it is worthy to note that the ad libitum feed intake system for growing pigs in
a commercial pig production enterprise serves as a cost-effective and labour-saving system
(Owen & Ridgman, 1967).

2.2 Factors affecting feed intake in pigs

A vast range of factors affects feed intake in pigs. The level of feed intake is dependent on the
interaction of multiple factors ranging from external, internal, social, and dietary factors. As a
result of these interplay of numerous factors, feed intake is usually difficult to predict for pigs,
especially groups of growing-finishing pigs at different growth stages (Nyachoti et al., 2004).
Some of these external factors include environmental stimuli (Beattie et al., 2000) such as
ambient temperature (Quiniou et al., 2000), humidity and ventilation (Ratanpaul et al., 2019).
For instance, there is an associated increase in voluntary feed intake and body fat deposition at
slaughter due to the decrease in temperature below the thermoneutral zone (Le Dividich et al.,
1987). On the other hand, high temperature discourages feed intake and reduces body fat
deposition (Rinaldo & Le Dividich, 1991). Even when the same breed of pigs are kept under
the same environmental condition, differences in feed intake can still be exhibited due to
intrinsic or animal-related factors (Nielsen, 1999; Bornett et al., 2000). Some of these animal-

related factors include genotype, variation among pig within a breed, variation over time within



individual pig and sex (De Haer & De Vries,1993; Fuller et al., 1995; Labroue et al., 1995;
Knap, 2009).

Variation between the breeds of pigs can also influence feed intake. Quiniou et al. (1999)
observed this in their study involving the effect of growth potential at three growth stages on
the feeding behaviour of Pietrain, Large White and Meishan, representing lean, conventional,
and fat types of pigs (or breed), respectively. They observe a linear increase in feed intake, the
magnitude of which depended on pig type or breed. The Meishan breed had the highest feed
intake, followed by Large White and Pietrain. In this same study, the pig breed significantly
affected voluntary feed intake (VVFI). Therefore, factors such as differences in VFI and feeding
behaviour among different pig types can lead to differences in body composition among pig

genotypes (Nyachoti et al., 2004).

The genetic line of the pig influences the composition of gain and the potential for rate. As a
result, feed intake levels and patterns differ among pigs of divergent genetic lines (Cop &
Buiting, 1977; de Haer & de Vries, 1993). Pigs selected for faster gain have higher VFI levels
than pigs with slow gain potential (Clutter et al., 1998). Similarly, over many years of intensive
selection programs for pig genotypes with lean content and better feed conversion efficiency
have inadvertently led to the current breeds of pigs declining or static feed intake levels (Webb,
1989). Pigs with a high potential for lean tissue growth tend to have a lower VFI compared to

those with a low muscle accretion rate (Henry, 1985; Gu et al., 1991)

Other internal influences that can trigger differences in feed intake amongst animals raised
under the same condition include factors such as the physiological stage of development (NRC,
2012), health status (Williams et al., 1997), age (Kanis & Koops, 1990), and body weight
(Quiniou et al., 2000). Similarly, other aspects that influences feed intake includes social factors
such as group housing (Bornett et al., 2000), stocking density (Nyachoti et al., 2004), space
allocation, feeder space, group size in pens, familiarity with other pigs and regrouping
(Ratanpaul et al., 2019).

Lastly, dietary factors can influence ad libitum feed intake and feeding behaviour in pigs. Some
of these dietary factors include feed additives, dietary contaminants, feed processing, feed form,
availability of drinking water, feed bulk, physical feed intake capacity and dietary nutrient
content and balance (such as energy concentration, protein levels and amino acid balance (Li &
Patience, 2017; Ratanpaul et al., 2019). Therefore, to ensure a sustainable pig enterprise,

understanding various feed strategies and managerial decisions in predicting the feed intake in
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growing pigs is a much-needed skill (Nyachoti et al., 2004). However, due to the scope of this

research, emphasis will only be placed on the role dietary factors play in ad libitum feed intake.

2.3 Influence of dietary factors on feed intake
The effect of the various dietary factors on the pig's feed intake will be discussed in the

following sections.

2.3.1 Dietary energy concentration

The properties of a diet, such as its concentration and type of nutrient goes a long way in
influencing feed intake in pigs. First of all, pigs consumed feed to meet the requirement of the
first limiting nutrient, which mostly is energy-yielding nutrients (Cole et al., 1968; Henry, 1985;
NRC, 1998; McNeilage, 1999). Dietary energy density is one of such dietary characteristics
capable of inducing pigs to adjust their feed intake, especially their average daily feed intake
(Henry, 1985). The study conducted by Oresanya et al. (2007) confirmed this. The study
highlighted that young pigs fed a diet that contained low digestible energy (DE) content
(14.22MJ/kg) consumed more feed (857 vs. 825 g/day) than pigs fed a diet containing higher
DE (15.06MJ/kg). A similar result was reported by Beaulieu et al. (2009), in which five
formulated diets containing different ME levels ranging from 12.41 to 14.34MJ/kg were fed to
growing-finishing pigs (Figure 1).

With the decrease in the available dietary energy concentration, pigs will attempt to eat to a
constant daily energy intake, in so doing, eating more until feed intake is depressed by other
factors such as the pigs' environmental stimuli or physical intake capacity (Beaulieu et al.,
2009). This is the same for cases when the energy concentration of a highly digestible diet is
diluted by lower energy ingredients, resulting in an increase in feed intake at such a rate that
digestible energy (DE) intake remains constant (Beaulieu et al., 2009). However, Hanson et al.
(2015) observed in weaned pigs, a higher average daily feed intake (830 vs. 734 g/day) for a
high metabolisable energy (ME) diet containing a 30% dried distiller grains with soluble
(DDGS) than the control consisting of a maize-soybean diet with low metabolisable energy.
This can be explained by the fibrous nature of the DDGS diet. Diets containing fibre have been
reported to improve gut fill, increase weight and volume of the whole gut, and increase feed
intake (Kyriazakis & Emmans, 1995). On the other hand, in young pig, Black et al. (1986)
reported that, just like the energy concentration of the diet, the physical feed intake capacity of

the growing pigs also serves as a significant limiting factor for growth
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2.3.2  Amino acid balance and dietary protein level

The amino acid profile and the protein level of the diet play an important role in regulating feed
intake in pigs. For instance, the optimum inclusion level of tryptophan in the diet is associated
with enhanced feed intake in young piglets (Ettle & Roth, 2004; Naatjes et al., 2014; Ngrgaard
et al., 2015). On the other hand, factors such as an excess supply of total protein or essential
amino acids and a severe deficiency in limiting amino acids have been reported to depress
voluntary feed intake (Harper, 1959). In fact, a diet containing high protein levels have been
reported to depress feed intake in growing pigs. A study reported by Le Bellego & Noblet (2002)
in which piglet was fed 4 experimental diets with different crude protein levels further
confirmed the influence of a diet on feed intake. In their study, piglets fed the diet with the
highest crude protein level (224 g/kg ) exhibited a significant decrease in the average daily feed

intake compared to pigs fed low crude protein (204, 184 and 169g/kg) diets.

According to Li & Patience (2017), the negative impact of excess dietary protein can be
explained due to an existing imbalance among the less-limiting amino acids, especially the large
neutral amino acids (leucine, isoleucine, valine, phenylalanine, and tyrosine). Similarly, feed
intake was depressed when a diet containing low-protein deficient in valine (limiting amino
acid) was fed to pigs (Gloaguen et al., 2011). Alternatively, pigs were observed to consume
more feed in an attempt to meet up with their limiting amino acid requirement when they were
fed a diet that was deficient in one or more essential amino acids (Henry, 1985). However, the
findings of this study were not consistent with those conducted by Robinson (1975) and Henry
(1995). Overall, it is noteworthy to maintain feed intake; there has to be a balanced ratio of

available energy to essential amino acids (Li & Patience, 2017).

2.3.3 Physical feed intake capacity and feed bulk

The level to which the animal's gut is filled depends on the bulkiness of the feed and the physical
intake capacity to consume the feed (Nyachoti et al., 2004). The physical capacity of the
digestive tract of pigs to consume feed and meet their nutrient requirement influences the level
at which the quantity of a bulky feed can be consumed (Nyachoti et al., 2004). The physical
feed intake capacity limits young pigs of about 20kg to consume and digest feed (Black et al.,
1986). Black et al. (1986) also observed in their study that when the energy density of a diet is
reduced below 3350 kcal/kg, growing pigs of about 50kg cannot compensate for such energy
reduction. Gut fill and physical feed intake capacity (Fpnys, kg/d) can be predicted by the

equation proposed by Black et al. (1986), which can be expressed in units of feed intake



Fonys = 0.111 % BOdyWeight°-803
or expressed in units of indigestible feed intake proposed by Whittemore (1998).
thys =0.013 x BW/ [1_D|g]

Although these two approaches produce similar feed intake estimates, they fail to identify the
influence of dietary fat (Revell & Williams, 1993) and dietary fibre (Eastwood et al., 1983;

Kyriazakis & Emmans 1995) on voluntary feed intake.

2.3.4 Feed processing and form

Ad libitum feed intake in growing pigs is influenced by the form and processing of the feed
ingredient. For example, reducing the particle size of cereal ingredients in growing-finishing
pigs results in a depressed feed intake (Laurinen et al., 2000; Mavromichalis et al., 2000). More
specifically, in the study carried out by Mavromichalis et al. (2000) using weaning pigs, they
observed that when the particle size of a wheat-based diet was reduced from 1300 to 400 pum,
there was an associated linear drop-in feed intake. A plausible explanation for the reduction in
feed intake could be the pig’s attempt to control DE intake by altering feed intake (Nyachoti et
al., 2004). Similarly, a reduction in feed intake for growing-finishing pigs fed pelleted feed was
reported by Hancock & Behnke (2001). Still, there was an improvement in growth performance
due to enhanced nutrient digestibility (Wondra et al., 1995b). However, it is agreed that after
weaning, liquid feeding stimulates feed intake (Kim et al., 2001; Han et al., 2006; Missotten,
2010). Unlike dry and mash feeding, when feed is fed in the pellet or wet form, there is an
overall improvement in the feed conversion efficiency (Patience et al., 1995; Botermans et al.,
1997; Gonyou, 1999).

2.3.5 Feed additives

To induce a certain level of response in terms of improvement in performance through various
ways, including enhancing feed intake, feed additives are included in pigs' diet (Nyachoti et al.,
2004). Examples of feed additives include exogenous enzymes that aid in digestion. These
enzymes improve feed intake by acting on the non-starch polysaccharides (NSP) components
of the feed, thereby reducing the feed's bulkiness (Campbell & Bedford, 1992). A similar
increase in voluntary feed intake has been reported for feed additives that enhance general health
and gut health in pigs (Coffey & Cranwell, 1995).

Also, through a different mechanism such as masking the bitter taste of some feed ingredients

and serving as an enhancement for good and acceptable taste, the flavouring agent may improve



feed intake in pigs (Whittemore, 1998). For example, Baidoo et al. (1986) reported an increase
in feed intake when 100g/kg of dextrose was added to a diet containing an equal quantity of
soybean meal and canola meal fed to starter pigs. Similar results have been reported by
Danielsen et al. (1994) when pigs were fed a diet containing dehulled rapeseed meal in which a
flavouring agent was added. However, studies reported by Patience et al. (1995) and
Whittemore (1998) have suggested that the effectiveness of flavouring agent have been

inconsistent.

2.3.6 Dietary contaminants

One major contaminant currently facing the pig industry globally is mycotoxins found in the
grain used for feed ingredients (Nyachoti et al., 2004). When mycotoxin-contaminated feed
ingredient is fed to pigs, it is generally observed that there is a fall in overall production
performance due to the reduction in feed intake (Nyachoti et al., 2004). For instance, feed intake
was drastically reduced in a study conducted by Williams & Blaney (1994). Growing pigs were
fed a diet comprising 500 or 750g/kg of maize naturally contaminated with Fusarium
graminearum. In another study conducted by House et al. (2002), a similar result was reported.
In this study, growing-finishing pigs with bodyweight varying from 23 to 110kg were fed a
barley diet containing a naturally contaminated 2ppm of deoxynivalenol (DON) mycotoxin.
There was a significant reduction in the feed intake (2.20 vs. 2.38kg/d). However, House (2003)
did not observe a similar result in a subsequent trial when the same pig genotype was fed a diet
containing 4ppm of DON or when a starter pig was fed 2ppm of DON compared to the control

diet containing no inclusion of DON.

2.4 Availability of drinking water

Water is an essential requirement needed by all animals. Water plays a vast role in physiological
functions involving digestion and nutrient utilisation (NRC 1998; Thacker 2001). Therefore, its
availability will either improve or depress VFI (Nyachoti et al., 2004). Despite its primary role
in body temperature regulation, it is also speculated to be involved in other bodily functions,
such as its impact on VFI by mitigating temperature effects on VFI (Mount et al., 1971;
Nienaber & Hahn, 1984). In weaned pigs, to maintain optimal feed intake, they should be
drinking water soon after weaning (Brooks et al., 1984; Gill et al., 1986). However, in terms of
water quality, studies have suggested that it may not affect the VFI of pigs (Patience et al., 1995;
Nyachoti & Patience, 2003). Similarly, in a study conducted by McLeese et al. (1992), changes
in feed intake (0.55 vs 0.57 kg/d) were insignificant for water containing 217 ppm and 4390

ppm of total dissolved solids.
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Although much is known about the many dietary factors that affect ad libitum feed intake in
growing pigs, it is still unclear the effect dietary fibre has on its underlying mechanisms
responsible for the observed feeding behaviour and feed intake. Due to the nature of the scope
of this study, it is also important to highlight that for this review; emphasis will be placed on
just the influence the dietary fibre fraction has on feed intake. More importantly, satiety and
feed intake will be interchangeably used. This is because there is an inverse relationship
between feed intake and satiety. In fact, an increase in satiety is observed when a diet rich in
fibre is consumed, which subsequently results in less hunger (Delzenne & Cani, 2005). As a

result, when there is satiety, there is less feed intake and vice versa

2.5  Dietary Fibre

2.5.1 Definition

Dietary fibre plays an integral role in the digestive process of pigs. The definition of dietary
fibre comprises either of the physiological and chemical definitions (Knudsen, 2001).
According to the physiological definition, dietary fibre is a heterogeneous mixture of structural
and non-structural polysaccharides and lignin found in a plant's cell wall that cannot be
hydrolysed by enzymes found in the digestive system of pigs but efficiently by the microbial
flora (Wenk, 2001; Souffrant, 2001; Agyekum & Nyachoti, 2017). On the other hand, in terms
of the chemical definition, dietary fibre is described as the sum of the lignin and non-starch

polysaccharide of the feed ingredients or plant material (Theander et al., 1994).

Similarly, any polysaccharides that reach the hindgut, such as oligosaccharides and resistant
starch, of plant cell origin, including fructo-oligosaccharides, are classified as dietary fibre
(Chesson, 1995; Agyekum & Nyachoti, 2017). Example of dietary fibre includes various NSP
such as cellulose, pectins, mucilages, hemicellulose, B-glucans and gums including the non-
polysaccharide lignin (Burton-Freeman, 2000). Therefore, to guarantee sustainable swine
production, it is vital to ensure that fibre, non-starch polysaccharides, and cellulose, the most

abundant carbohydrate found in nature, are efficiently utilised (Urriola et al., 2012).

The cell wall constituents of plants are complex and variable in their physical and chemical
components and their metabolic effects (Agyekum & Nyachoti, 2017). Another point to
consider is a wide variation in the amount and composition of fibre within and between feedstuff
(Wenk, 2001). Dietary fibre co-products can change the carbohydrate component of pig diets
from high-starch to containing less starch and more non-starch polysaccharides, which are the

major constituent of fibre (Agyekum & Nyachoti, 2017). Many co-product or by-products of
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the biofuel industry are increasingly being used as dietary fibre in the pig's nutrition (Urriola et
al., 2012).

Many advantages of incorporating fibre into the diet of pigs include reduction in cost of
production (Agyekum & Nyachoti, 2017), relatively cheap raw material (Laitat et al., 2015),
beneficial impact on animal health (Tabelling et al., 2003), reduced abnormal behaviour such
as stereotypies (Owen & Ridgman, 1967) and improved animal welfare and performance
(Correa-Matos et al., 2003; de Leeuw et al., 2004; Amerah et al., 2009). However, its
importance has been downplayed due to disadvantages such as reducing nutrient digestibility
and growth depression (Agyekum & Nyachoti, 2017). Although soluble fibres are easily
digested, generally, pigs cannot utilise feed ingredients high in fibre, especially if it is of
insoluble fibre origin (Urriola et al., 2012). Notwithstanding, pigs can absorb energy from
releasing the volatile fatty acid (VFA) due to the microbial fermentation of the fibre in the GIT
(Urriola et al., 2012). Furthermore, when fibre-rich ingredients are incorporated into the pig's
feed, it lowers the overall digestibility of energy, and hence it reduces the energy value of the
diet (Graham et al., 1986; Knudsen & Hansen, 1991; Wondra et al., 1995a; Noblet & Le Goff,
2001; Urriola et al., 2012). This is because the site of energy digestion is shifted from the foregut
to the hindgut (Anguita et al., 2007).

2.5.2 Classification and determination of fibre in feed ingredients

Cellulose, hemicellulose, and lignin are the main components of the plant cell wall (Agyekum
& Nyachoti., 2017; Figure 2). Cellulose is a linear polymer of glucose units with B-(1—4)
linkages, unlike pectin, which comprises primarily of glucuronic acid units joined in chains by
a-(1—4) glycosidic linkages (Agyekum & Nyachoti., 2017). Cellulose is an abundant organic
substrate, and it forms the core structural constituent of plant cell walls. On the other hand,
hemicelluloses are a complex polysaccharide matrix that includes xylose, arabinose, galactose,
mannose, glucuronic acid, and B-glucan (Agyekum & Nyachoti., 2017). Also, the portion of the
cell wall polysaccharides that are not digested or fermented by intestinal enzymes or bacteria
but anchored by the phenolic polymer is the lignin component (Bedford & Schulze., 1998;
Montagne et al., 2003; Metzler & Mosenthin, 2008; Knudsen et al., 2012).

In terms of their solubility in water or weak alkali, NSP can be classified into soluble or
insoluble NSP (Knudsen, 2001). Example of soluble NSP includes pectin, gums, and B-glucans.
Insoluble NSP includes cellulose and some other hemicellulose. In terms of their

gastrointestinal tract (GIT) fermentability, soluble NSP is more rapidly fermented than
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insoluble NSP (Knudsen, 2001; Montagne et al., 2003). The fermentation in the insoluble NSP
happens in the hindgut of the pig, with little or no fermentation occurring in the upper gut
(Noblet & Le Goff, 2001). With the description of the component and the significant role of

dietary fibre in pig nutrition, it is also essential to highlight the existing analytical procedures

needed to determine the actual amount of dietary fibre in any feed ingredient.

Dietary carbohydrates Lignin
Digestible carbohydrates Dietary fibre (non-digestible carbohydrates and lignin)
Starch and sugars Fiesistant Non-d@esh_ble NSP Lignin
starch oligosaccharides
Pectins | | Fructans NDF
Hemi-cellulose ADF

Cellulose| | ADL
Lignin

Highly fermentable Poorly fermentable

Figure 2: Composition of animal feed showing the different dietary fibre fractions. Adapted

from Ratanpaul et al. (2019).

2.5.3 Analytical method for characterising fibre

Nutritionists use different methods in characterising the dietary fibre constituents of feeds and
feedstuff. Two basic steps are commonly used in all of these methods. These steps involve the
digestion of the carbohydrate and other non-fibre constituents (including protein and fat) in the
feed ingredient and, after that quantifying the remaining undigested residue (Urriola et al.,
2012). The digestion process uses different compounds ranging from chemicals (such as alkali,
acid and detergent) to enzymes (such as amylase, protease and amyloglucosidase; Urriola et al.,
2012). Subsequently, the undigested residue can be determined through a procedure ranging
from weighting (gravimetric) to the use of chemical compounds (using gas chromatography or

high-performance liquid chromatography; Urriola et al., 2012). However, the type of analytical
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method used is dependent on how fibrous the remnant is isolated and measured. Therefore, this
technique can be classified into chemical-gravimetric, enzymatic-gravimetric, and enzymatic-
chemical methods (Agyekum & Nyachoti, 2017).

2.5.4 The crude fibre analysis

The crude fibre analysis (which is part of the Weende proximate analysis) uses the chemical-
gravimetric system of analysing feed ingredients (Mertens, 2003). In this method, the gastric
and pancreatic secretions' digestive actions are mimic by boiling the feed with diluted acid and
subsequently using dilute alkali (Mertens, 2003). The drying process follows this, and the
residue is determined gravimetrically (Knudsen, 2001). More specifically, it was introduced to

distinguish between available and unavailable carbohydrates for digestion (Mertens, 2003).

On one hand, the main advantage of crude fibre analysis is that it is very robust and reproducible
within and among laboratories. However, cellulose, hemicellulose and lignin recovery is
incomplete (Agyekum & Nyachoti, 2017; Figure 3) because only a small fraction of these
polysaccharides is recovered due to their nature of solubility (Knudsen, 2001). As a result, this
analytical method is not considered an acceptable definition for dietary fibre and, therefore, not
suitable for portraying pig's dietary fibre constituents of pig's feed (Agyekum & Nyachoti,
2017).

2.5.5 The Van Soest detergent method

The Van Soest method developed by Van Soest and his co-workers built on the inadequacies of
the crude fibre analysis (Van Soest, 1963; Van Soest & Wine, 1967; Van Soest et al., 1991).
The Van Soest detergent analysis method, which classifies dietary fibre into insoluble and
soluble components, seems to provide accurate interpretation (Agyekum & Nyachoti, 2017).
This chemical-gravimetric procedure developed by Van Soest in the 1960s uses detergent to
extract fractions such as neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid
detergent lignin (Van Soest & Wine, 1967; Van Soest et al., 1991; Souffrant, 2001; Mertens,
2003; Figure 3). When feedstuff or a diet is digested in a solution of neutral pH, it recovers the
insoluble components of dietary fibre (i.e., cellulose, hemicellulose, and lignin); hence the NDF
(Mertens, 2003; Figure 3).

With increasing NDF levels, there was an increase in the passage rate of digesta through the
digestive tract when pigs were fed a diet containing neutral detergent fibre of different sources
(Stanogias & Pearcet, 1985). On the other hand, the ADF recovers the cellulose and lignin when

the feed ingredient is dissolved in an acid solution (Van Soest et al., 1991; Figure 3). Likewise,
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the acid detergent lignin (ADL) recovers the remaining lignin using sulphuric acid. Although
the Van Soest analysis method of dietary fibre is an improvement over the crude fibre method,
it cannot recover the soluble fraction of the dietary fibre in a feedstuff such as pectins,
mucilages, gums, and pg-glucans (Grieshop et al., 2001; Mertens, 2003). Besides, it is
noteworthy that starch and protein are likely to contaminate the residue for the detergent fibre

procedure, which could reduce its robustness and reproducibility (Mertens, 2003).

2.5.6 Total dietary fibre method

The total dietary fibre method aims to build on the gaps of the detergent method. This method
is best suited for analysing feed ingredients meant for monogastric animals (especially pigs)
with hindgut fermentation (Agyekum & Nyachoti, 2017). This process involves separating fibre
into its soluble and insoluble components through enzymes (such as amylase, glucoamylase,
and protease) which stimulate the digestive process in the small intestine (Prosky et al., 1984;
Mertens, 2003; Agyekum & Nyachoti, 2017). The carbohydrates components of the total dietary
fibre comprise celluloses of hemicelluloses, oligosaccharides, lignin, pectins, and gums.
Therefore, the total dietary fibre is different from NSPs because of the presence of lignin
(Agyekum & Nyachoti, 2017). Also, the fibrous component of the feed is recovered the most
by the total dietary fibre (TDF) method rather than the NDF. However, the TDF procedure does
not recover oligosaccharides soluble in aqueous ethanol (Agyekum & Nyachoti, 2017).
Compared to the crude fibre and detergent methods, the total dietary fibre method is less
repeatable and more time-consuming; however, the value obtained through this procedure better

represents the perception of dietary fibre (Mertens, 2003).
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Figure 3: Fraction and compounds of dietary fibre. Adapted from Souffrant (2001) and
Agyekum & Nyachoti (2017).

2.6 Physicochemical properties of the fibre

When certain properties of the physical nature of the fibre act in harmony with the intrinsic
chemical properties, a wide array of physiological effects are exhibited as a result (Knudsen,
2001). The nature of the polymer found in the cell wall and the intermolecular association
between the polymer dictate the physico-chemical properties of the fibre (McDougall et al.,
1996). This unique feature distinguishes dietary fibre from other digestible polysaccharides

such as sugar and starch (Urriola et al., 2012).

Many physico-chemical characteristics of fibre can influence the digestive processes, either
separately or collectively, on the attribute of dietary fibre such as its bulkiness, gel-formation,
viscosity, solubility, absorption, and water holding capacity. This can affect mastication time or
stomach and gut fill, potentially stimulating satiety (Bergner 1980; Bolhuis et al., 2010). The

main physicochemical characteristics of fibre can be classified as.

2.6.1 Hydration
The hydration properties of fibre include other characteristics such as swelling capacity,
solubility, water-holding capacity (WHC), and water-binding capacity (WBC; Knudsen, 2011).

The solubilisation process of polymer is first triggered through swelling, followed by a full
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extent of dispersion and extension as water spreads the macromolecules apart until they are
solubilised (Thibault et al., 1992). There is a three-dimensional space expansion of the cell wall,
as seen in Figure 4. Solubilisation involves the ability of fibre to dissolve in water (Oakenfull,
2001) and in other solvents such as diluted base, diluted acid, or an enzyme solution that mimic
the solution in the GIT (Cho et al., 1997).

In water, dietary fibre swells to an extent, but it swells much less when dietary fibre such as
pectin is submerged in a less hydrophilic substance than water (Knudsen, 2001). To this end,
factor such as the linkage between and among monosaccharide units that make up the fibre
affects its solubility (Oakenfull, 2001). For instance, in polysaccharides with an $-(1-4) linkage
among glucose units (such as cellulose or linear arabinoxylans) resulting in an ordered or
structure form, solubilisation is not possible because the strength of the noncovalent bond is
increased as a result of its linear structure (Thibault et al., 1992; Oakenfull, 2001). Therefore,
this stimulates the ordered conformation to be stabilised, resulting in it being insoluble.

However, only swelling can occur under this condition (Thibault et al., 1992; Oakenfull, 2001).

Primary ¢ ey /\

wall
- %\ Pectin
Plasma e A < \

membrane\ —_ - — Cellulose
50nm_, 7 Hemicellulose
Figure 4: A three dimensional model of the plant cell walls. Adapted from McCann & Robert

(1991).
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2.6.2 Water-holding and water-binding capacity

The water holding capacity (WHC) and the water-binding capacity (WBC) are hydrating
properties of fibre that are interchangeably used to describe the capacity of dietary fibre to
integrate water into its matrix (Knudsen, 2001). The WHC is defined as the amount of water
bound within the fibre matrix without applying an external force, the WBC. On the other hand,
the amount of water retained within the hydrated fibre matrix after a force is applied (Robertson
et al., 2000).

There are different mechanisms through which water is bonded in the fibre matrix; these include
hydrogen bonding, water capillary action and ionic interaction (Chaplin, 2003). As a result of
this mechanism, fibre, including the soluble and insoluble components, can bind to water
(Oakenfull, 2001). There are different procedures through which the WBC can be measured in
fibre. These include centrifugation, suction pressure and the use of a dialysis tubing immersed
in simulated gut content (Stephen & Cummings, 1979; Cadden, 1987; Chaplin, 2003). On the
other hand, the WHC can be measured using procedures such as the Baumann apparatus
(Auffret et al., 1994) or the filtration method (Chaplin, 2003).

Certain factor influences the intensity of the WBC in the fibre. Examples of such factors include
pH, the electrolyte concentration in the surrounding fluid, composition of fibre, and other
physico-chemical structures within the fibre molecule (Knudsen, 2001; Urriola et al., 2012). On
the other hand, for the WHC, the fermentability of the fibre is influenced by it (Agyekum &
Nyachoti, 2017). Notably, the amount of water bound and the binding strength depend on the
different fibre types (Cadden, 1987; Chaplin, 2003). For example, pectin-containing high fibre
source has a higher WBC than fibre sources from cereal (Knudsen, 2001). Since there is a close
association between the fibre's swelling properties and the WBC (Auffret et al., 1993), the WBC
is often recommended to correctly measure the fibre's bulkiness (Kyriazakis & Emmans, 1995).
As a result, insoluble fibre usually has a smaller WBC than soluble fibre (Auffret et al., 1994;
Robertson et al., 2000). It is worthy to note that it is difficult to make a comparison of the WBC
values obtained from different studies (Knudsen, 2001) due to the inconsistent results provided
by the different methods of measuring the WBC, such as centrifugation, filtration and dialysis
bags (Thibault et al., 1992).

2.6.3 Viscosity
Viscosity can be defined as gel formation in a high molecular weight aggregates solution due

to the dissociation of dietary fibre (especially soluble fibre) in the gastrointestinal tract
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(Dikeman & Fahey, 2006; Agyekum & Nyachoti, 2017). Soluble fibre is capable of increasing
the viscosity of the digesta (Knudsen, 2001). The level at which viscosity is formed depends on
the ability of the soluble fibre to form a covalent bond with surrounding water and fibre
molecules (Knudsen, 2001). These viscous soluble fibres trigger mechanisms such as gastric
distention and a slower emptying rate, leading to a reduction in feed intake due to increased
satiety (Svihus & Hervik, 2019). For example, viscosity in pigs has been reported to increase
when pigs are fed soluble fibre like gums, pectin or B-glucans (Takahashi et al., 2009). Usually,
insoluble fibre does not cause viscosity but may indirectly influence viscosity through the way
it absorbs water (Takahashi et al., 2009).

Likewise, viscosity is influenced by many other factors. For instance, factors such as the
molecular weight, temperature, pH, fibre structure, chemical composition, particle size and
concentration of the polymer affect the viscosity of the fibre (Knudsen, 2001; Takahashi &
Sakata, 2002; Dikeman & Fahey, 2006; Kristensen & Jensen, 2011; Kumar et al., 2012; Ho et
al., 2015). More specifically, the viscosity of the diluted solution is increased by larger
molecules; this is made possible mainly due to the volume the large molecule occupies
(Knudsen, 2001). For instance, a high-molecular-weight guar gums diet produced a more
viscous solution than a low-molecular-weight guar gums diet even when both diets had an equal
inclusion rate (Dikeman & Fahey, 2006). Similarly, greater apparent viscosity was observed in
the caeca of the pig fed larger particle size fibre than in pigs fed small particle size fibre
(Takahashi & Sakata, 2002).

Likewise, the viscosity and flow of the digesta are significantly influenced by the quantity of
fibre in the diet. Jgrgensen et al. (1996) confirmed this in their study where they reported that
due to the high fibre content of the diet, a five to a six-fold increase in the flow of digesta was
observed. Similarly, an increase in the volume of viscous digesta, low pH, reduction in satiety
and transit time in the GIT have typically been associated with the digestive tract of pigs fed a
high content of soluble fibre than a low fibre content or insoluble fibre. Consequently, a high
fibre content diet causes more water binding in the stomach than a low fibre content (Drochner
& Coenen 1986; Van der Meulen & Bakker, 1991; Johansen et al., 1996). For example, the
effects of feeding growing pigs low and high levels of fibre on the pH in the postprandial state
in the fundus region of the stomach were studied by Drochner & Coenen (1986). They observed
that when pigs were fed a high fibre diet, the pH remained constant at about 2.5, increasing

rapidly to 4 when fed a diet containing low dietary fibre. Subsequently, over the following 6
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hours, the pH value decreased steadily to a level similar to the high fibre content diet (Figure
5).
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Figure 5: Postprandial pH values (in stomach fundus) after meals with a low or high fibre

content in pigs (Drochner & Coenen, 1986).

2.6.4 Fermentation

Fermentability can be described as the capacity of microflora harboured in the intestine to
ferment the NSP (Agyekum & Nyachoti, 2017). How dietary fibre is susceptible to the
fermentation caused by the microbe in the guts depends mainly on how accessible the microbial
population has to the fibre (Oakenfull, 2001). The fermentation is necessitated due to the
increase in the surface area of the polysaccharide for microbial action, which is triggered by the

swelling of the fibre due to water absorption (Canibe & Knudsen, 2001).

The rate of fermentability in dietary fibre often depends on the solubility and the WBC of the
fibre (Urriola et al., 2012). Generally, soluble fibres are more fermentable than insoluble fibres
(Agyekum & Nyachoti, 2017). This could be because soluble fibre has a higher WBC and swells
to a more considerable extent than insoluble fibre (Auffret et al., 1993; Auffret et al., 1994,
Oakenfull, 2001). The site of fermentation depends on the type of dietary fibre. For instance,

for soluble fibre, fermentation occurs at the proximal colon, while for the insoluble fibre,
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fermentation is continued until the distal colon (Cho et al., 1997). The microbiome fermentation
of fibre in the hindgut usually continue for many hours after feeding (Bolhuis et al., 2010).
Consequently, there is a gradual release of energy from fermentation by-products, such as short-
chain fatty acids (SCFA), which possibly extend the period of satiety between meals (Bolhuis
et al., 2010).

The fermentability of the fibre does influence the faecal weight increase (Stephen & Cummings,
1979). The increase in the faecal output results from the fermentable fibre stimulating microbial
growth, increasing the faecal biomass (Cho et al., 1997). A similar increase in the faecal output
can also be attributed to undegraded residue from dietary fibre that was poorly fermented
(Stephen & Cummings, 1979). Therefore, the faecal output increase in dietary fibre consisting
of insoluble and soluble fibre is attributed to an increase in faecal microbial mass and residue
of fibre that has been undegraded (Cho et al., 1997).

Short-chain fatty acids are a by-product of the fermentation of dietary fibre in the distal small
intestine but principally in the colon, which influences satiety (Sleeth et al., 2010). These by-
products include acetate, carbon dioxide, propionate, hydrogen and methane (Lunn & Bulttriss,
2007). The level of fatty acid produced depends on the physicochemical structure of the dietary
fibre (Lunn & Buttriss, 2007). Amongst the many volatile fatty acids produced from the
fermentation of dietary fibre, acetate is the most abundant, comprising about 60% of the SCFA
produced in the hindgut. In contrast, other VFASs such as propionate and butyrate are produced
in lesser amounts (Lunn & Buttriss, 2007). Other functions of SCFA include ensuring
stabilisation of glucose and insulin levels in the blood (Higgins, 2004) as well as stimulating
the production of satiety-related hormones such as Glucagon-like peptide (GLP-1) and peptide
tyrosine tyrosine (PYY; Darzi et al., 2011). Also, in the moment of decreased glucose
absorption in the small intestine, SCFA could serve as an additional energy source (de Leeuw
et al., 2005).

2.7  Dietary fibre and the digestive process

Dietary fibre has a significant impact on the GIT of pigs. Its impact ranges from long term
alteration of the anatomy to the physiological processes of the digestive system in pigs (Wenk,
2001). Also, the fibre in the diet can affect feed intake and influence the digestive conditions in
the stomach and small intestine even before it reaches the large intestine due to its physico-
chemical properties (Souffrant, 2001). In the stomach, the presence of fibre in the diet triggers

an increase in the retention time of the digesta, thereby leading to satiety or reduced feed intake
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(Wenk, 2001). An opposite effect is exhibited in the small intestine; instead, a fibre decreases
the mean retention time of the digesta, thereby creating less time for exposure of the digestive

enzymes to act on it (Bindelle et al., 2008).

Studies had shown an alteration of the epithelial morphology when pigs were fed fibre
containing diets (Agyekum & Nyachoti, 2017). For example, in growing pigs, Jin et al. (1994)
reported enlargement of the villi and deepening of the crypts in the jejunum and ileum for pigs
fed a diet comprising of 10% wheat straw in comparison with the control diet. These findings
were consistent with those found in the studies that fed pigs diet rich in fibre (Jin et al., 1994;
Brunsgaard, 1998; Serena et al., 2008). In addition, reduced transit time in the small and large
intestine and increased peristaltic movement are associated with pigs fed high dietary fibre
(Wenk, 2001). A similar result was reported by Jin et al. (1994) when they observed that fibre
in the diet influences the rate of intestinal cell turnover alongside the intestinal morphology in

pigs. This resultantly affected nutrient digestion, absorption and metabolism.

The ingestion of dietary fibre results in an increase in the size of the organs in the GIT due to
the secretion of digestive juice and enzymes (Agyekum & Nyachoti et al., 2017). For example,
a heavier stomach, large intestine, small intestine and liver weight were reported by two
different studies conducted by Anugwa et al. (1989) and Pond et al. (1989). In their study, pigs
were fed a diet comprising maize-soybean meal and 40% alfalfa meal compared to the control
diet comprising just maize-soybean meal. Similar results were reported by Nyachoti et al.
(2000) and Agyekum et al. (2012). Also, Zebrowska et al. (1983) confirmed this when they
reported a doubling of saliva and gastric juice secretion of growing pigs when they were fed
identical crude fibre content and increasing dietary fibre content (50 to 180g/Kg). Also, with
the increase in dietary fibre, Zebrowska et al. (1983) reported an increased secretion of fluids
of the upper digestive tract and bile and the doubling of the pancreatic juice (Table 2.1). As a
result of the increased secretion of digestive enzymes, effective digestion of feed is anticipated,
and higher activity of secretory organs resulting in enlargement of the organ (Zebrowska et al.,
1983; Zebrowska, 1985; Langlois et al., 1987). Zebrowska et al. (1983) confirmed the findings
of Mosenthin et al. (1994) in a similar experiment using pectin as the source of the soluble
dietary fibre. Similar results have been reported by Langlois et al. (1987), Low (1989), Souffrant
(2001), and Montagne et al. (2004).

Likewise, when growing-finishing pigs were fed diet containing high fibre content (268 g/Kg
DM), as compared to those being fed low dietary fibre (59 g/Kg DM), a significantly heavier

22



stomach, caecum, as well as a heavier and longer colon, was observed (Jargensen et al., 1996).

In fact, an increase in passage rate has been reported for low and highly soluble fibre (Ratanpaul

et al., 2019). Another study conducted by Jargensen et al. (1997) also confirmed this. In this

study, a five to six times increase in the rate of passage measured at the end of the ileum were

associated with pigs that consumed high dietary fibre diets (pea fibre and pectin; 268g/kg) than

pigs fed low dietary fibre (59g/kg). This effect was attributed to the water holding capacity of

the fibre used in the diet. Overall, Table 2.2 shows the general summary of the effect of dietary

on the GIT processes in pigs.

Table 2.1: Dietary fibre and endogenous secretions in the digestive tract of pigs weighing
approximately 50 kg. Adapted from Zebrowska et al. (1983).

Ingredients Purified diet 1 Normal diet
Casein, starch, cellulose, Barley, soybean meal,
vitamin mineral premix  fish  meal, vitamin-

mineral premix

Crude fibre Identical Identical

Dietary fibre g/kg 50 180

Saliva and gastric juice, 4 8

3 per day

Pancreatic juice, 3 per 1.2 1.2

day

Bile, 3 per day 1.2 1.7
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Table 2.2: Summary of effects of soluble and total dietary fibre on rheological properties of the

GIT content and digestion and absorption processes in pigs (Source: Knudsen, 2001)

Dietary fibre
Soluble Insoluble Total
Stomach
Viscosity Kok * *k
WBC ** kK ok
Emptying *(*) * *
Small intestine
Viscosity *k - *
WBC ** *kk *kk
Glucose- *) - -
absorption
Large intestine
Fermentation Fokkk Fokk -
Bulki ng * *kkk KKk
Mean-Transit - Fokok -
Time
Energy
lleum *kk *hhk Fekkk
Faeces - *hkk Fekkk
Keys:
- : No relation

*.x*%* : Relative strengths of relation.

& Water binding capacity

24



2.7.1 Influence of age in the digestibility of fibre

The age of the animal plays a significant role in the digestibility of dietary fibre. This is why
younger animals such as growing or finishing pigs can only digest a small quantity of fibre than
older animals such as Sows (Le Goff & Noblet, 2001). This can be explained by a mechanism
such as an increase in the number of bacteria microflorae with age, more developed GIT as well
as a reduction of the relative feeding level (Dierick et al., 1989; Noblet & Shi, 1993; Varel &
Yen, 1997; Lindberg, 2014). Also, mean retention time through the GIT, nutrient and fibre
digestibility increases with the pig's age (Le Goff et al., 2002; Kim et al., 2007). For instance,
Noblet & Knudsen (1991) observed that younger animals were unable to digest dietary fibre
than adult animals; as a result, there was a more pronounced negative effect of the dietary fibre

on the nutrient and energy digestibility in them.

Similarly, Whittemore et al. (2003) discussed in their study that pigs could get adapted to bulky
food due to the increase in gut size and capacity that comes along with increasing body weight
and age. Also, characteristics such as gut morphology (Jargensen et al., 1996), mucosal maturity
and integrity (Goodlad et al., 1995; Stark et al., 1995; Brunsgaard, 1998), nutrient absorption as
well as the digestive processes in the GIT (Cummings & Englyst, 1995) of pigs is influenced
by the physico-chemical properties of the fibre in the diet. The utilisation of dietary fibre from
a different source varies in pigs (Wenk, 2001). In sows, the digestibility of fibre fractions in a
diet was higher for soybean pulp (0.74) and maise (0.86) than in wheat bran (0.46) (Noblet &
Knudsen, 1991). As a result, the level of dietary fibre influences digestibility and absorption
and the type or source of fibre also play an essential role (Michel & Rerat, 1998; Wenk, 2001).
For example, a reduction of faecal transit time and digestibility of nutrients when diet containing

cellulose and insoluble lignified fibre is fed to pigs (Table 2.3).
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Table 2.3: Effect of dietary fibre on the digestion processes and satiety in animals. Source: Wenk
(2001).
Source  of Slower Achieving Shortening Increasing Energy
dietary fibre the satiety faecal microbial  digestibility
emptying transit time  activity
of the
stomach
leal Faecal
Cellulose Weak Weak Relevant Not Very Very
existing important important
Insoluble, Weak Weak Very Weak Very Very
lignified important important important
Vegetables, Medium Medium  Weak Very Medium Weak
fruit important
Pectins/guar Very Relevant  Weak Very Medium Weak
important important
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2.7.2 Influence of ileal and colonic brake on feed intake

The ileal and colonic brake can influence the quantity of feed consumed by pigs. Colonic and
ileal brake is triggered by undigested nutrients (Black et al., 2009; Lee et al., 2013).
Consequently, this results from the decline in the rate of passage of the digesta. Therefore, this
increases the extent of digestion because of the corresponding increase in time available for
enzymatic digestion to act on the digesta in the small intestine. Therefore, there is a reduction
in feed intake through delayed gastric emptying (Ratanpaul et al., 2019). Including more
quantity of indigestible dietary fibre encourages feed intake, which stimulates the rate of
passage. As a result, the negative influence of ileal brake on feed intake may be compensated
(Campbell, 1988; Black et al., 2009). These findings were consistent with the study conducted
by Vicente et al. (2008), where they reported the effect of feeding cooked rice and maize to pigs
from 25 until 53 days of age. The pigs fed cooked rice had a 23% higher feed intake than pigs
fed cooked maize only.

A similar result has been reported by Mateos et al. (2006), in which piglets were fed cooked
maize and cooked rice in the combination of expanded hulls at an inclusion rate of 20 and 40
g/kg. An increase in feed intake was reported for the piglets fed a combination of rice, and oat
hull, unlike that of the piglets fed cooked maise and oat hull that observed a reduction in feed
intake. This decrease in feed intake for piglets fed a combination of oat hull and cooked maize
may be due to the higher indigestible fibre levels in the maize, increasing the digesta passage
rate, resulting in more maize starch ending up in the distal intestine, thereby activating the ileal
brake.

Furthermore, the conclusions drawn from the critical assessment of the studies mentioned above
confirmed that indigestible dietary fibre exacts the following influence (Ratanpaul et al., 2019).
Firstly, quick activation of the ileal brake of slowly digestible cereal grains, thereby exalting a
negative impact on feed intake (such as reducing feed intake). Secondly, stimulating the rate
of passage of digesta of highly digestible cereal gain, thereby encouraging feed intake and
maximising digestion before the ilea brake has a chance to act. Therefore, these studies have
shown that nutrient digestibility due to the inclusion of dietary fibre impacts feed intake.

Therefore, the following sections will address the role of fibre in nutrient digestibility.
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2.7.3 Effect of dietary fibre on nutrient digestibility

A high fibre diet has been observed to have an adverse influence on nutrient digestibility in
pigs. The extent to which there is a reduction in nutrient digestibility may be due to the type
(such as insoluble/soluble fibre) and level of fibre used, such as high/low fibre levels (Asp,
1996; Wenk 2001; Hopwood et al., 2004). The increased endogenous intestinal nutrient loss
can explain reduced nutrient digestibility due to a high fibre diet (Schulze et al., 1994; Wenk,
2001; Souffrant, 2001; Montagne et al., 2003; Montagne et al., 2004). Besides, the negative
influence of a high fibre diet can also be explained through the following mechanism. The
solubility of the fibre is one such mechanism that influences nutrient digestibility, thereby
affecting transit time and gut fill which impact feed intake. For example, Wenk (2001) reported
a slowdown in the diffusion of substrate and enzymes in the pig's small intestine and an increase
in the viscosity of the digesta, thereby hampering digestion and absorption. In this context, a
similar effect of an increase in digesta's viscosity and reduction in nutrient digestion is also
applicable for other soluble fibre such as guar gum, sugar beet pulp, oats, wheat (Knudsen &
Hansen, 1991; Knudsen, 2001; Owusu-Asiedu et al., 2006).

In contrast, insoluble fibre fed to pigs exhibited a reduction in the passage rate of the digesta,
thus allowing a decrease in the mixing time of other dietary components and digestive enzymes
(Wenk, 2001). For example, similar results were reported from different studies conducted by
Owusu-Asiedu et al. (2006), Wilfart et al. (2007a), Bindelle et al. (2008) and Le Gall et al.
(2009). In these studies, insoluble fibre from corn bran, cellulose and wheat bran were utilised,
also exhibited a decrease in nutrient digestibility due to a reduction in transit time of the digesta.
However, in a study conducted by Urriola & Stein (2010) using DDGS as the insoluble fibre,
there was no effect on the transit time of the digesta. Therefore, this suggests that the varying
effects of the insoluble fibre on the transit time of the digesta differ amongst studies, which
could be explained as a result of interfering factors intrinsic in the fibre found in natural
feedstuffs (Agyekum & Nyachoti, 2017). Nonetheless, when diet containing insoluble NSP
were fed to pigs, the transit time of the digesta in the hindgut was reduced compared to transit
time in the small intestine that remain unaffected (Wenk, 2001; Wilfart et al., 2007a). Similarly,
a diet high in NSP reduces nutrient digestibility because it encapsulates the nutrient, restricting

access to the digestive enzymes for hydrolysis (Wenk, 2001).
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2.7.4 Effect of dietary fibre on starch digestibility

Furthermore, in terms of the effect of dietary fibre on the digestibility of macronutrients such
as starch, several reports have observed that the overall effect of starch digestibility in pigs is
not influenced by the fibre content of the diet (Knudsen & Hansen, 1991; Knudsen et al., 1993;
Hogberg & Lindberg, 2004). For example, a study conducted by Wilfart et al. (2007b)
confirmed no effect on starch digestibility when different inclusion rate of wheat bran was added
to a barley-based diet or a cereal-based diet respectively. However, with an increase in fibre
intake, there may be a reduction in starch digestion and absorption (Jenkins et al., 1987; Serena
et al., 2009).

There is no effect of fibre on starch digestibility because the relatively long length of the small
intestine has been efficiently digested by the time digesta reaches the end of the ileum (Knudsen
& Hansen, 1991). In contrast, the activities of endogenous enzymes, especially carbohydrase,
may be reduced due to the consumption of dietary fibre (Khokhar, 1994). More specifically, in
a study conducted by Wenk (2001), he suggested that a reduction in the transit time of the
digesta was as a result of intake of feed rich in fibre, which resulted in a greater percentage of
the starch passing through the ileum undigested. Similar results of reducing ileal starch
digestibility for growing-finishing pigs were reported by Gao et al. (2015) and Agyekum et al.
(2016) when they included 30% DDGS and 5% inulin to a diet based on the maize-soybean
meal. Thus, reducing the ileal starch digestibility could increase the ileal starch flow (Gao et al.,
2015; Agyekum et al., 2016).

2.7.5 Effect of dietary fibre on protein and amino acid digestibility

Generally, ileal and total tract digestibility tend to reduce with a diet rich in fibre (Agyekum &
Nyachoti, 2017). For example, Buraczewska et al. (2007) observed that when 4% or 8% apple
pectin was added to wheat, maize and soybean meal-based diet, there was a reduction in the
standardised ileal digestibility (SID) of crude protein and amino acid. Similarly, a reduction in
ileal N digestibility was also reported by Schulze et al. (1994) when increasing levels of purified
NDF gotten from wheat bran and diet based on soy isolate and corn-starch were fed to pigs.
Likewise, linear or quadratic reduction in apparent ileal digestibility (AID) and SID of most
amino acids were reported when an increase in the concentration of NDF (from 2.72% to 4.16%)
was caused as a result of the inclusion of soy hulls (3-9%) to soybean meal-maize starch-based
diet (Dilger et al., 2004).
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A plausible explanation for the reduction in both ileal protein and amino acid protein
digestibility in pigs when a diet rich in fibre was consumed is because of the accompanying
increase in the exogenous and endogenous amino acid losses (Nyachoti et al., 1997; Wenk,
2001; Souffrant, 2001), digestion impairment and reduction in crude protein (CP) absorption
(Mosenthin et al., 1994). Similarly, reducing the total tract protein digestibility in pigs may
result from the increased faecal excretion of microflora such as bacterial protein (Nyachoti et
al., 1997; Wenk, 2001; Souffrant, 2001). Likewise, there is an associated decrease in ileal
nitrogen and amino acid digestibility when amino acid and peptides are withheld from digestion

in the small intestine because the fibre absorbs them in the diet (Souffrant, 2001).

2.7.6 Effect of dietary fibre on lipid/fat digestibility

The influence dietary fibre exhibit on lipid digestibility has been widely studied in pigs. For
example, Shi & Noblet (1993) observed a depression in lipid digestibility when a diet containing
high fibre content was fed to pigs. Graham et al. (1986) also reported a reduction in the AID
and the apparent total tract digestibility (ATTD) of fat when beetroot was added to a basal diet.
A similar result was reported by Wilfart et al. (2007a) when growing pigs were fed a cereal-
based diet with a 20% or 40% inclusion level of wheat bran. There are several mechanisms
through which dietary fibre reduces lipid digestion in pigs. One of such methods is through the
digesta passage rate (Agyekum & Nyachoti, 2017). For instance, the time required for the
digestive enzymes to act on the dietary fat is reduced because dietary fibre triggers an increase
in the rate of passage of the digesta (Schneeman & Gallaher, 1985; Story, 1985). However,
another approach of dietary fibre depressing lipid digestibility is through binding with the bile
salt in the duodenum, thereby rendering the bile salts unavailable for emulsification of lipids.
Consequently, there is a reduction in blood cholesterol level due to the additional synthesis of
bile salts from the blood cholesterol (Schneeman & Gallaher, 1985; Story, 1985).

Notably, the type of fibre plays a crucial role in the severity at which lipid digestibility is
reduced (Dégen et al., 2007). In terms of the soluble fibre, substrate-enzyme interaction is
prevented by increasing digesta viscosity elicited by the soluble fibre (Dégen et al., 2007).
However, for insoluble fibre, the transit time of the digesta is reduced, which resultantly
increases the excretion of lipid in the faeces (Dégen et al., 2007). On the other hand, not all
studies have observed decreased lipid digestibility due to dietary fibre inclusion. For example,
there was no effect on lipid digestibility in a study conducted by Le Gall et al. (2009) when pigs
were fed fibre-rich diets containing wheat bran, maize bran, soybean hulls and sugar beet pulp.

Similar results have been reported by Kil et al. (2010) when they fed a purified NDF rich diet.
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Alternatively, an increase in lipid digestibility was reported by other studies. For instance, an
increase in fat digestibility was observed in a study where growing pigs were fed a diet
comprising brans from oats, rye and wheat (Hogberg & Lindberg, 2004). This can be explained
by the fact that fat digestibility is influenced by the solubility of the diet containing a mixture
of different sources of fibre (Le Gall et al., 2009). Their findings were consistent with Gao et
al. (2015), who fed growing pigs a diet containing 5% inulin and 5% sodium

carboxymethylcellulose (CMC).

2.7.7 Effect of dietary fibre on energy metabolism

The influence of dietary fibre exhibit on energy metabolism has also been widely studied in
pigs. The overall effect shows a negative influence of dietary fibre on the pig's energy
metabolism (Agyekum & Nyachoti, 2017). For instance, energy digestibility was reduced due
to lignin in the fibre of the diet (Wenk, 2001). The process through which dietary fibre
influences energy metabolism negatively can be explained through different mechanisms
(Agyekum & Nyachoti, 2017). One such mechanism is that the digestibility of energy-yielding
nutrients such as protein, starch and lipid is generally decreased as a result of the substitution
with cells of the fibre constituent in the diet of the pig, which resultantly leads to the low
digestibility of energy (Urriola et al., 2012; Agyekum & Nyachoti, 2017).

Also, the ingestion of a diet high in fibre that increases the visceral organ mass may be another
mechanism to explain the decrease in energy metabolism (Agyekum & Nyachoti, 2017). A
significant portion of the nutrient and energy supplied to the body are directed to the
maintenance of the visceral organs because they are metabolically active tissue (Yen & Oxygen,
1997; Agyekum & Nyachoti, 2017). More specifically, the visceral organs are jointly drained
by the liver and the portal vein. As a result, it is collectively termed splanchnic tissues (Yen &
Oxygen, 1997; Agyekum & Nyachoti, 2017). Therefore, when the whole body energy demand
is measured in terms of the quantity of oxygen intake, it was reported that the portal vein alone
accounts for nearly 25% (Yen et al., 1989). In addition, Yen & Oxygen (1997) reported that

45% of the whole-body energy demand in pigs is supplied to the splanchnic tissues.

Another mechanism that explains the negative effect of dietary fibre on energy metabolism is
the increased production of amino acids and endogenous nitrogen due to the secretion of
digestive juices and enzymes when dietary fibre is consumed (Agyekum & Nyachoti, 2017).
Consequently, an increase in gut protein turnover is triggered by the increased production of

endogenous nitrogen and amino acid production, improving blood flow and transport of
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digestive products through the digestive tissues (Lobley et al., 1980). As a result, substantial
energy is needed for these processes, increasing the maintenance energy requirement (Wenk,
2001).

2.7.8 Effect of dietary fibre on mineral digestibility

So far, the effect of dietary fibre on mineral digestibility has been inconsistent. In a study
conducted by Moore et al. (1988), they observed that the total tract digestibility of minerals
such as P, Zn, Ca or Mn was not affected by fibre rich diet containing oat hulls alfalfa meal and
soybean hulls inclusion. These findings are consistent with those found in a study carried out
by Vanhoof & De Schrijver (1996) in which pigs fed a diet containing 6% inulin did not affect
the AID and ATTD of P, Ca, Zn and Mg. However, in comparison with the maize-SBM diets,
there was a depression in the per unit of minerals ingested of serum concentration of P, Cu, Ca
and Zn when sows were fed high-fibre-diet containing a mixture of wheat bran, oats, maize-
cobs and oat hulls (Girad et al., 1995).

2.8 Influence of dietary fibre on voluntary feed intake in growing pigs

Dietary fibre has a direct impact on feed intake. Evidence from recent studies has reported that
dietary fibre may influence satiation or satiety (Gerstein et al., 2004). For example, when a diet
containing up to 30% cereal grain co-products were fed to growing-finishing pigs, it did not
elicit a decrease in feed intake (Stein & Shurson, 2009; Gutierrez et al., 2013; Agyekum et al.,
2012; 2014; 2015). Similarly, for other classes of pigs like the low performing dry sow, Wenk
(2001) reported that the inclusion of fibre in the diet increased feed intake. The increase in feed
intake due to the addition of fibre can be explained due to the dilution effect of fibre, which is
based on the mechanism that fibre is a low energy content fraction (Wenk, 2001). Since fibre
reduces not only the DE content but also the nutrient and energy digestibility of the diet (Noblet
& Le Golf, 2001), to meet up with energy requirement, the pig, therefore, increases its feed
intake of the fibre rich diet (Cole et al., 1968; Torrallardona & Roura, 2009).

Furthermore, when there is a steady increase in the fibre concentration, a tipping point is reached
when the pig cannot compensate for the diluting effect, resulting in reduced total dietary intake
(Fowler, 1985). More importantly, pigs' nutrient and energy utilisation can be influenced
negatively by consuming a diet high in fibre (Wenk, 2001; Owusu-Asiedu et al., 2006;
Agyekum et al., 2014;2015). As a result, the amount of energy and available nutrient in the feed
has been reported to depend on the quantity of fibre in the diet due to its diluting effect (Wenk,

2001). Hence, only a minimal inclusion level of fibre is recommended in a pig's diet, especially
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for growing pigs. For instance, a diet composing of high fibre has been observed to increase
satiety (Langhans, 1999; Burton-Freeman, 2000; Slavin & Green, 2007), which greatly reduces
feed and energy intake (Pereira & Ludwig, 2001; Wanders et al., 2011; Agyekum & Nyachoti,
2017). This is because not only does a diet high in fibre contains less metabolisable energy than
adiet low in fibre (Rijnen et al., 1999), but it increases gut fill due to its bulky nature (Kyriazakis
& Emmans, 1995; Owusu-Asiedu et al., 2006; Ndou et al., 2013). This is why the diets of
growing-finishing pigs contain low fibre content to ensure maximum nutrient and energy intake
(Wenk, 2001). Similarly, a diet rich in fibre has been reported to reduce feeding motivation
(Brouns et al., 1995).

Another point to consider is the impact of the physico-chemical properties of fibre on feed
intake. Dietary fibre is composed of non-starch polysaccharide that influences satiety in
monogastric animals, including pigs (de Leeuw et al., 2008; Bolhuis et al., 2010). However,
different types of dietary fibre have a varying effect on satiety levels (Slavin, 2010). The
following section will emphasise the role of the physical and chemical properties of the fibre

and how it exerts an effect on the feed intake or satiety.

2.8.1 The impact of physicochemical properties of the fibre on satiety

The satiating potential of diets with high fibre depends on its physico-chemical properties such
as bulkiness (or water-binding capacity), viscosity, and fermentability (Benelam, 2009;
Wanders et al., 2011; Souza da Silva et al., 2012). These physicochemical properties are
expected to exert their influence on the digestive physiology in various ways throughout the
gastrointestinal tract (Benelam, 2009). For example, through the mechanism in which
mastication time is increased due to the stimulation of the mechanoreceptors in the GIT, the
bulkiness of the fibre can reduce feeding motivation, thereby encouraging satiation (Paintal,
1954; Rolls & Rolls, 1997). Similarly, a reduction in the rate of gastric emptying and the
postprandial glucose response (Hoebler et al., 2000) has resulted in early satiation when viscous,

and gelling fibre is consumed (Georg Jensen et al., 2013).

Similarly, highly viscous fibre has been observed to cause satiety than low viscous fibre (Jensen
et al., 2012). For example, a viscous soluble fibre with physicochemical properties such as high
WHC tends to swell after absorbing more water. Therefore, it increases the bulking capacity of
the feed and leads to gastric distension and reduced gastric emptying rate, thereby increasing
satiety or reduction in feed intake in pigs (Aerni et al., 2000; Marciani et al., 2001; Jarrett &
Ashworth, 2018). It is important to highlight that satiation is the sense of fullness during an

33



eating period, leading to meal termination. On the other hand, satiety is the feeling of fullness
between periods of eating that tend to impede the further continuation of eating (Gerstein et al.,
2004). In a simpler term, while satiety is known as inter-meal satiety, satiation is known as
intra-meal satiety (Blundell et al., 2010). Notwithstanding, this difference in the definition is

mostly ignored in most fibre studies (Svihus & Hervik, 2019)

More specifically, factors such as decreased energy density, chewing and mastication period,
and physico-chemical properties (such as its gelling properties) may facilitate satiation
(Delzenne & Cani, 2005). Also, da Silva et al. (2012) reported that rather than the quantity of
dietary fibre intake, the physicochemical proprieties of the fibre might play a more significant
role in the feeling of satiety. For instance, it was hypothesised that by virtue of the nutrient
trapped within a viscous matrix of viscous dietary fibre, it might lead to delayed gastric
emptying and a delay in nutrient absorption in the small intestine. This could inadvertently
reduce feed intake (Howarth et al., 2001; Ratanpaul et al., 2019).

The fermentability of dietary fibre also plays a significant role in satiety. For example,
prolonged satiety is associated with fibres fermented at the caecum and colon (da Silva et al.,
2012; 2013). To ascertain the impact of the respective dietary fibre physicochemical properties,
a study showed that when adult pigs were fed fermentable fibre, they had less appetite to eat
than fed viscous and bulky fibre (da Silva et al., 2012). Similarly, there was also a considerable
variation between the efficacy of different fibre types regarding fermentability characteristics
such as fermentation kinetics and SCFA-profile (da Silva et al., 2013). For example, butyrate is
produced in large quantities by fermentation of resistant starch than other fibre (Champ et al.,
2003). As a result, high levels of butyrate production could affect satiety and reduce feed intake

due to the increased secretion of satiety-related peptides (Zhou et al., 2006).

Similarly, Bolhuis et al. (2010) reported that a much longer-term, highly fermentable fibre could
potentially stimulate satiety for a longer time, thereby reducing feeding motivation. In this
context, an increase in consumption of dietary fibre will certainly affect the bowel habit of the
animal, not only due to its ability to trigger the production of SCFA and proliferation of
microbes but also as a result of the fibre's water-holding characteristic and mechanical action
(Knudsen, 2001; Figure 6). Also, in terms of the fermentation Kinetics, the differential
characteristics of various fibres may influence their ability to ensure satiation. However, it is
still not known how fermentation kinetics and end-products of fermentation may affect feed

intake or satiety (da Silva et al., 2013).
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Figure 6: Mechanism of action of dietary fibre and undigested carbohydrates in increasing

colonic and faecal weight and bulk. Adapted from Knudsen (2001).

Furthermore, the satiating feeling of dietary fibre is initiated by its underlying mechanisms such
as the dilution effects it produces on the energy content of the feed ingredients (Delzenne &
Cani, 2005), rise in saliva and gastric juice production as a result of increased chewing activity
(D'Eath et al., 2009). Other mechanism includes gastric distension as a result of secretion of
saliva, gastric juice and the high water-binding capacity of bulky fibre (Howarth & Saltzman,
2001, Buttner, 2006), delayed gastric emptying, and resultantly, a reduction in intestinal transit
time (Brownlee, 2011) which triggers the afferent vagal signals of fullness (Howarth &
Saltzman, 2001). In addition, the feeling of satiety is also significantly influenced by the SCFA
(such as acetate, propionate, and butyrate), which are produced by the intestinal microbiome
fermentation of certain types of fibre in the diet (Darzi et al., 2011). Furthermore, the SCFA can

stimulate the cells of the entero-endocrine to produce satiety-related peptides such as PY'Y and
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GLP-1 (Delzenne & Cani, 2005). These peptides can initiate satiety through various
mechanisms that directly affect the central nervous system and gut motility (De Silva & Bloom,
2012). Also, the peptide reduces feed intake through a combination of ways, such as ensuring
digestion and nutrient absorption by delaying gastric emptying, which resultantly slows transit
time (ileal brake; Sleeth et al., 2010).

2.9  Feeding behaviour in pigs: Influence of dietary factors.

It is the natural behavioural inclination of pigs to express their foraging behaviour due to
spending a long time feeding (Konstanze & Kaufmann, 2012). The standard compound feed
used in commercial pig enterprises for growing pigs does not meet these requirements, resulting
in low feeding motivation (Konstanze & Kaufmann, 2012). Many factors, including diet, can
influence feeding behaviour. The quantity and composition and how the diet is presented could
also affect the feeding behaviour of pigs (Brooks, 2005). For example, the time pig spends on
eating and its water demand is influenced by the composition of the diet (Brooks, 2005). Figure
7 shows this relationship. Less satiety resulting from the pig being fed a diet below its voluntary
feed intake capacity (for instance, in gestating sows) can lead to some expression of abnormal
behaviour called stereotypies (Brooks, 2005). Similarly, incidences of vices such as tail biting

and ear or flanks biting are caused by the diet's constituent (Brooks, 2005).

One major dietary factor that affects feeding behaviour is the inclusion of fibre in the diet. The
inclusion of fibre in the diet has resulted in a behavioural response that stimulates a reduction
in feeding motivation in pigs (Brouns et al., 1995; de Leeuw et al., 2008). A reduction in
response is elicited in an operant conditioning test used to measure feed motivation due to a
fibre-rich diet (Day et al., 1996a; Robert et al., 1997). A plausible explanation for this
mechanism is that when pigs are fed a bulky diet due to fibre, a gastrointestinal distention
triggers satiety, thereby spending a long time lying down (Robert et al., 1993; Brouns et al.,
1994). This prolonged inactivity by the pig reduces their stereotypical behaviour (Day et al.,
1996b). For example, when sows are fed fibre rich diet that is bulky, changes in feeding and
stereotypic behaviour are exhibited. In a study conducted by Meunier-Salaun et al. (2001), these
changes include a 20% decrease in feeding rate, a 7-50% reduction in stereotypical behaviour,
and decreased physical activities such as restlessness and aggression, at least doubling in eating
time. Also, studies conducted by Terlouw et al. (1991), Brouns et al. (1994), Bergeron et al.
(2000) and Ramonet et al. (2000) reported a similar effect of reduced stereotypic behaviour

when pigs were fed fibre rich diet.
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Another separate experiment conducted by de Leeuw et al. (2008) reported a 30% reduction in
operant response in feed motivation tests when fed a fibre-rich diet. Another study carried out
by Whittemore et al. (2002) also exhibited a similar response. Their study reported a significant
decrease in feeding rate and an increase in time spent eating when growing pigs were fed a diet
containing a medium level of wheat bran and a high level of sugar beet pulp compared to the
control diet that had a low dietary fibre level. The reduced feeding rate is a result of more time
spent chewing (mastication) because the diet is high in fibre (and as a result, bulky) which
therefore leads to a reduced ingestion speed (Ramonet et al., 1999; Whittemore et al., 2002).
The level to which the feeding rate is reduced and the increased time spent feeding is dependent
on the level of fibre in the diet. For the study reported by Whittemore et al. (2002), the diet with
a high fibre level (sugar beet pulp) stimulated a more pronounced decrease in feeding rate and

increase in time spent feeding than a diet with a moderate fibre level (wheat bran).

Similarly, various studies have reported a reduced feeding rate (Ramonet et al., 1999, Meunier-
Salaun et al., 2001; Konstanze & Kaufmann, 2012) and an increase in feeding time (Robert et
al., 1997; Ramonet et al., 1999; Danielsen & Vestergaard, 2001; Robert et al., 2002; Konstanze
& Kaufmann, 2012). However, not all studies reported the same effect of a high-fibre diet on
the feeding behaviour of pigs. For example, Renaudeau et al. (2003) conducted an experiment
in the tropics where sows were fed a fibre-rich diet containing wheat bran that did not
significantly affect feeding behaviour. Likewise, there is a reduction in the non-feeding visits
to the electronic feeder in a commercial pig production enterprise when sows are fed a diet
containing 20-30% dried sugar beet pulp (Brooks, 2005).

In terms of the activity rate, a study was conducted by Laitat et al. (2015) involving feeding
fattening pigs with either a standard or a high fibre diet (comprising of sugar beet fodder). The
result of the study reported a significant increase in the activity rate of pigs fed a high fibre rich
diet (16.3 vs 10.4% (P < 0. 05)). There was also a significant increase in the feeder occupation
duration (103.4 vs 63.6 min per day per pig (P < 0.01)) for pigs fed the fibre rich diet. Other
studies have also reported this increase in the time spent eating, which could be explained by
the fattened pig spending more time eating to compensate for the dilution effect of the fibre in
the diet (Schrama et al., 1998; Kallabis et al., 2012).

Furthermore, the physico-chemical properties of the fibre have the potential to influence
behaviours in pigs. The physico-chemical properties of the fibre, such as the bulkiness and water

holding capacity, can cause satiety because of its ability to stimulate an immediate post-meal
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effect through influencing mastication time and gut fill (Bolhuis et al., 2010). More specifically,
when the fibre component of the diet fed to growing pigs are fermentable fibre, it initiates
prolonged postprandial satiety, which causes not only a decrease in appetitive behaviour (or
feed motivation) for many hours after feed intake but also a reduction in physical activities (de
Leeuw et al., 2008). The reduction in the pig's physical activity is a coping mechanism that
counterbalances the increased eating time and lowers energy utilisation of the diet, thereby
promoting satiety (Schrama et al., 1998). Even though the physicochemical properties of fibre
has been reported to exact influence feed intake (Kyriazakis & Emmans, 1995; Ndou et al.,
2013), little has been known of its effect on the feeding behaviour in terms of the time spent

eating for growing pigs (Bakare et al., 2013).

Therefore, it is important to highlight that there has been a gap in knowledge on the role dietary
fibre plays in influencing feeding behaviour in growing pigs because most of the studies have
focused on the effect of fibre on the behaviour and welfare of sows. Studies investigating ad
libitum feeding of a diet rich in fibre on feeding behaviour of growing-finishing pigs are limited,
hence this research. Therefore, the experiment aims to investigate the effect of dietary fibre on

the ad libitum feed intake and feeding behaviour of growing-finishing pigs.
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Figure 7: Effect of food quality and quantity on pig behaviour. Adapted from Brooks (2005).
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Chapter 3
Methodology

3.1  Experimental procedure

The effects of diet affecting ad libitum feed intake and their interaction on the feeding behaviour
of 32 growing-finishing pigs were assessed in this study. All pigs were of good health status
and were vaccinated for the necessary disease at the farm before coming to the research facility.
At the start of the study, the pigs were weighed and randomly assigned and exposed to the diets.
The experiment was a 2 x 2 factorial design (2 finisher diets x two sexes), which lasted for ten
weeks, comprising of weeks 1-7 called Period 1 (growing phase) and weeks 8-10 called Period

2 (finisher phase).

The study consisted of two experimental groups. Group 1 (basal) consisted of 16 pigs placed in
two separate pens of 8 males and 8 females and fed an ad libitum equivalent of a commercial
basal diet throughout the study (including the growing and finishing phase). On the other hand,
Group 2 (test) consisted of 16 pigs placed in two separate pens of 8 males and 8 females. They
were started with the same basal diet as the group 1 pigs during Period 1 (growing phase) but
was changed to the test diet (fibre-rich alternative diet) in Period 2 (finisher phase) of the

experiment.

The trial was done at the pig research facility of the monogastric research centre of Massey
University. The experimental protocol was designed according to the guidelines of the current
laws on the care and use of experimental animals. It was approved by the Massey Animal Ethics
Committee (MUAEC 19/125).

3.2. Animals

A total of 32 Duroc x (Large White x Landrace) pigs were used. This consisted of 16 males and
16 females pigs. The initial liveweight was 22.4+2.2 kg for the male and 22.8+1.9kg for the
female. In terms of the group type, initial weights were 23.5+1.1kg and 21.5+2.4kg for the pigs
in Group 1 and Group 2.

The start of each group of pigs used in the experiment was delayed by one week. That is, Group
1 was introduced into the experiment one week before Group 2. This ensured a constant supply
of pigs of similar weight from the commercial farm’s stock to reduce the variation of liveweight.

Similarly, to ensure that the variation in initial liveweight was kept as low as possible, all pigs
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in this study were selected randomly from different groups in the commercial farm. The

individual pig was the experimental unit.

The experiment started with Group 1 (8 males and 8 females), and a week later, another group
of 16 pigs (Group 2) were brought in (8 males and 8 females). It is important to note that the
two groups of pigs spent an equal number of time (10 weeks) in the trial. This was made possible
because the Group 1 pigs were first slaughtered, followed by the Group 2 pigs one week later.

The health status and mortality of the pigs were monitored daily.

3.3 Housing/Pen

The trial was conducted in a closed room with a device installed to control ventilation and
humidity. Ventilation consisted of a fan placed in the ceiling of the research facility controlled
by a thermostat. To simulate commercial conditions, the pigs were housed in groups. The pigs
were randomly assigned in groups of 8 of the same sex. The pigs were allocated into 4 pens.
This comprised 16 males housed in 2 pens (8 males per pen) and 16 females housed in 2 pens

(8 females per pen). The pigs within a pen received the same diet within each period.

The size of the whole pen is measured around 3.44m x 4.2m, with a group density of 1.81m?/pig.
The shape of all pens was designed to be as similar as possible. The walls and floor of the pen
were made of concrete. The floor of the pen consists of a drainage outlet to ensure easy cleaning.
Each pen also contained a designated feeding and sleeping area. The feeding and sleeping area
dimensions are 3.44m x 2.62m and 3.44m x 1.58m. The sleeping area is equipped with a heating
lamp, light, thermometer, and a little air vent to regulate the temperature and ventilation. The
pen also had nipple drinkers connected to a water pipe on the wall in the feeding area (Figure
8). The pigs were individually fed using one single-spaced computerised electronic feeder
(Osborne™ FIRE Feeder) placed in each pen (Figure 8).

The room temperature of the general feeding area for all pens had an average minimum and
maximum temperature of 17.9+2.3°C and 20.9+2.6°C, respectively. Also, the insulated kennel
(sleeping) area of all the pens had an average minimum and maximum temperature of 26+5°C
and 34+3.6°C, respectively. The temperature of the general feeding area and the insulated
kennel (sleeping) area was maintained by putting on or off the heating lamp situated in the
insulated kennel based on how cold or hot the temperature of the pig research facility was. The
pens were cleaned daily. Artificial lights were switched on from 1700 until 0900h because the

period of the experiment coincides with the winter season with shortened daylight reduced.
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Figure 8: Designated areas of the pen used in the study.

3.4  Diet and feeding

Pigs were assigned to two dietary treatments comprising a fibre-rich test diet and a
commercially mixed basal diet. All diets were pelleted. The basal diet equivalent to a
commercial diet (13.5 MJ DE/kg + 0.65 g Lys / MJ DE) was fed at the growing phase (Period
1) for all pigs. However, the finishing phase (Period 2) consisted of two diets (namely the basal
diet and test diet) whose isoproteic and isoenergetic properties were the same. The test diet's
DE and Lys/DE ratio was 13.6 MJ DE/kg and 0.68 g Lys / MJ DE, respectively. The two diets
mainly differed in the level and type of dietary fibre ingredient used in the feed formulation. All
diets were formulated according to standard recommendations for AA profiles (NRC, 2012)
and digestible P (Jondreville & Dourmad, 2005).

Table 3.1 shows the composition of the commercially pelleted basal diet (2mm x 4mm) and the
pelleted test diet (2mm x 4mm) fed to the pigs. The fibre-rich test diet (composed of by-product
feed ingredients) was selected because it is an inexpensive and readily available potential
alternative that could replace other expensive feedstuff components in a commercially mixed
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diet. Therefore, this implies that the satiating effects and feeding behaviour as a result of the
physico-chemical properties of the fibre-rich test diet will be measured by its ability to
overcome the effects of a reduced available energy supply of its fibre-rich nature compared to
the basal diet (da Silva et al., 2013). The test diet was supplemented with synthetic amino acids,
vitamins, and minerals to give similar calculated ratios of protein, amino acids, vitamins, and

minerals to DE as those of the basal diet.

The basal diet was fed to all pigs in the trial for the first 7 weeks (including the Group 1 and
Group 2 pigs). This allows habituation to their pen, group, and electronic feeding station,
followed by a period when the experimental or test diet was introduced. The commercial basal
grower diet was fed from 25 to 55-60 kg. After that, for the remaining 3 weeks of the
experiment, the Group 1 (basal group) pigs were left to continue on the basal diet while the
Group 2 (treatment group) pigs were discontinued from the basal diet and fed the fibre-rich test
diet. Diets were manufactured as a pellet at the Massey University Research Feed Mill.
Throughout the study, the pigs had unlimited access to feed through the electronic feeder and

water through a nipple drinker.
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Table 3.1: The composition and chemical analyses (g/kg as fed) of the two experimental diets.

Composition of the feed ingredients (g/kg as fed)

Test diet Basal diet
Ingredients (g/kg)
Barley 320.5 788.3
Canola meal 200 0.0
Broll (mixture of wheat 150 0.0
middling and wheat bran)
Tallow 35 0.0
Soybean oil 0.0 10
DDGS 250 0.0
Soybean Meal 0.0 160
Lysine 5 2.5
Methionine 1 2
Threonine 2 2
Tryptophan 0.5 0.2
Premix Pig Grower 2 2
Dicalcium phosphate 10 30
Sodium Hydrophosphate 3 2
Salt 1 1
Limestone 20 0.0
Total 1000 1000
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3.5  Chemical analysis
A handful of samples from the two diets were collected every day from the hopper of the
feeders in all the pens, pooled together and kept in an airtight plastic container, subsampled,
and sent to the Massey University Nutrition lab for analysis. The dry matter (DM) was
determined in an oven according to the method 925.10 or 930.16 of AOAC. Total Nitrogen was
determined based on Dumas Combustion method 968.06 of AOAC. Ash was determined by
combusting the sample in a furnace for 4h at 550°C according to method 942.05 of AOAC. The

CP content was calculated as nitrogen percentage multiplied by 6.25.

Also, the samples were analysed for other nutrients such as Calcium (prepared using
AOAC 968.08D followed by colourimetric analysis), Phosphorus (prepared using AOAC
968.08D), Amino Acid Profile (Acid Stable; AOAC 994.12), Cysteine/Methionine (using
performic acid oxidation of AOAC 994.12), Tryptophan (AOAC 2017.03), Fat (AOAC
922.06), Starch (AOAC 996.11, 996.16), Crude fibre (AOAC 962.09/978.10) and
NDF/ADF/Lignin (AOAC 2002.04, 973.18). Similarly, gross energy (GE) was measured using
an adiabatic bomb calorimeter. The composition of the diet is shown in Table 3.1. All nutrients

analysed in this study used a similar AOAC (2005) procedure.

3.6 Measurement
For the duration of the experiment, the pigs were weighed regularly every week, and
measurement on feed intake was carried out by the Osborne™ FIRE (Feed Intake Recording
Equipment) electronic feeder. Parameters associated with feeding behaviour such as Feeder
Occupancy Time (Time Spent Feeding or Feeding Duration), Feeding Rate, and Feeding Visits
were value generated by the Osborne™ FIRE feeder when a pig enters the trough of the feeder
to eat. A sample of fresh faeces was taken and stored in a frozen state on each weighing day

for each pen.

A plastic bag was labelled using masking tape with a sample description written on it. The
weight of the pigs was taken at the start of the trial and subsequently taken every week and
before slaughter. The weighing was done using a conventional weighing machine for the
duration of the experiment. The weighing was done around the same time every week to ensure

consistency and reduce errors.
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3.7  Osborne™ FIRE electronic feeder

In this study, the pigs were fed using an electronic feeder. An example of an electronic
feeder system is the one used in this experiment called the Osborne™ FIRE feeder (Osborne
Industries, Inc., Osborne, Kansas). This electronic feeder system allows for collecting feed
intake of individual pigs while still ensuring the social interaction associated with groups
(Young & Lawrence, 1994). Unlike a commercial electronic feeder with multiple spaces, the
Osborne FIRE™ feeder used in this study is a single-spaced feeder that allows only one pig to
feed at a time, thereby preventing competition between pigs (Figure 9). This is made possible
by a race component that could be adjusted to ensure that only one pig at a time could enter the
feeder. The mechanism for weighing consists of the feed trough, which is made up of fibreglass

and mounted in a frame with its weight-bearing on a load cell (Figure 9).

Each feeder is linked to a control box that contained the FIRE system. The uppermost
component of the feeder consists of the hopper, which serves as an inlet where feed can be
topped. Every day, feed is weighed and put in the hoppers for each of the pens to ensure that
feed is always available for the pigs. Typically, the leftover feed remaining in the hopper and
trough is removed, weighed, and recorded for each pen weekly. The weighted leftover is
removed from the total feed top-up for the week, giving the calculated feed intake for all the
pigs in a pen. This calculated feed intake value is compared to the feed intake value generated

by the electronic feeder for the week to check its accuracy.

Each pig was given a uniquely coded RFID (Radio Frequency Identification) tag clipped
to their right ears. Also, the left ears were clipped with a regular ear tag that contains unique
numbers for each pig to ease identification. When the pig enters the feeding trough, the
identification circuit detects the RFID tag of the pig and immediately records the trough weight
just before the animal starts feeding. When the pig has left after feeding, the electronic system
detects no pig and records the weight of the trough after eating for that pig. When the feeder's

weight in the trough is below a pre-set minimum, the feeder automatically top-up.

Also, top-up can happen when the animal is feeding, as the electronic system can adjust
for the accurate weight during the process. Typically, the exit weight of a pig is usually the
entry weight of another pig. The difference between entry and exit weight of the trough is
recorded as the feed intake for the pig, and it is stored in an excel data file accessible via a
proprietary software (WIinFIRE) installed on a computer. These data can then be downloaded

using the WInFIRE software on the computer. Data were checked daily to ensure that all the
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RFID tags functioned and knew the pigs' health status through their feed intake. Pigs without
any recorded feeding events were checked for health issues and missing or malfunctioning
RFID tags.

The downloaded data consists of a daily summary data and a more detailed event log file
showing all visit as it happens in real-time. Other parameters recorded by the feeder include the
pig's RFID tag, entry time, exit time, top-up amount, date, location, and feed intake for a visit.
Feeding behaviour parameters such as feeding rate, feeder occupation time and the number of
feeding visits are typically calculated from the computer-generated Microsoft Excel data.
Feeder occupation (or time spent feeding) is calculated as the exit and entry time difference.
Feeding rate (g/min) is the feed intake at a visit divided by feeding duration. All feeders were

calibrated at the start of the study and once per week during the experiment.
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Figure 9: A photo of the Osborne™ feeder showing its component as a pig continue

feeding.
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3.8  Data cleaning
Since every visit to the feeder by the pig is recorded, several feeding events data have been
observed to contain a considerable number of errors. This needs to be addressed to improve the
accuracy of the data from the electronic feeder. These errors were due to animal-feeder
interaction interactions and sometimes malfunctioning feeders (Casey, 2003). Therefore, for
accurate feed intake to be determined by the feeder, appropriate editing methods to identify,

edit and correct event data is needed before further analysis of the data (Casey, 2003).

For this study, after data were transferred and filtered from the database, errors in feeding
events data such as visits at the feeders with negative feed intake were deleted. This is simply
because feed intake cannot be a negative value. Any event data from the electronic feeder that
was negative were removed from the final data. For most feeders used in this experiment, this
editing method improved the accuracy of feed estimation. Similarly, pig visits with no feed
consumed were also removed from the data because they did not meet the study's objective.
Feeding event data containing negative entry and exit weight were removed because these could
be errors associated with the sensitivity of the weighing trough in the electronic feeder. Event
data files containing no values (zero) in their exit and entry weight were also removed to
improve the accuracy of the feeder. Feeder occupation time (min) and feeding rate with high

abnormal values were also removed.

3.9  Statistical analysis

After the data obtained from the Osborne™ FIRE feeder was cleaned, the data were sorted
based on the hourly time of the day the animal went for feeding. Before further analysis was
carried out, the condition for non-normality of the data distribution and homogeneity of
variances was assessed using the Shapiro-Wilk and Levene test, respectively. Raw data from
this study were not normally distributed, and the condition of homogeneity of variance wasn’t
met. So, feeding behaviour data such as feeder occupancy time and feeding visit data were log-
transformed to ensure these conditions were met. Similarly, data from feed intake was also
transformed using square roots. However, data from the feeding rate were not transformed as

they met the assumptions for analysis of variance.

The data was sorted on an hourly basis to reflect the diurnal feeding variation during the
study. Diurnal patterns for feed intake traits for the two pig groups in this study were estimated
by summing up the number of feeding visits, mean feeder occupation time per visit, and feeding

rate for each hour of the 24hrs period. Comparison of the hourly means based on the diet
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treatments was carried out using the PROC MIXED function of SAS 9.4 (SAS Institute, Cary,
NC)

Similarly, the model for Feed intake, Feeding Visit, Feeding Rate and Feeder Occupancy
were accounted for by the fixed effects of diet type (test vs basal), Sex (Male vs Females),
Period, Hours, and their interactions. The random effect of the individual pig is nested within
diet type and sex. Each pig was considered an experimental unit during this study, as each
animal was an independent observation, and all animals were raised in the same conditions. For
brevity, only significant effects were reported in the study. Multiple comparisons were made
using the PDIFF (Fisher’s least squared difference method) function of SAS when significant
interactions were found. The Least square means were used to determine the differences in
treatments and the interaction terms. Data presented in tables were re-transformed back to their

original least square means. Differences were considered to be significant at P < 0.05.
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Chapter 4
Results

4.1  Nutrient composition and digestible content of the diet
It is essential to highlight that 32 pigs (comprising 16 males and 16 females) were initially
used at the start of the experiment. However, during the study, one female in the Group 2 was
removed after failing to recover from a sickness. Therefore, this reduced the number of female
pigs to 15 and the total number of pigs to 31. Table 4.1 showed the percentage of nutrients (as-

fed basis) and the amino acid composition of test and basal diets.

Similarly, the gross energy and other nutrients such as crude protein, fat, starch, lignin, dry
matter, ash, and calcium were higher in the test diet than in the basal diet. However, the

phosphorous percentage in the basal diet was higher than it was in the test diet.
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Table 4.1: Nutrient and amino acid composition of the test and basal diets.

Test diet Basal diet
Nutrient composition (as-fed basis)
DM % 88.6 87.2
Ash % 6.2 4.9
CP 18.7 15.6
Fat % 7.7 3.6
Starch % 22.1 35.7
Crude fibre % 6.0 4.2
NDF % 24.6 14.4
ADF% 9.0 4.5
Lignin % 2.9 0.8
Ca (mg/g) 9.2 6.6
P (mg/kg) 8.1 8.5
GE (kj/g) 16.8 15.6
AlA % 0.2 0.4
Amino acids mg/100mg mg/100mg
Aspartic acid 1.18 1.21
Threonine 0.84 0.66
Serine 0.71 0.64
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Glutamic acid
Proline
Glycine
Alanine
Valine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Arginine
Cysteine
Methionine

Tryptophan

3.17
1.24
0.80
0.75
0.91
0.62
1.14
0.57
0.79
0.56
1.05
1.02
0.38
0.40
0.23

3.21
1.26
0.58
0.59
0.75
0.58
1.05
0.54
0.82
0.47
0.85
0.89
0.29
0.40
0.19
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4.2 Hourly frequency of feeding visit.

Table 4.2.1 showed the significant predictors in the mixed model used in predicting
the frequency of feeding visits of the pigs at a particular hour in this study. These significant
predictors will be discussed at length in the following sections. It is important to highlight
that feeding visits can only be positive integer numbers. For example, a pig can only go to
the feeder to feed twice or thrice at a particular time of the day, not 0.8 times. Therefore,

all feeding visit means in this study will be reported to their nearest whole number.

Table 4.2.1:  Significant predictors in the hourly feeding frequency visits

Type 3 Tests of Fixed Effects

Effect Num DF Den DF F Value Pr>F

Hours 23 7269 219.74 <0.0001
Group 1 27 8.04 0.0086

Sex 1 27 0.01 0.9434

Growth-Stage 1 7269 88.99 <0.0001
Hours*Sex 23 7269 7.62 <0.0001
Hours*Group 23 7269 6.91 <0.0001
Hours* Growth-Stage 23 7269 2.55 <0.0001
Hours*Group* Growth-Stage 24 7269 3.21 <0.0001
Hours*Group*Sex 24 7269 7.95 <0.0001
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4.2.1 Effect of hourly progression on the frequency of feeding visit in pigs
Figure 10 showed the frequency of feeding visits during each hour of the day from
midnight (0 hrs) to 11 pm (23 hrs). The time of the day affected the number of times the
pig visited the electronic feeder for food. Generally, Figure 10 showed that the number of
feeding visits increased as the day progressed, with two peaks at 9 am, and 3 pm before it

decreased.

Figure 10 showed that as the hours progressed from 1 am to 3 am; there was no
significant effect on the frequency of feeding visits of the pigs. Around this time of the day,
the pig averagely visits the feeder just once. When the hours progressed from 4 am to 9
am, there was a significant (P<0.05) increase in the number of times the pig visited the
feeder for food. The number of feeder visits between 4 am, and 9 am significantly increased
from once to 7 times. Therefore, this showed that feeding visits in growing-finishing pigs
fed ad-libitum would peak around the hours of 9 am (Figure 10). However, there was no
significant difference between the number of times the pig visited the feeder between 9 am

and 10 am, with both times having seven visits.

After that, the number of feeder visits significantly (P<0.05) from 7 times to 3 times
from 10 am to 12 pm. The number of feeding visits increased in the afternoon from 4 times
to 6 times from 1 pm to 3 pm. During this period (from 1 pm to 3 pm), the increase in the
frequency of feeding visits was significant (P<0.05). Even though statistically, feeding
visits between 3 pm and 4 pm are the same, with a peak at 3 pm, the decline in feeding
visits began to set in from 4 pm. This decline in feeding visit trend continued until 6 am
the following day. However, feeder visits decreased significantly (P<0.05) from 4 pmto 8

pmand 11 pmto 1 am.
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Feeding Visit
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Effect of hourly progression on frequency of feeding visit

Hours

Figure 10: The difference in feeding visit as the day advanced.

Alphabets between two datapoints indicate a significant difference in feeding visits

between the day's corresponding preceding and succeeding hours.

The points in the graph with no alphabet showed no significant difference in feeding
visits between the corresponding preceding and succeeding hours.
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4.2.2 Effect of the group type of the pig on the hourly frequency of feeding visit
The group type of the pigs on the hourly frequency of feeding visit is shown in Table
4.2.2. The result indicates that the group type influenced the number of times the pigs ate
at the feeder in a particular hour of the day. Group 1 pigs visited the feeder less frequently

compared to pigs in group 2 (P=0.0086).

Table 4.2.2:  Least square means and standard error for feeding rate of group 1 and group

2 pigs
Group Number of Feeding Visit S.E? S.E® P-value!
Group 1 2.00? 0.02377 0.0563 0.0086
Group 2 2.76° 0.0246 0.0583

ab'values with different superscripts are significantly different from each other (LSD,

P<0.05)
2 Standard error was not back-transformed to its original form.
3 Standard error was back-transformed to its original form.
! P-value from Table 4.2.1

4.2.3 Effect of the stage of growth of the pig on the hourly frequency of feeding
visit
This study showed that the stage of growth of the pigs had a significant effect on how
frequently the pig visited the feeder for food at a particular time of the day. The growing
phase comprises the first seven weeks of the study. Also, the finishing phase includes the
remaining three weeks of the trials. The research results report that during the growing
phase of the pigs, they visited the feeder more often for food than their finishing phase of

growth at a particular time of the day (P<0.0001; Table 4.2.3).
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Table 4.2.3:  Least square means and standard error for feeding visit in the grower and

finisher phase

Growth-  Feeding Visit S.E? S.E® P-value!
stage

Growing  2.60% 0.01716 0.0403 <0.0001
Phase

Finishing ~ 2.14° 0.01761 0.0414

Phase

ab'values with different superscripts are significantly different from each other (LSD,
P<0.05)

2 Standard error was not back-transformed to its original form.
3 Standard error was back-transformed to its original form.
! P-value from Table 4.2.1

4.2.4 Effect of the sex of the pig on the frequency of feeding visit at a particular
time of the day
As the time of the day progressed, the sex of the pig had a significant (P<0.05) effect
on the hourly frequency of feeding visits. Figure 11 showed a visual presentation of the
effect of sex of the pigs on the hourly feeding visits at a particular hour of the day for this

study

The trend from Figure 11 showed that female pigs had a high frequency of feeder visits
than male pigs. Similarly, this study showed that male and female growing-finishing pigs
eat or visit the feeder at a different time of the day. Also, a total of the feeding visit
frequency for the significant (P<0.05) hours throughout the day showed that the female pig

visited the feeder more often when compared to the male pigs (36 visits vs 28 visits).

At midnight (0 hrs), male pigs showed higher (P=0.0416) feeder visits than female
pigs. Also, from 1 am to 7 am, there was no significant difference (P>0.05) in feeding visits
between the two sexes. However, at 3 am, male pigs significantly (P=0.046) visited the
feeder for feed more frequently than the female pigs. The frequency of feeding visits for
female pigs significantly increased (P>0.05) from 5 times before it peaked at 8 times

between 8 am and 10 am. Female pigs visited the feeder for feed during these hours
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compared to the male pigs (P<0.05). At 11 am, the frequency of feeding visits drastically
declines from 8 to 5 times for the female pigs and 6 to 4 times for the male pigs. However,
at this time (11 am), the female pigs still had a significantly high (P=0.0053) feeding visit

frequency than the male pigs.

Peak feeding visit in the morning usually is at 9 am for the females, and 10 am for the
males. A drop follows this in the feeding visit up to noon. After that, the frequency of
feeding visits continued to increase until 3 pm, but this feeding visit increase was not
significant (P>0.05) between the two sexes. The peak feeding visit was at 3 pm for the
female pigs and 4 pm for the male pigs in the afternoon. At 3 pm, a significant difference
(P=0.0282) in feeding visit frequency between the two sexes was reported, with the 5 visits
for the male pigs and 7 visits for the female pigs. Subsequently, from 3 pm for the female
pigs and 4 pm for the male pigs until 8 am of the following day, a non-significant (P>0.05)
downward trend in the frequency of feeding visits between the sex was observed in this
study. However, at 11 pm, the male pigs significantly (P=0.0233) visited the feeder twice

as much as the female pigs.

Overall, during the period of no daylight (especially late and very early in the
morning), male pigs visited the feeder more often than female pigs. On the other hand, the

female pigs had higher feeder visits during the day than the male pigs.
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Figure 11: Difference in the frequency of feeding visits between the two sexes.

Different alphabets indicate a significant difference in the frequency of feeding visits
between the two sexes at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feeding
visits between sexes at that hour.
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4.2.5 The effect of the group type of the pigs on the frequency of feeding visits
at a particular time of the day

As the day progressed, the pig type significantly (P<0.05) affected the hourly feeding
visits. Similarly, the result of this study showed that growing-finishing pigs belonging to
either group 1 or group 2 had a significantly different (P<0.05) feeding visits frequency at
a particular hour of the day (Figure 12). The trend from Figure 12 showed that that group
2 pigs visited the electronic feeder more often than group 1. Also, the total of the feeding
visits frequency for the significant (P>0.05) hours throughout the day showed that the
group 2 pigs frequently visited the feeder for food compared to the group 1 pigs (36 visits
Vs 28 Visits).

Also, from 5 pmto 4 am of the following day, group 2 pigs had a significantly (P<0.05)
higher feeding frequency than the group 1 pigs. During these hours, the feeding frequency
between both groups of pigs decreased significantly (P<0.05). That is, from 3 to 1 time for
the group 1 pigs, and from 4 to 1 time for the group 2 pigs. However, as the morning
advanced, the frequency of feeding visits increased from 1 time at 5 am to 4 times at 8 am
across both groups. Within this period, the increase in the feeding frequency was not

significant between the two groups of pigs.

The frequency of feeding visits continued to increase. It peaked at 8 visits at 9 am for
the group 2 pigs, and 7 visits at 10 am for the group 1 pigs. At 9 am, group 2 pigs visited
the feeder more frequently (8 times) than group 1 pigs (6 times, P=0.0298). A downward
feeding visit trend followed this until noon. The frequency of feeding visits between the

two groups was not significant (P>0.05) throughout these hours, mostly the same.

After that, the number of feeding visits continued to increase until it peaked at 3 pm
with 5 visits for the group 1 pigs and 6 visits for the group 2 pigs. However, only the
increase in the frequency of feeding visits from 12 pm to 1 pm was significantly different
(P<0.05) between the two groups of pigs. Subsequently, from 3 pm to 4 am the following
day, a decrease in feeding frequency began to set in. However, the decline in the feeding

visit from 3 pm to 4 pm was not statistically significant (P>0.05) between the two groups.
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Figure 12: Difference in the frequency of feeding visits between the groups of pigs.

Different alphabets indicate a significant difference in the frequency of feeding visits
between the two groups of pigs at a particular hour of the day. The points in the graph
with no alphabet showed no significant difference in feeding visits between the two

groups at that hour.
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4.2.6 The effect of the stage of growth of the pig on the frequency of feeding
visits at a particular time of the day

As the time of the day progressed, the growth stage of the pig had a significant
(P<0.05) effect on the hourly feeding visits. Similarly, this study showed that at a particular
hour of the day, the frequency of feeding visits of the pigs was significantly (P<0.05)
affected when the pigs were at either the growing or finishing phase (Figure 13). The trend
from Figure 13 showed that pigs during the growing phase visited the feeder more
frequently compared to when they were at their finishing phase. Also, a total of the feeding
visits frequency for the significant (P<0.05) hours throughout the day showed that during
the growing phase, the pigs frequently visited the feeder for food compared to when they

were at their finishing phase of growth (24 visits vs 17 visits).

From 7 pm to 7 am of the following day, pigs had a significantly (P<0.05) higher
feeding visit frequency than the finishing phase during their growing phase. From 7 pm to
3 am of the following day, the feeding frequency for the growing and finishing phases
decreased significantly (P<0.05) from 2 times to 1. However, as the morning progressed
from 4 am to 7 am, the frequency of feeding visits between both phases increased
significantly (P<0.05) from 1 to 3 times and 1 to 2 times for the growing and finishing

phases.

Likewise, as the time moves from 7 am onwards, the frequency of feeding visits
increased. It peaked at 7 visits at 9 am during the growing phase, and 7 visits at 10 am
during the finishing phase. However, during this period, the increase in the feeding visits
frequency was not significant between both phases (Figure 13). After the peak of both
phases, it is followed by a declining feeding visit trend until noon. During these hours, the
frequency of feeding visits between the two phases was not significant (P>0.05), mostly

the same.

After that, the number of feeding visits continued to increase until it peaked at 3 pm
with 6 visits for both phases. However, only the increase in the frequency of feeding visits
at 1 pm was significantly (P<0.05) different between the two periods. Subsequently, After
the peak of both phases in the afternoon, a significant (P<0.05) decline in the frequency of
feeding visit trend was generally observed from 3 pm to 3 am the following day. However,
the decline in the feeding visit from 3 pm to 6 pm was not statistically significant (P>0.05)

between the two phases.
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Figure 13:

Difference in the frequency of feeding visits between the growing and
finishing phases.

Different alphabets indicate a significant difference in the frequency of feeding visits
between the two growth stages at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feeding
visits between the growth stages at that hour.
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4.2.7 The effect of the group type of the growing pigs on the frequency of
feeding visits at a particular time of the day

Figure 14 showed that, at certain times of the day, the group type of the growing pigs
had a significant (P<0.05) effect on their hourly feed visit frequency. At a particular time
of the day (such asat 5 pmto 2 am, 4 amto 5 am, 7 am, and 9 am), group 2 growing pigs
visited the feeder more often than the group 1 growing pigs (P<0.05; Figurel4). The
feeding visit peaked at 9 am for the group 2 pigs and 10 am for the group 1 growing pigs.
In the afternoon, peak feeding visits was at 3 pm for group 1 and group 2 growing pigs.
Overall, the group 2 pigs visited the feeder during the growing phase than the group 1 pigs.

Effect of the hourly interaction between the growth stage and group type of the growing and finishing pigs on feeding visit
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Figure 14: Difference in feeding visit between the different groups of finishing and

growing pigs.

Different alphabets indicate a significant difference in feeding visits between the two

groups of finishing pigs at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feeding

visits between the groups of pigs at that hour.

Different numbers indicate a significant difference in feeding visits between the two

groups of growing pigs at a particular hour of the day.

The points in the graph with no number showed no significant difference in feeding

visits between the groups of pigs at that hour.

4.2.8 The effect of the group type of the finishing pigs on the frequency of
feeding visits at a particular time of the day

As the day progressed, the pigs' group type affected the hourly feeding visits of
finishing pigs. Similarly, this study showed that at a particular hour of the day, the
frequency of feeding visits of the finishing pigs was significantly (P<0.05) affected by the
group the pig belongs to (Figure 14). The trend from Figure 14 showed that the group 2
pigs visited the feeder more frequently than group 1 pigs during their finishing phase at a
particular time of the day. Also, a total of the feeding visits frequency for the significant
(P<0.05) hours throughout the day showed that the group 2 finishing pigs frequently visited
the feeder for food compared to the group 1 pigs (24 visits vs 13 visits; P<0.05).

During the finishing phase, from 6 pm to 4 am of the following day, the group 2 pigs
visited the feeder significantly (P<0.05) more often than the group 1 pigs. However, at 9
pm, the number of times the pig visited the feeder was the same irrespective of the pig's
groups. Similarly, this means that during this period (from 6 pm to 4 am of the following
day), the feeding visits frequency decreased significantly (P<0.05) from 1 time to O for the
group 1 pigs and 4 times to 1 for the group 2 pigs (Figure 14).

On the other hand, a feeding visit trend is observed as time advanced from 5 am
onwards. This trend continued until it peaked at 9 am for the group 2 pigs and 10 am for
the group 1 pigs. An increase in feeding visits from 5 am to the peak feeding visit time for
the respective groups was observed. That is, an increase from 1 to 6 times for the group 1

pigs and 1 to 7 times for the group 2 pigs. However, during this period, apart from the
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feeding visit at 7 am, the increase in the frequency of feeding visit observed have been
largely non-significant (P>0.05) between the two groups (Figure 14).

After the peak of both groups, it is followed by a declining feeding visit trend until 11
am for the group 2 pigs and noon for the group 1 pigs. During these hours, apart from noon,
the frequency of feeding visits between the two groups was not significant (P>0.05), mostly
the same. Typically, from this time (11 am and 12 pm), it takes 2 hours of inactivity
(because of resting or sleeping) for group 1 or group 2 pigs to begin another round of feed

visits in the afternoon.

After that, the feeding visit continued to increase until it peaked at 3 pm with 6 visits
for both groups. However, only the increase in the frequency of feeding visits from 12 pm
to 1 pm was significantly (P<0.05) different between the two groups of pigs. Subsequently,
after both groups' peak in the afternoon, a significant (P<0.05) decline in the frequency of
the feeding visit trend was generally observed from 3 pm to 6 am. However, the decline in
the feeding visit from 3 pm to 5 pm and at 9 pm was not statistically significant (P>0.05)

between the two groups of finishing pigs.

4.2.9 The effect of the interaction between group type and sex of the pig on the
frequency of feeding visits at a particular time of the day
The frequency of feeding visits is affected by the group type and the sex of the pig
during its feeding visit at a particular time of the day. There is a significant (P<0.0001)

interaction between the time of the day (in hours) and the group type of the male and female
pigs.

4.2.9.1 The effect of the group type on feeding visit in female pigs at a particular
time of the day
The trend from Figure 15 showed that group 2 female pigs visited the feeder more
frequently than group 1 female pigs at a particular time of the day. Also, a total of the
feeding visits for the significant (P<0.05) hours throughout the day confirmed that group 2

female pigs had higher feeder visits than group 1 female pigs (21 visits vs 17 visits).

Female pigs exhibited a significant decline in feeding visit frequency from 6 pmto 11
pm. During this period, feeding visits dropped from 3 to 2 times for the group 2 pigs and
remained at 1 time for the group 1 female pigs. Figure 15 further demonstrated that in the
latter part of the evening, the group 2 female pigs significantly visited the feeder for food

than the group 1 female pigs.
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Likewise, this feeding frequency decline trend continued from midnight to 4 am for
the group 1 female pigs and 5 am for the group 2 female pigs. However, only at 2 am, and
4 am a significant (P<0.05) difference between the two groups. During this period, group

2 female pigs visited the feeder more than group 1 female pigs.

Subsequently, an increase in the frequency of feeding visit trend was observed. This
increase began at 5 am for the group 1 pigs and 6 am for the group 2 pigs. This trend
continued until it peaked at 9 am for the group 2 pigs and 10 am for the group 1 pigs. An
increase in feeding visits was observed until the peak feeding visit times for the respective
groups. The feeding visit increased from 1 to 9 times for the group 1 female pigs and 1 to
8 times for the group 2 female pigs. However, throughout this period, apart from the
feeding visit at 7 am, the increase in the frequency of feeding visit observed have been
largely non-significant (P>0.05) between the two groups (Figure 15). At 7 am, the group 1
female pigs significantly (P<0.01) visited the feeder for food than the group 2 female pigs

(4 visits vs 2 visits).

After the peak of both groups, it is followed by a declining feeding visit trend until
noon for both groups of pigs. During these hours, apart from 11 am, the frequency of
feeding visit between the two groups were not significant (P>0.05), mostly the same. At
11 am, the group 1 female pigs significantly (P>0.01) visited the feeder (7 times) for feed

than the group 2 female pigs (7 visits vs 4 visits).

After that, the number of feeding visits continued to increase until it peaked at 3 pm
with 8 visits for the group 1 female pigs and 6 visits for the group 2 female pigs. However,
this increase in feeding visits was not significantly (P>0.05) different between the two
groups. Subsequently, after the peak of both pigs' groups in the afternoon, a non-significant
(P>0.05) decline in the frequency of feeding visit trend between the two groups was
generally observed from 3 pmto 5 pm. Overall, for the female pigs, the only time the group
1 pigs significantly (P<0.05) visited the feeder to feed more than the group 2 pigs was at 7
am and 11 am. In contrast, in the evening and early morning, group 2 female pigs had

higher feeder visits than group 1 females' pigs.
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4.2.9.2 The effect of the group type on feeding visit in male pigs at a particular time
of the day
The trend from figure 15 showed that group 2 male pigs visited the feeder more
frequently than the group 1 male pigs throughout the study at a particular time of the day.
Also, a total of the feeding visit for the significant hours throughout the day confirmed that
group 2 male pigs visited the feeder more often for food than group 1 male pigs (66 visits
vs 37 visits; P<0.05).

Male pigs exhibited a decline in feeding visit frequency from 4 pm to 4 am the
following day for the group 2 pigs and 5 pm to 4 am the following day for the group 1 pigs.
Feeding visits dropped from 7 to 1 time for the group 2 pigs and 3 to 1 time for the group
1 pigs. Also, there was a significant (P<0.05) decline in the frequency of feeding visits
between the two groups during this period. The group 2 male pigs had a higher feeder visit
than the group 1 male pigs (Figure 15). However, only the feeding visit frequency from 8

pmto 9 pm and 2 am to 4 am was insignificant (P>0.05), the same for the two groups.

Subsequently, an increase in the frequency of feeding visit trend is observed up to a
particular time in the latter part of the morning. This increase began at 5 am for both groups.
This trend continued until it peaked at 9 am for the group 2 pigs and 10 am for the group 1
pigs. From the point of increase to the peak feeding visit time for the respective groups, an
increase in feeding visits from 1 to 5 times for the group 1 male pigs and 2 to 8 times for
the group 2 male pigs was observed. However, during this period, apart from the feeding
visit at 9 am, and 10 am, the increase in the frequency of feeding visit observed have been
largely non-significant (P>0.05) between the two groups (Figure 15). At the 9 am, and 10
am hours, the group 2 pigs had a significantly (P<0.05) higher feeding visits frequency
than the group 1 pigs.

After the peak of both groups, it is followed by a declining feeding visit trend until
noon for both groups of pigs. This declining trend in the frequency of feeding visits
between the two groups is significant (P<0.05). The group 2 male pigs dropped from 8 to
4 times, and the group 1 male pigs dropped from 5 to 2 times. Thereafter, the feeding visit
continued to increase until it peaked at 3 pm with 7 visits for the group 2 pigs and 4 pm
with 4 visits for the group 1 pigs. The increase in feeding visits was significantly (P<0.05)
different between the two groups. The group 2 male pigs had a higher frequency of feeding

visits than the group 1 male pigs.
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Subsequently, after both groups peaked in the afternoon, a significant (P<0.05) decline
in the frequency of feeding visit trend between the two groups of pigs was generally
observed. Overall, the group 2 male pigs had a higher feed visits frequency when compared

to the group 1 male pigs in this study.

Effect of the interaction between sex and group type on frequency of feeding visit at a particular hour
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Figure 15: Difference in feeding visits between the group type of the female and

male pigs.

Different alphabets indicate a significant difference in feeding visits between the two

group types of female pigs at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feeding

visits between groups at that hour.

Different numbers indicate a significant difference in feeding visits between the two

group types of male pigs at a particular hour of the day.

The points in the graph with no number showed no significant difference in feeding

visits between groups at that hour.

4.2.9.3 The effect of the sex of the group 1 pigs on the frequency of feeding visits at a
particular time of the day
The trend from Figure 16 showed that at a particular time of the day (hours), Group 1
female pigs visited the feeder more frequently than group 1 male pigs. Also, a total of the
feeding visits for the significant hours throughout the day confirmed that the group 1 female

pigs visited the feeder more often than the group 1 male pigs (64 visits vs 37 visits; P<0.05).

All group 1 pigs generally exhibited a decline in feeding visit frequency from 4 pm to
4 am for the female pigs, and 5 pm to 4 am for the male pigs. Within this period, feeding
visits dropped from 6 to O times for the female pigs and 3 to 1 times for the male pigs.
However, the only significant (P<0.05) decline in the feeding visit frequency was observed
at the 4 pm, 8 pm, 9 pm, and 12 am hours of the day (Figure 16). This significant difference
was because of the different sex of the pigs. Apart from the feeding visit frequency at
midnight, the group 1 female generally had a significantly (P<0.05) higher feeding visit
than the group 1 male pigs.

Subsequently, an increase in the frequency of feeding visit trend is observed. This
increase began at 5 am for both sexes of the pigs. This trend continued until it peaked at 10
am for both sexes of the pigs. From the increase to the peak feeding visit time for both
sexes, the feeding visit increased from 1 to 9 times for the group 1 female pigs and 1 to 5
times for the group 1 male pigs. Furthermore, during this period, apart from the feeding

visit at 5 am, and 6 am, the increase in the frequency of feeding visit observed have been
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primarily significant (P<0.05) between the two sexes (Figure 16). The group 1 female pigs

visited the feeder to feed more often than the group 1 male pigs.

After the peak hours of both sexes, it is followed by a declining feeding visit trend
until noon for both sexes. During these hours, the frequency of feeding visits between the
two sexes was significantly (P<0.05) different, with the female declining from 9 to 3 visits
and the male pigs from 5 to 2 visits. Notwithstanding, the group 1 female pigs exhibited a

higher feeding visit than the group 1 male pigs during this decline.

Thereafter, at 1 pm, the number of feeding visits continued to increase until it peaked
at 3 pm with 8 visits for the group 1 female pigs and 4 pm with 4 visits for the group 1 male
pigs. Similarly, this increase in feeding visits was significantly (P<0.05) different between
the two sexes, with the group 1 female pigs visiting the feeder more frequently than the
group 1 male pigs. Subsequently, after both sexes' peaked in the afternoon, a decline in the
frequency of feeding visit trend between the two sexes was generally observed until 4 am
the following day. This study observed that the group 1 female pigs were significantly
(P<0.05) observed to visit the feeder than the group 1 male pigs. However, at night and
early in the morning, the group 1 male pigs visited the feeder more frequently than the

group 1 female pigs.

4.2.9.4 The effect of the sex of the group 2 pigs on the frequency of feeding
visits at a particular time of the day

The number of feeder visits by the group 2 pigs is affected by the time of the day and
their sex. The trend from Figure 16 showed that at a particular time of the day (hours),
group 2 male pigs visited the feeder more frequently than group 2 female pigs. Also, a total
of the feeding visits for the significant hours throughout the day confirm that the group 2
male pigs visited the feeder more often than the group 2 female pigs (3 visits vs 2 visits;
P<0.05).

The group 2 pigs exhibited a decline in feeding visit frequency from 3 pmto 4 am and
5 am for the male and female pigs. Within this period, feeding visits dropped from 6 to 1
visit for the group 2 female pigs and 7 to 1 visit for group 2, the male pigs. However, the
only significant decline (P<0.05) in the feeding visit frequency was observed at the 5 am
hours of the morning (Figure 16). This significant difference was due to the different sex
of the pigs. Therefore, the group 2 male pigs visited the feeder far more than the group 2

female pigs (2 visits vs 1 visit).
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Subsequently, an increase in the frequency of feeding visit trend was observed. This
increase began at 5 am for the male pigs and 6 am for the female pigs. This trend continued
until it peaked at 9 am for both sexes of the pigs. From the point of increase to the peak
feeding visit time for both sexes, feeding visits increased from 1 to 8 times for the group 2
female pigs and 2 to 8 times for the group 2 male pigs. Furthermore, during this period,
apart from the feeding visit at 6 am, the increase in the frequency of feeding visit observed
have been largely non-significant (P>0.05) between the two sexes (Figure 16). At 6 am,
the group 2 male pigs significantly (P<0.05) visited the feeder more often than the group 2

female pigs (2 visits vs 1 visit).

After the peak hours of both sexes, it is followed by a declining feeding visit trend
until noon for both sexes. The group 2 female pigs declined from 8 to 3 visits, and the
group 2 male pigs from 8 to 4 visits. During these hours, the frequency of feeding visits
between the two sexes was non-significantly different. Therefore, feeding visit frequency

between sexes during this period was the same.

After that, at 1 pm, the number of feeding visits increased until it peaked at 3 pm with
6 and 7 visits for group 2 female and male pigs. However, this increase in feeding visits
was not significantly different (P>0.05) between the two sexes of the pig. Subsequently,
after the peak of both sexes in the afternoon, a decline in the frequency of feeding visit
trend between the two sexes was generally observed until 4 am and 5 am the following day.
This study observed that the group 2 male pigs significantly visited the feeder than the

group 1 female pigs.
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Figure 16: Difference in feeding visits between the different sexes of group 1 and
group 2 pigs.

Different alphabets indicate a significant difference in feeding visits between the two
sexes of group 1 pigs at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feeding

visits between sexes at that hour.

Different numbers indicate a significant difference in feeding visits between the two

sexes of group 2 pigs at a particular hour of the day.

The points in the graph with no numbers showed no significant difference in feeding

visits between sexes at that hour.
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4.3.  The effect of the growth stage on the feeding visit of the group 1 pigs at
a particular time of the day

Figure 17 showed that, at certain times of the day, the growth stage of the group 1 pigs
had a significant effect on their hourly feeding visit frequency. At all the times of the day
that feeding visits frequency was significant (such as at 12 am to 2 am, 4 am, 12 pmto 1
pm, 7 pm, and 9 am to 10 pm; P<0.05), the group 1 pigs during the growing phase visited
the feeder more often compared to during its finishing phase (Figure 17). The feeding visit
peaked at 10 am for the group 1 pigs during the growing and finishing growth stage. In the
afternoon, peak feeding visits was at 3 pm for the group 1 pigs during the growing and
finishing growth stage. Overall, the group 1 pig visited the feed more frequently than its

finishing phase during the growing phase.
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Figure 17: Difference in the frequency of feeding visits between the growing and

finishing growth stage of the group 1 pigs.

Alphabet between two datapoints indicates a significant difference in feeding visit

between the growing and finishing group 1 pigs.

The points in the graph with no alphabet showed no significant difference in feeding

visits between the growing and finishing group 1 pigs.
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4.4  Time spent feeding

Table 4.4.1 showed the significant predictors in the mixed model used in predicting

the time spent in feeding by the pig in this study. These significant predictors will be

discussed at length in the following sections. It is important to highlight that time spent

feeding and feeding duration would be interchangeably used in this section.

Table 4.4.1:  Significant predictors in the time spent feeding by the pigs

Type 3 Tests of Fixed Effects

Effect Num DF Den DF F Value Pr>F
Hours 23 7269 31.34 <0.0001
Group 1 27 3.69 0.0653
Sex 1 27 5.60 0.0253
Growth-Stage 1 7269 26.50 <0.0001
Hours*Sex 23 7269 2.45 0.0001
Hours*Group 23 7269 6.07 <0.0001
Hours* Growth-Stage 23 7269 3.55 <0.0001
Hours*Group* Growth-Stage 24 7269 2.67 <0.0001
Hours*Group*Sex 24 7269 3.15 <0.0001
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4.4.1. Effect of hourly progression on time spent feeding in pigs
Figure 18 showed how long the pig spent eating during each hour of the day from
midnight (O hrs) to 11 pm (23 hrs). The time of the day has a significant (P<0.05) effect on
how long the pig spends feeding during its visit to the electronic feeder. Generally, figure
18 showed that the pig spends a more prolonged time feeding as the day progressed, with

two peaks at 8 am, and 3 pm before it decreased, respectively.

Figure 18 also showed a declining trend of the time spent feeding (or feeding duration)
as the hours progressed from 4 pm to 3 am. During this period, the time the pigs spent
feeding dropped from 6 to 2 mins. However, for this same period, the only time a significant
(P<0.05) decline in the time spent feeding was observed was from 4 pmto 6 pmand 11 pm

to 12 am the following day.

Subsequently, an increase in the time the pig spends feeding is observed in the
morning. This increasing trend begins at 4 am until it peaked at 8 am. During this period,
the length of time the pigs spent eating increased from 1.99 to 5.86 minutes. Furthermore,
the increase in feeding time was significant (P<0.05) between the preceding and succeeding
hours of the day. However, during this period, the pig's time feeding as the hour progressed
from 3 am to 4 am and 7 am to 8 am were not significant (P>0.05). More specifically, in
the morning, the pig spends a much longer time feeding at 8 am; however, there is no

significant (P>0.05) difference between the time it spends feeding at 8 am and 7 am.

After the peak, it is followed by a significant (P<0.0001) drop in the time spent feeding
by the pig from 5.87 mins at 8 am to 4.18 mins at 9 am. After that, as the hours of the day
progressed from 9 am to 10 am, the time spent feeding began to increase. This increasing
trend in the time spent feeding continued through the morning from 4.46 minutes at 10 am
until it peaked at 3 pm with 6.06 minutes. However, during this period, the increase in the
time spent feeding was not significant. Overall, as the hours progressed in a day, the pigs
are most likely to spend a long time feeding in the afternoon between 3 pm and 4 pm.

Throughout the day, the pigs averagely spend 95.88 mins eating in the feeder.
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Figure 18: Difference in feeding time as the hours progressed in a day.

Alphabets between two datapoints indicate a significant difference in the time spent

eating between the corresponding preceding and succeeding hours of the day.

The points in the graph with no alphabet showed no significant difference in the time

spent feeding between the corresponding preceding and succeeding hours.
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4.4.2 Effect of the sex of the pig on feeding duration
The effect of the sex of the pigs on how long it spends feeding is shown in Table 4.4.2.
The result demonstrates that the feeding duration is influenced by the sex of the pig
(P=0.0253). The male pigs spend a longer time feeding (4.26 mins) than the female pigs
(3.41 mins).

Table 4.4.2:  Least square means and standard error for feeding duration of female and

male pigs.
Sex Feeding duration S.E? S.E® P-value!
(Minutes)
Female 3.4066% 0.02345 0.0555 0.0253
Male 4.2614° 0.02266

0.0536

ab'values with different superscripts are significantly different from each other (LSD,

P<0.05)
2 Standard error was not back-transformed to its original form.
3 Standard error was back-transformed to its original form.
! p-value from Table 4.4.1

4.4.3 Effect of the stage of growth of the pig on feeding duration
This study showed that the stage of growth of the pigs had a significant effect on the
time spent feeding by the pigs. During the growing phase, the pigs spend a longer time in
the electronic feeder eating (4.08 mins) when compared to the finishing phase (3.57 mins)

of the study (P<0.0001; Table 4.4.3).
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Table 4.4.3:  Least square means and standard error for feeding duration of growers and

finisher pigs.
Growth- Feeding-duration S.E? S.E® P-value
Stage (Minutes)
Growing 4.0769° 0.01647 0.0387 <0.0001!
Finishing 3.5667° 0.01742 0.0409

ab'values with different superscripts are significantly different from each other (LSD,
P<0.05)

2 Standard error was not back-transformed to its original form.
3 Standard error was back-transformed to its original form.
! P-value from Table 4.4.1

4.4.4  Effect of the sex of the pig on time spent feeding at a particular time of
the day
As the day progressed, the sex of the pig had a significant (P<0.05) effect on the
duration of feeding. Figure 19 showed a visual presentation of the effect of sex on the

feeding duration at a particular hour of the day for this study

Generally, the hourly progression graph for both sexes of a pig showed that the feeding
duration increased as the day progressed. The first peak was at 8 am for both sexes of pigs,
and it declined (Figure 19). For both sexes of pigs, an increase in the feeding duration trend
was observed at 4 am until it peaked at 8 am. During this period, there was a significant
difference in feeding duration between the two sexes of the pig at 4 am (P<0.0001) and 6
am (P=0.0093). At both times, the male pig spent a long time eating (3.10 mins at 4 am and

4.85 mins at 6 am) compared to the female pigs (1.57 mins at 4 am, and 3.31 mins at 6 am).

After the peak feeding duration in the morning is later followed by a decline in feeding
duration when the day progressed from 8 am to 9 am. The feeding duration of the female
pigs dropped from 5.77 mins to 3.74 mins, while that of the male pigs dropped from 5.95
mins to 4.65 mins. However, at these hours (8 am and 9 am), there was no significant

difference (P>0.05) in feeding duration between both sexes of the pig.

Another round of increased feeding duration in the afternoon started and peaked at 4

pm for the female pigs (Figure 19). In contrast to the female pig, the male pigs exhibited a
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different feeding duration pattern. It peaked at 11 am, followed by another decline. After
that, another increase in feeding duration before finally peaked again at 3 pm (Figure 19).
Nevertheless, only at 11 am was there a significant difference in feeding duration between
both sexes, with the male pigs spending longer time feeding (5.77 mins) compared to the
female pigs (4.14 mins; P=0.019)

After that, another round of decrease in feeding duration up to 3 am the following day
for both sexes from the afternoon peak. Feeding duration reduced from 5.99 mins at 4 pm
and 6.14 mins at 3 pm to 1.34 mins and 2.53 mins at 3 am the following day for the female
and male pigs, respectively. At 9 pm, 11 pm, 12 am, 2 am, and 3 am, the male pigs spent a
significantly (P<0.05) longer time eating in the feeder than the female pigs. Also, a total of
the feeding duration for the significant hours throughout the day showed that the male pig
spends significantly more time eating when compared to the female pigs (30.46 mins vs
19.47 mins; P<0.05).
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Figure 19: The significant difference in feeding duration between the two sexes.

Different alphabets indicate a significant difference in feeding duration between the

two sexes at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feeding

duration between sexes at that hour.

4.4.5 Effect of the group type of the pigs on time spent feeding at a particular
time of the day
As the day progressed, the group type of the pig has a significant (P<0.05) effect on
the duration of feeding. Similarly, the result of this study showed that group 1 and group 2
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growing-finishing pigs had a significantly (P<0.05) different feeding duration at a
particular hour of the day (Figure 20).

Also, feeding duration patterns showed a decreasing trend from 5 pm to 2 am for the
group 1 pigs and 4 pm to 5 am for the group 2 pigs. During this period, except for the 8 pm
and 11 pm time of the day, feeding duration differed between the two groups of pigs.
Feeding duration reduced from 2.88 to 1.29 mins for the group 1 pigs and 4.97 to 2.45 mins
for the group 2 pigs. The group 2 pigs spent a significantly longer time feeding when
compared to the group 1 pigs (P<0.05).

However, as the morning progressed, for the group 1 pigs, an increasing trend in time
spent feeding began from 3 am with 1.40 mins until it peaked at 8 am with 6.46 mins. On
the other hand, the increasing feeding duration for the group 2 pigs began from 6 am with
3.16 mins to 8 am with 5.30 mins. At 3 am, and 4 am, the group 2 pigs significantly
(P<0.05) spent a more extended time feeding than the group 1 pigs (P<0.05). However, this
trend changes from 6 to 7 am, with the group 1 pigs overtaking the group 2 pigs, spending
significantly (P<0.05) longer time feeding.

After the feeding duration peaked in the morning, it is followed by a non-significant
(P>0.05) decline when the day progressed from 8 to 9 am between the groups. The group
1 pigs spent lesser time feeding as the hours progressed from 9 am to 12 pm. It is later
followed by another round of increasing feeding duration in the afternoon and peaked at 3
pm and 4 pm with 6.06 mins and 6.25 mins for the group 2 and group 1 pigs, respectively
(Figure 20). The feeding duration between the two groups of pigs at any particular time

during this increase was not significant.

Overall, the group 2 pigs spent a significantly (P<0.05) longer time feeding from later
in the evening to early in the morning than the group 1 pigs. Also, a total of the feeding
duration for the significant hours throughout the day showed that the group 2 pigs spent
significantly (P<0.05) more time eating when compared to the group 1 pigs (39.63 mins vs
30.22 mins).
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Figure 20: The significant difference in feeding duration between the two groups of
pigs.
Different alphabets indicate a significant difference in feeding duration between the

two groups of pigs at a particular hour of the day. The points in the graph with no alphabet

showed no significant difference in feeding duration between the groups at that hour.
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4.4.6 The effect of the stage of growth of the pig on the feeding duration at a
particular time of the day
As the day progressed, the growth stage of the pig affected the duration of feeding.
Similarly, this study showed that at a particular hour of the day, the time spent feeding by
the pigs was significantly (P<0.05) different when the pigs were at either the growing or

finishing phase (Figure 21).

As the morning progressed, an increasing trend in feeding duration was observed, with
the increase beginning at 3 am for the growing pigs and 4 am for the finishing pigs. The
increase in feeding duration continued until it peaked at 7 am for the growing pigs and 8
am for the finishing pigs. During this period, feeding duration increased from 2.21 to 6.54
mins for the growing pigs and from 1.99 to 6.35 mins for the finishing pigs. At a particular
hour of the morning (such as at 3 am and from 5 am to 7 am), the growing pigs spent a

significantly (P<0.05) longer time feeding compared to the finishing pigs.

After the peak of both phases, it is followed by a declining feeding duration trend until
9 am. During these hours, the time spent feeding between the two growth phases was
insignificant, mostly the same. Subsequently, feeding duration began to increase at 10 am
with 4.19 mins for the growing pigs before it peaked at 1 pm with 6.12 mins. For the pigs
at the finishing stage of growth, feeding duration increased at 10 am with 4.75 mins, then
peaked at 11 am with 5.13 mins before dropping to 4.10 mins at 1 pm. After that, another
round of increase in feeding duration began at 2 pm with 5.44 mins; then it peaked at 4 pm
with 6.65 mins. However, during this period, only from 12 pm to 1 pm, there was a
significant (P<0.05) difference in feeding duration, with the growing pigs spending a longer

time than the finishing pigs (Figure 21).

Subsequently, after the afternoon peak, a decline in the feeding duration was observed
from 2 pm to 2 am for the growing pigs and 5 pm to 3 am for the finishing pigs. However,
only at certain hours of the day (such as 5 pm, 9 pm, 10 pm, and 12 am to 1 am), there was
a significant (P<0.05) difference in feeding duration between the two growth phases. Also,
the feeding duration for the significant (P<0.05) hours throughout the day showed that the
growing pigs spent a long time eating compared to the finishing pigs (47.36 mins vs 36.09

mins).
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Figure 21: Difference in feeding duration between the different growth stages of the
pigs.
Different alphabets indicate a significant difference in feeding duration between the

two growth stages at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feeding
duration between growth stages at that hour.
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4.4.7 The effect of the interaction between group type and growth stage of the
pig on the hourly feeding duration
The hourly feeding duration is affected by the interaction between the group type and
the growth stage of the pig. There is a significant (P<0.0001) interaction between the time
of the day (in hours) and the group type of the growing and finishing pigs.

4.4.7.1 The effect of the group type of the growing pigs on the frequency of feeding
duration at a particular time of the day.

Figure 22 showed that, at certain times of the day, the group type of the growing pigs
had a significant (P<0.05) effect on their hourly feeding duration. At a particular time of
the day (such as at 12 am to 2 am, 6 pm, and 8 pm to 9 pm), group 2 growing pigs spent a
more extended time feeding than the group 1 growing pigs (P<0.05; Figure 22). The
feeding duration peaked at 7 am for the group 1 pigs and group 2 growing pigs. In the
afternoon, peak feeding duration was at 2 pm for group 1 and 1 pm for the group 2 growing
pigs. Overall, the group 2 pigs spent more prolonged time feeding during the growing phase

than the group 1 pigs.
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Figure 22: Significant difference in feeding duration between group 1 and group 2

growing and finishing.

Different alphabets indicate a significant difference in feeding duration between the

two groups of finishing pigs at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feeding

duration between the two groups at that hour.

Different numbers indicate a significant difference in feeding duration between the

two groups of growing pigs at a particular hour of the day.

The points in the graph with no number showed no significant difference in feeding

duration between the two groups at that hour.
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4.4.7.2 The effect of the group type of the finishing pigs on time spent feeding
at a particular time of the day
At certain hours of the day, the group type of the finishing pigs had a significant
(P<0.05) effect on feeding duration. A total of the feeding duration for the significant hours
throughout the day showed that the group 2 finishing pigs generally spent a longer time
(33.43 mins vs 24.15 mins) feeding than the other group 1 finishing pigs.

As the morning progressed, an increasing trend in feeding duration was observed, with
the increase beginning at 4 am for the group 1 finisher pigs, and 7 am for the group 2
finisher pigs. The increasing feeding duration continued until it peaked at 8 am for group
1 and group 2 finisher pigs. During this period, feeding duration increased from 1.26 to
7.64 mins for the group 1 pigs and 2.64 to 5.25 mins for the group 2 finishing pigs. At a
particular hour of the morning (such as from 6 am to 7 am), group 1 finishing pigs spent a
significantly (P<0.05) more prolonged time feeding than group 2 finishing pigs. On the
other hand, at 4 am, the group 2 pigs spent a more extended time feeding than the group 1
pigs (P=0.0024; Figure 22).

After the morning peak of both groups, it is followed by a declining feeding duration
trend until 9 am with 3.64 mins for the group 2 pigs and noon with 3.59 mins for the group
1 pigs. For the group 2 pigs, the feeding duration began to increase. It increased from 10
am with 4.65 mins and peaked again at 11 am with 5.53 mins, before dropping to 4.32 mins
at 1 pm. After that, another round of increased feeding duration for the group 2 pigs began
at 2 pm with 6.05 mins, then peaked at 5 pm with 6.97 mins. For the group 1 finishing pigs,
the increasing feeding duration began at 1 pm with 3.88 mins before it peaked at 4 pm with
6.88 mins. Generally, there was no significant difference between the two groups on the

feeding duration within the above reported period of the day (Figure 22).

Subsequently, after the peak of both groups in the afternoon, a declining trend in
feeding duration was generally observed. The feeding duration for the group 1 pigs
declined from 5 pm with 4.71 mins to 3 am with 0.94 mins. Feeding duration for the group
2 pigs also declined from 6 pm with 5.65 mins to 6 am with 2.01 mins. Throughout this
period, there was a significant difference between the two groups at certain hours of the
day (such as at 6 pmto 7 pm, 10 pm, 12 am to 4 am, and 6 am). Within this period, group
2 finishing pigs spent more time eating than group 1 finishing pigs (P<0.05).
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4.4.7.3 The effect of the growth stage on the feeding duration of the group 1 pigs at
a particular time of the day
Figure 23 showed that, at certain times of the day, the growth stage of the group 1 pigs
had a significant (P<0.05) effect on their hourly feeding duration. The group 1 pigs during
the growing phase had extended feeding time compared to during its finishing phase at a
specific time of the day (such as 12 am, 2 am to 4 am, 12 pm to 1 pm, 7 pm and 10 pm).

However, at 8 am, the group 1 pigs spent more time feeding during their finishing
phase than during their growing phase. The feeding duration peaked at 7 am for the group
1 pigs during the growing phase and 8 am during the finishing growth stage. In the
afternoon, peak feeding visits was at 2 pm for the group 1 pigs during the growing phase
and 4 pm during the finishing growth stage. Overall, the group 1 pig spent a long time
feeding during the growing phase compared to its finishing growth phase.

Feeding duration between the growing and finishing group 1 pigs at a particular hours
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Figure 23: The difference in feeding duration between the growing and finishing

growth stage of the group 1 pigs.
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Alphabets between two datapoints indicate a significant difference in feeding duration

between the growing and finishing group 1 pigs.

The points in the graph with no alphabet showed no significant difference in feeding

duration between the growing and finishing group 1 pigs.

4.4.8 The effect of the interaction between group type and sex on feeding
duration of pigs at a particular time of the day
The time spent feeding is affected by the group type and sex of the pig at a particular
time of the day (P<0.0001).

4.4.8.1 The effect of group type of female pigs on feeding duration at a particular
time of the day
At certain hours of the day, the group type of the female pigs had a significant (P<0.05)
effect on feeding duration. Also, a total of the feeding duration for the significant hours
throughout the day showed that the group 2 female pigs generally spent a significantly
(P<0.05) longer time (40.04 mins vs 22.36 mins) feeding compared to the other group 1

female pigs.

As the morning progressed, an increasing trend in feeding duration was observed. The
increase began at 5 am for group 1 female pigs and 6 am for group 2 female pigs. The
increase in feeding duration continued until it peaked at 8 am for both groups of female
pigs. During this period, feeding duration increased from 2.64 to 5.71 mins for the group 1
pigs and from 2.41 to 5.84 mins for the group 2 pigs (Figure 24). At 6 am, the group 1
female pigs spent a significantly longer time feeding than the group 2 female pigs (4.44
mins vs 2.41 mins; P=0.0068).

After the morning peak of both groups, it is followed by a declining feeding duration
trend until 9 am with 3.93 mins for the group 2 pigs and 11 am with 3.04 mins for the group
1 pigs. At 11 am, the group 2 female pigs spent a significantly (P=0.0055) longer time
feeding when compared to the group 1 female pigs (5.54 mins vs 3.04 mins). For the group
2 pigs, the feeding duration increased again from 10 am with 4.52 mins and peaked at 2
pm with 6.68 mins. On the other hand, for the group 1 female pigs, an increase in feeding
duration began at noon with 3.71 mins, then peaked at 4 pm with 5.83 mins. Generally,
there was no significant difference between the two groups of female pigs on the feeding

duration during that time of the day.
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Subsequently, after the peak of both groups in the afternoon, a declining trend in
feeding duration was generally observed. Feeding duration for group 1 pigs declined from
5 pm with 4.37 mins to 4 am with 0.93 mins. The group 2 pigs also declined from 3 pm
with 6.14 mins to 5 am with 2.33 mins. During this period, there was a significant
difference between the two groups of female pigs during certain hours of the day (such as
from 6 pm to 10 pm, 12 am, and 2 am to 4 am). The group 2 pigs spent more time eating
than the group 1 pigs (P<0.05; Figure 24). Overall, group 2 female pigs spent a significantly
(P<0.05) longer time feeding later in the evening to very early in the morning than the
group 1 female pigs (34.50 mins vs 19.33 mins).

4.4.8.2 The effect of group type of the male pigs on feeding duration at a particular
time of the day
At certain hours of the day, the group type of the male pigs affected feeding duration.
Also, a total of the feeding duration for the significant hours throughout the day showed
that the group 1 male pigs generally spent a significantly (P<0.05) longer time feeding
(35.16 mins vs 34.38 mins) compared to the group 2 male pigs.

As the morning progressed, an increasing trend in feeding duration was observed. The
increase began at 3 am for group 1 male pigs, and 4 am for group 2 male pigs. The
increasing feeding duration continued until it peaked at 8 am for group 1 and group 2 male
pigs. During this period, feeding duration increased from 1.97 mins to 7.30 mins for the
group 1 pigs and from 3.58 mins to 4.81 mins for the group 2 male pigs (Figure 24). At 3
am, the group 2 male pigs spent a significantly (P=0.0402) longer time feeding than the
group 1 male pig (3.20 mins vs 1.97 mins). However, from 7 am to 9 am, the group 1 male

pigs spent a long time feeding than the group 2 males' pigs (P<0.05).

After the morning peak of both groups, it is followed by a declining feeding duration
trend until 10 am with 5.69 mins for the group 1 pigs and 9 am with 3.62 mins for the group
2 pigs. After that, another round of increased feeding duration for the group 1 male pigs
began at 11 am with 6.62 mins before dropping to 5.48 mins at noon. At 1 pm, the feeding
duration for group 1 male pigs began to rise before it peaked at 4 pm with 6.7 mins. For
the group 2 male pigs, the feeding duration increased again from 10 am with 4.22 mins and
peaked again at 3 pm with 5.98 mins. Generally, there was no significant difference
between the two groups on the feeding duration of the male pigs during this period of the

day.
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Subsequently, after the peak of both groups in the afternoon, a declining trend in
feeding duration was generally observed. For the group 1 pigs, the decline in feeding
duration started from 5 pm with 4.68 mins to 2 am with 1.97 mins. For the group 2 pigs,
the decline started from 4 pm with 5.61 mins to 3 am with 3.20 mins. During this period,
the feeding duration differed between the two groups at certain hours of the day (such as
at 10 pmand 12 am to 3 am). The group 2 male pigs spent more time eating than the group
1 male pigs (P<0.05; Figure 24). However, at 8 pm, group 1 male pigs spent a long time
feeding than the group 2 male pigs (4.40 mins vs 2.81 mins; P=0.0378).

Effect of the interaction between Sex and Group type of the pig on Feeding Duration at a particular hours
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Figure 24: The significant difference in feeding duration between the different groups

of the female and male pigs.
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Different alphabets indicate a significant difference in feeding duration between the

group 1 and group 2 female pigs at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feeding

duration between the two groups at that hour.

Different numbers indicate a significant difference in feeding duration between group

1 and group 2 male pigs at a particular hour of the day.

The points in the graph with no number showed no significant difference in feeding

duration between the two groups at that hour.

4.4.8.3 The effect of sex of the group 1 pigs on feeding duration at a particular time
of the day

At certain hours of the day, the sex of the group 1 pigs affected feeding duration. Also,

a total of the feeding duration for the significant (P<0.05) hours throughout the day showed

that group 1 male pigs had a prolonged feeding duration than group 1 female pigs (44.37

mins vs 24.21 mins).

As the morning progressed, an increasing trend in feeding duration was observed. The
increase began at 5 am for group 1 female pigs and 2 am for group 1 male pigs. The
increasing trend in feeding duration continued until it peaked at 8 am for both sexes of the
group 1 pigs. During this period, feeding duration increased from 2.64 to 5.71 mins for the
group 1 female pigs and from 1.82 to 7.30 mins for the group 1 male pigs (Figure 25). As
the hours progressed from 2 am to 4 am, the group 1 male pigs spent a significantly

(P<0.05) more extended time feeding than the group 1 female pigs.

After the morning peak of both sexes, it is followed by a declining feeding duration
trend until 11 am with 3.04 mins for the group 1 female pigs and 10 am with 5.69 mins for
the group 1 male pigs. After that, another round of increased feeding duration for the group
1 male pigs began at 11 am with 6.62 mins before it dropped again to 5.48 mins at noon.
At 1 pm, the feeding duration for group 1 male pigs began to rise before it peaked at 4 pm
with 6.7 mins. For the group 1 female pigs, the feeding duration increased at noon with
3.71 mins before it peaked at 4 pm with 5.83 mins. From 9 am to 1 pm, there was a
significant (P<0.05) effect on feeding duration. As a result, the group 1 male pigs spent a

more extended time feeding when compared to the group 1 female pigs.
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Subsequently, after the peak of both sexes in the afternoon, a declining trend in feeding
duration was generally observed. Feeding duration for the group 1 female pigs reduced
from 5 pm with 4.37 mins to 4 am with 0.93 mins. Also, feeding duration for the group 1
male pigs reduced from 5 pm with 4.68 mins to 1 am with 1.47 mins. From 8 pmto 9 pm,
there was a significant (P<0.05) difference between the sexes during this period. The group
1 male pigs spent a significantly (P<0.05) longer time eating than the group 1 female pigs
(Figure 25). Overall, group 1 male pigs will significantly (P<0.05) spend a long time

feeding compared to group 1 female pigs at certain hours of the day.

4.4.8.4 The effect of sex of the group 2 pigs on feeding duration at a particular time
of the day
At certain hours of the day, the sex of the group 2 pigs affected feeding duration. Also,
a total of the feeding duration for the significant (P<0.05) hours throughout the day showed
that the group 2 male pigs had an extended feeding duration than the group 2 female pigs
(26.89 mins vs 22.04 mins).

As the morning progressed, an increasing trend in feeding duration was observed.
Feeding duration began to increase at 6 am for the group 2 female pigs, and 4 am for the
group 2 male pigs. The increasing trend in feeding duration continued until it peaked at 8
am for both sexes of the group 2 pigs. During this period, the group 2 pigs' feeding duration
increased from 2.41 to 5.84 mins for the female pigs and from 3.58 to 4.81 mins for the
male pigs (Figure 25). As the day advanced from 5 am to 6 am, the group 2 male pigs spent

a significantly longer time feeding than the group 2 female pigs (P<0.005).

After the morning peak of both sexes, it is followed by a declining feeding duration
trend until 9 am for both sexes, with 3.93 mins for the group 2 female pigs and 3.62 mins
for the group 2 male pigs. Thereafter, another round of increased feeding duration for the
group 2 male pigs began at 10 am with 5.02 mins then peaked at noon with 5.70 mins. It
dropped again to 4.90 mins at 1 pm, began another feeding duration increase trend, and
peaked at 3 pm with 5.98 mins. For the group 2 female pigs, feeding duration began to
increase at 10 am with 4.52 mins, then peaked at 2 pm with 6.68 mins. From 7 am to 3 pm,
there was no significant difference between the two sexes on feeding duration during this

period.

Subsequently, after the peak of both sexes in the afternoon, a declining trend of feeding

duration was generally observed. For the group 2 female pigs, feeding duration dropped
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from 3 pm with 6.14 mins to 5 am with 2.33 mins. Feeding duration also dropped from 4
pm with 5.61 mins to 1 am with 3.21 mins for the group 2 male pigs. Within this period, at
certain hours of the day (such as at 11 pm, 12 am, and 3 am), there was a significant
(P<0.05) difference between the sexes. The group 2 male pigs spent a significantly longer
time eating than the group 2 female pigs (Figure 25). However, from 7 pm to 8 pm, the
group 2 female pigs spent a more extended time feeding than the group 2 male pigs
(P<0.05). Overall, for all group 2 pigs, the male pigs significantly (P<0.05) spent a long

time feeding compared to the female pigs at certain hours of the day.

Effect of the interaction between Sex and Group type of the pig on Feeding Duration at a particular hours
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Figure 25: The significant difference in feeding duration between the different sexes

of the group 1 and group 2 pigs.

Different alphabets indicate a significant difference in feeding duration between the
two sexes of the group 1 pigs at a particular hour of the day. The points in the graph with
no alphabet showed no significant difference in feeding duration between sexes at that

hour.
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Different numbers indicate a significant difference in feeding duration between the
two sexes of the group 2 pigs at a particular hour of the day. The points in the graph with

no number showed no significant difference in feeding duration between sexes at that hour.

45  Hourly feed intake
Table 4.5.1 showed the significant predictors in the mixed model used in predicting
the pigs' hourly feed intake. These significant predictors will be discussed at length in the

following sections.

Table 4.5.1:  Predictors significant in predicting hourly feed intake of the pigs.

Type 3 Tests of Fixed Effects

Effect Num DF Den DF F Value Pr>F
Hours 23 7267 30.75 <0.0001
Group 1 27 0.00 0.9692
Sex 1 27 4.88 0.0359
Growth-Stage 1 7267 281.66 <0.0001
Group*Sex 1 27 4.46 0.0441
Hours*Sex 23 7267 1.92 0.0050
Sex*Growth-Stage 1 7267 4,52 0.0335
Hours*Group 23 7267 7.70 <0.0001
Hours*Growth-Stage 23 7267 5.30 <0.0001
Hours*Group*Growth-Stage 23 7267 3.60 <0.0001
Hours*Group*Sex 23 7267 2.48 0.0001
Group*Sex*Growth-Stage 1 7267 8.08 0.0045
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4.5.1 Effect of hourly progression on feed intake in pigs
Figure 26 showed the amount of feed (in kg) consumed by the pigs during each hour
of the day from midnight (0 hrs) to 11 pm (23 hrs). The time of the day had a significant
(P<0.05) effect on the quantity of feed consumed by the pig during its visit to the electronic
feeder. Generally, Figure 26 showed that the pig consumed more feed as the day

progressed, with two peaks at 8 am and 4 pm before it decreased, respectively.

Also, Figure 26 showed a declining trend in feed intake as the hours progressed from
4 pm to 3 am the following day. During this period, the quantity of feed consumed by the
pigs dropped from 0.195 to 0.049 kg. However, during this period, the only time a
significant (P<0.05) decline in feed intake was observed was from 4 pmto 6 pmand 11 pm

to 12 am the following day.

Subsequently, an increase in the feed intake of the pig was observed in the morning.
This increasing trend began at 4 am until it peaked at 8 am. During this period, the feed
intake of pigs increased from 0.049 to 0.179 kg. Furthermore, the increase in feed intake
has mainly been significant (P<0.05) between the preceding and succeeding hours of the
day. However, during this period, the feed intake of the pig as the hour progressed from 4

am to 5 am were not significant (P>0.05).

After the peak, it is followed by a significant (P=0.0002) drop in feed intake by the
pigs from 0.179 kg at 8 am to 0.130kg at 9 am. After that, as the hours of the day progressed
from 9 am to 10 am, the feed intake of the pigs began to increase until it peaked again at
11 am. It is then followed by another round of decreasing trends in feed intake until 1 pm.
After that, at 2 pm, the feed intake trend continued to go up until it peaked at 4 pm.
However, during this period, the increase in the feed intake of the pig was not significant.
Overall, as the hours progressed in a day, the pigs are most likely to consume a large
quantity of feed at 4 pm. Throughout the day, the pigs averagely consumed 2.952 kg of

feed from the electronic feeder.
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Effect of hourly progression on feed intake in pigs
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Figure 26: Difference in the feed intake of pigs as the hours progressed in a day.

Alphabet between two datapoints indicates a significant difference in the feed intake

of pigs between the corresponding preceding and succeeding hours of the day.

The points in the graph with no alphabet showed no significant difference in feed

intake between the corresponding preceding and succeeding hours.
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4.5.2 Effect of the sex of the pig on the hourly feed intake
The effect of the sex of the pigs on the hourly feed intake is shown in Table 4.5.2. The
result showed that the pigs' hourly feed intake is influenced by their sex (P=0.0359). The

male pigs consumed more feed throughout the study than the female pigs (0.134 kg vs
0.105 kg; P=0.0359).

Table 4.5.2:  Least square means and standard error for the hourly feed intake of female
and male pigs.
Sex Feed Intake S. E? S.E® P-value!
(Kg)
Female 0.105% 0.0137 0.0002 0.0359
Male 0.134°

0.0133 0.0002

ab'values with different superscripts are significantly different from each other (LSD,
P<0.05)

L p-value from Table 4.5.1

2 Standard error was not back-transformed to its original form.

3 Standard error was back-transformed to its original form.

4.5.3 Effect of the stage of growth of the pig on the hourly feed intake
The effect of the pig's growth stage on the hourly feed intake is shown in Table 4.5.3.
This study showed that the growth stage of the pigs had a significant (P<0.001) effect on
the hourly feed intake of the pigs. The pigs consumed more feed throughout the study

during the finishing phase of growth than the growing growth phase (0.148 kg vs 0.093
kg).
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Table 4.5.3:

Least square means and standard error for the hourly feed intake of grower

and finisher pigs

Growth-  Feed S.E? S.E® P-value!
Stage Intake

(Kg)
Growing ~ 0.093% 0.009597  0.0000921024 <0.0001
Phase
Finishing  0.148° 0.01007 0.000101405
Phase

ab'values with different superscripts are significantly different from each other (LSD,

P<0.05)

L p-value from Table 4.5.1

2 Standard error was not back-transformed to its original form.

3 Standard error was back-transformed to its original form.

4.5.4 Effect of the interaction between the group type and sex of the pig on

hourly feed intake

Table 4.5.4 showed the interaction between the sex and the group type of the pig on

the hourly feed intake. The result showed that the interaction between the group type and

the sex of the pigs had a significant (P=0.0441) effect on the hourly feed intake of the pigs.

Table 4.5.4 showed that the only significant interaction observed was between the two

sexes of the group 1 pigs (P=0.0044).

As a result, group 1 male pigs consumed more feeds than group 1 female pigs (0.149

kg vs 0.092kg). In contrast, group 2 female and male pigs consumed the same quantity of

feed (0.118 kg vs 0.119 kg; P=0.9468). Male pigs in group 1 and group 2 also consumed

the same amount of feed (0.149 kg vs 0.119 kg; P=0.1334). Similarly, female pigs in group

1 and group 2 also consumed the same quantity of feed (0.092 kg vs 0.118 kg; P=0.1611)
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Table 4.5.4:  Least square means and standard error for the hourly feed intake between

the group type and sex of the pig.

Group and Sex Interaction Feed Intake S. E? S.E® P-value!
(Kg)
Group 1 Female 0.0922 0.01874 0.0003512 0.0441
Male 0.149° 0.01874 0.0003512
Group 2 Female 0.118% 0.02004 0.0004016
Male 0.119% 0.01874 0.0003512

a b-ab \/alues with different superscripts are significantly different from each other
(LSD, P<0.05)

! P-value from Table 4.5.1
2 Standard error was not back-transformed to its original form.
3 Standard error was back-transformed to its original form.

4.5.5 Effect of the interaction between the growth stages and sex of the pig on
the hourly feed intake

Table 4.5.5 showed the interaction between the growth stages and sex of the pig on the
hourly feed intake. This study showed that the interaction between the growth stages and
the sex of the pigs had a significant (P=0.0335) effect on the hourly feed intake of the pigs.
Table 4.5.5 also showed that female pigs consumed more feed on an hourly basis during
the finishing phase compared to their growing phase (0.129kg vs 0.083 kg; P<0.0001).
Similarly, the male pigs also consumed more feed on an hourly basis during their finishing
stage than in the growing phase (0.169 kg vs 0.103 kg; P<0.0001). During the growing
phase, hourly feed intake was the same for the two sexes of the pig (0.083 kg vs 0.103 kg;
P=0.0963). However, during the finishing stage, the male pigs consumed significantly

(P=0.0094) more feed on an hourly basis than the female pigs (0.169 kg vs 0.129 kg).
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Table 4.5.5:  Least square means and standard error for the hourly feed intake between

the growth stage and sex of the pig.

Growth Stage and Sex Feed S.E? S.E3 P-
Interaction Intake value?
Means (Kg)
Female Growing 0.083? 0.0138 0.00019 0.0335
Finishing 0.129P 0.01448 0.00021
Male Growing 0.103% 0.01334 0.00018
Finishing 0.169° 0.01399 0.00020

ab.ab. ¢ \/alues with different superscripts are significantly different from each other
(LSD, P<0.05)

! P-value from Table 4.5.1
2 Standard error was not back-transformed to its original form.
3 Standard error was back-transformed to its original form.

4.5.6 Effect of the interaction between the growth stages, group-type, and sex
of the pig on hourly feed intake
The interaction between the growth stages, group type, and sex of the pig on hourly
feed intake is shown in Table 4.5.6. This study showed that the interaction between the
growth stages, the group type, and the sex of the pigs had a significant (P=0.0045) effect
on the hourly feed intake of the pigs.

In this study, there was a significant difference between the hourly feed intake of the
two sexes of the group 1 pigs during the finishing phase of growth. The male pig consumed
more feed than the female pigs (0.193 kg vs 0.111kg; P=0.0001). However, feed intake
was the same irrespective of the sex of the group 2 finishing pigs (P=0.9562; Table 4.5.6).
Similarly, feed consumption was also the same for the group 1 and group 2 female finisher
pigs. On the other hand, during the finishing phase of growth, the group-type of the male
pigs influenced feed intake on an hourly basis. This study observed that the group 1 male
finisher pigs consumed more feed than the group 2 male finisher pigs (0.193 kg vs 0.147
kg; P=0.0443).

During the growing phase, hourly feed consumption was the same for the female group
1 and group 2 pigs (0.076 kg vs 0.091 kg; P=0.319). A similar effect was observed for the

103



male growing pigs. The group 1 male growing pigs had the same feed consumption on an
hourly basis compared to group 2 male growing pigs (0.111 kg vs 0.095 kg; P=0.3339).
Hourly feed consumption was the same irrespective of the sexes of the group 2 growing
pigs (P=0.8482; Table 4.5.6). However, group 1 male and female growing pigs exhibited
a different feed intake behaviour. This study showed that group 1 male growing pigs

consumed more feed than group 1 female growing pigs (0.111 kg vs 0.076 kg; P=0.0281).

Furthermore, group 1 female pigs were observed to consume more feed on an hourly
basis during the finishing phase than when growing (0.111kg vs 0.076kg; P<0.0001). A
similar result was also observed in which group 1 male pigs during their finishing phase
consumed more feed on an hourly basis than what they consumed while growing (0.193kg
vs 0.111kg; P<0.0001). The group 2 female pigs were observed during the finishing phase
to have consumed more feed on an hourly basis than during their growing phase (0.148 kg
vs 0.091 kg; P<0.0001). A similar result was also observed in which group 2 male pigs
during their finishing phase consumed more feed on an hourly basis than what they
consumed while growing (0.147kg vs 0.095kg; P<0.0001).
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Table 4.5.6:  Least square means and standard error for the hourly feed intake between

the pig's growth stages, group type, and sex.

Growth Stage, Group Type and Feed S.E? S.E3 P-value!
Sex Interaction Intake
(Kg)

Finishing phase  Group 1-Female 0.111% 0.01978 0.0003913 0.0045
Group 1-Male  0.193° 0.01978 0.0003913

Finishing phase  Group 2-Female 0.148% 0.02115 0.0004473
Group 2-Male ~ 0.147% 0.01978 0.0003913

Growing phase  Female-Group 1  0.076° 0.01886 0.0003557
Female-Group 2 0.091% 0.02016 0.0004064

Growing phase  Male-Group1  0.111%* 0.01886 0.0003557
Male-Group 2 0.095* 0.01886 0.0003557

b.c,ab, ac, ad, a¢, be \/g|yes with different superscripts are significantly different from each

other (LSD, P<0.05)

L' p-value from Table 4.5.1

2 Standard error was not back-transformed to its original form.

3 Standard error was back-transformed to its original form.

4.5.7 The effect of the sex of the pig on feed intake at a particular time of the

day

As the time of the day progressed, the sex of the pig had a significant (P=0.005) effect

on the hourly feed intake. Figure 27 showed a visual presentation of the effect of sex of the

pigs on the feed intake at a particular hour of the day for this study.

Generally, the hourly progression graph for both sexes of a pig showed that the

quantity of feed consumed increased as the day progressed, with the first peak at 8 am for

both sexes of pigs and after that a decline (Figure 27). For both sexes of pigs, an increase

in the feed intake trend was observed at 4 am for female pigs and 6 am for male pigs until
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it peaked at 8 am. During this period, female and male pigs differed in their hourly feed
intake at 4 am (P=0.0012) and 6 am (P=0.0148). The male pigs consumed more feed at 4
am, and 6 am (0.09kg at 4 am and 0.142kg at 6 am) than the female pigs (0.044 kg at 4 am
and 0.094 kg at 6 am).

After the peak feed intake in the morning is later followed by a drop in feed intake
when the day progressed from 8 am to 9 am. The feed intake of the female pigs dropped
from 0.171kg to 0.117kg, while that of the male pigs dropped from 0.187 kg to 0.144 kg.
However, at these hours (8 am and 9 am), there was no significant difference in feed intake

between both sexes of the pig.

Another round of increase in feed intake was followed in the afternoon and peaked at
4 pm for the female pigs (Figure 27). In contrast to the female pig, the male pigs exhibited
a different feed intake pattern. It peaked at 11 am, followed by another decline, and after
that, another increase peaked again at 3 pm (Figure 27). Nevertheless, only at 11 am was
there a significant (P=0.017) difference in feed intake between both sexes, with the male

pigs having higher feed intake compared to the female pigs (0.186 kg vs 0.132 kg)

After that, from the afternoon’s peak, there was another round of decrease in feed
intake. The decrease in feed intake lasted up to 3 am of the following day for the female
pigs, and 5 am for the male pigs. Feed intake reduced from 0.187 kg at 4 pm to 0.031 kg at
3 am for the female pigs and 0.204 kg at 3 pm to 0.089 kg at 5 pm for the male pigs. At 9
pm, 11 pm, 12 am, 2 am, and 3 am, the male pigs consumed more feed than the female pigs
(P<0.05). Also, a total of the feed intake for the significant hours throughout the day
showed that the male pig consumed more feed when compared to the female pigs (0.929
kg vs 0.568 kg; P<0.05).
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Figure 27: The significant difference in feed intake between the two sexes of pigs.

Different alphabets indicate a significant difference in feed intake between the two

sexes at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feed

intake between sexes at that hour.
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4.5.8 The effect of the group type of the pigs on feed intake at a particular time
of the day
As the day progressed, the group type of the pig had a significant (P<0.0001) effect on
the hourly feed intake. Similarly, this study showed that the group type of the growing-
finishing pigs significantly affected feed intake at a particular hour of the day (Figure 28).

Feed intake pattern showed a decreasing trend from 5 pm to 2 am for the group 1 pigs
and 4 pmto 5 am for group 2 pigs. During this period, especially at a particular time (such
as at 7 pm and 10 pm), feed intake was significantly (P<0.05) different between the two
groups. The group 2 pigs consumed more feed compared to the group 1 pig. However, this
changes at 4 pm, when the group 1 pigs consumed more feed than the group 2 pigs (0.226
kg vs 0.166 kg; P=0.0223).

As the morning progressed, an increasing trend in feed intake began from 3 am with
0.036 kg until it peaked at 8 am with 0.221 kg for the group 1 pigs. On the other hand, the
increasing trend in feed intake began from 6 am with 0.079 kg to 8 am with 0.141 kg for
the group 2 pigs. From 12 am to 4 am, the group 2 pigs consumed a larger quantity of feed
than the group 1 pig (P<0.05). However, this trend changed from 6 am to 8 am, with the
group 1 pigs having a higher feed intake than the group 2 pigs (P<0.05).

After the peak, feed intake in the morning is later followed by a decline in feed intake
when the day progressed from 8 to 9 am. This drop-in feed intake was significant between
the two groups. The group 1 pigs had a higher feed intake than group 2 pigs (0.16 kg vs
0.104 kg; P=0.0088). For group 1 pigs, feed intake dropped as the hours progressed from
9amto 12 pm.

This is later followed by another round of increasing trends in feed intake in the
afternoon. This increase in feed intake peaked at 4 pm with 0.226 kg for the group 1 pigs
and peaked at 3 pm with 0.170 kg for the group 2 pigs. Apart from the feed intake at 4 pm,

the increase in feed intake between the two groups during this period was not significant.

Overall, the group 2 pigs significantly consumed more feed later in the evening and
early in the morning than the group 1 pigs. However, as the morning progressed from 6 am
to 9 am and 4 pm, the pattern changed, and the group 1 pigs significantly (P<0.05)

consumed more feed than group 2.
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Figure 28: The significant difference in feed intake between the two groups of pigs.

Different alphabets indicate a significant difference in feed intake between group 1
and group 2 pigs at a particular hour of the day. The points in the graph with no alphabet

showed no significant difference in feed intake between the pigs’ group type at that hour.
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4.5.9 The effect of the growth stage of the pig on feed intake at a particular
time of the day
As the time of the day progressed, the growth stage of the pig affected the hourly feed
intake (P<0.05). Similarly, this study showed that at a particular hour of the day, the feed
intake of the pigs was significantly (P<0.05) different when the pigs were at either the
growing or finishing phase (Figure 29).

As the morning progressed, an increasing trend in feed intake was observed. The
increase began at 3 am for the growing pigs and 4 am for the finishing pigs. The rising
trend in feed intake continued until it peaked at 7 am for the growing pigs and 8 am for the
finishing pigs. During this period, feed intake increased from 0.045 kg to 0.138 kg for the
growing pigs and 0.078 kg to 0.250 kg for the finishing pigs. At a particular hour of the
morning (such as at 4 am, 6 am, and 8 am), the finishing pigs consumed more feed

compared to the growing pigs (P<0.05).

After the peak of both phases, it is followed by a declining feed intake trend until 9
am. During these hours, the feed intake between the two growth phases was significant
(P<0.0001), with the pigs during the finishing phase had a higher feed intake than the
growing phase (0.173 kg vs 0.094 kg). Subsequently, feed intake increased at 10 am with
0.099 kg for the growing pigs before peaked at 1 pm with 0.142 kg. For the pigs at the
finishing stage of growth, feed intake increased at 10 am with 0.2 kg, then peaked at 11 am
with 0.213 kg before it dropped to 0.161 kg at 1 pm. After that, another round of increase
in feed intake began at 2 pm with 0.217 kg, then peaked at 4 pm with 0.278 kg. During this
period, at a particular hour of the day (such as from 10 am to 11 am and 2 pm to 4 pm),
there was a significant (P<0.05) difference in feed intake. The finishing pigs consumed

more feed compared to the growing pigs (Figure 29).

Subsequently, After the peak of both phases in the afternoon, a declining trend in feed
intake was observed. The drop in feed intake started from 2 pm to 2 am for the growing
pigs and 5 pm to 3 am for the finishing pigs. During this period, at certain hours of the day
(such as from 5 pm to 8 pm, 11 pm, and 2 am), the finishing pigs had higher feed
consumption compared to their growing phase (P<0.05). Overall, the feed intake for the
significant (P<0.05) hours throughout the day showed that the pigs consumed more feed
during the finishing phase than what they consumed during their growing phase (2.727 kg
vs 1.434 kq).
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Figure 29: The significant difference in feed intake between the different growth
stages of the pigs.

Different alphabets indicate a significant difference in feed intake between the two

growth stages at a particular hour of the day.

The points in the graph with no alphabet showed no significant difference in feed

intake between growth stages at that hour.
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4.5.9.1 The effect of the interaction between group type and growth stage on
feed intake of pigs at a particular time of the day
Feed intake is affected by the group type and the growth stage of the pig at a particular
time of the day (P<0.0001; Figure 30).

45.9.1a The effect of the group type of the growing pigs on the feed intake at a
particular time of the day

Figure 30 showed that only at 1 am was a significant difference in feed intake between
the group type of the growing pigs. At 1 am, the group 2 growing pigs consumed more feed
than the group 1 growing pigs (P<0.05; Figure 30). The feed intake peaked at 7 am for
group 1 and group 2 growing pigs. In the afternoon, peak feed intake was at 1 pm for group
1 growing pigs and noon for group 2 growing pigs. Overall, the group 2 pigs consumed

more feed during the growing phase than the group 1 pigs.
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Figure 30: The significant difference in feed intake between group 1 and group 2

growing and finishing pigs.

Different alphabets indicate a significant difference in feed intake between group 1
and group 2 finishing pigs at a particular hour of the day. The points in the graph with no
alphabet showed no significant difference in feed intake between the two groups at that

hour.

Different numbers indicate a significant difference in feed intake between group 1 and
group 2 growing pigs at a particular hour of the day. The points in the graph with no
numbers showed no significant difference in feed intake between the two groups at that

hour.

4.5.9.1b The effect of the group type of the finishing pigs on the feed intake at
a particular time of the day

At certain hours of the day, the group type of the finishing pigs had a significant effect

on their hourly feed intake. As the morning progressed, an increasing trend in feed intake

was observed. The feed intake increase began at 4 am for the group 1 pigs, and 7 am for

the group 2 pigs. The increasing trend in feed intake continued until it peaked at 8 am for

both groups of finishing pigs. During this period, feed intake increased from 0.048 kg to

0.334 kg for the group 1 pigs and from 0.084 kg to 0.179 kg for the group 2 pigs. At certain

hours of the morning (such as from 6 am to 8 am), group 1 finishing pigs consumed more

feed than group 2 finishing pigs. On the other hand, at 4 am, the group 2 pigs consumed
more feed than the group 1 pigs (P=0.0064; Figure 30).

After the morning peak of both groups, it is followed by a declining feed intake trend
until 9 am with 0.125 kg for the group 2 pigs and noon with 0.166 kg for the group 1 pigs.
Feed intake between the group 1 and group 2 finishing pigs was significantly different at 9
am. The group 1 pigs had a higher feed intake than the group 2 pigs (0.228 kg vs 0.125 kg;
P=0.0041). For the group 2 pigs, the feed intake increased again at 10 am with 0.169 kg.
Then it peaked at 11 am with 0.210 kg, before it dropped to 0.152 kg at 1 pm. After that,
another round of increase in feed intake for the group 2 pigs began at 2 pm with 0.212 kg;
then, it peaked at 5 pm with 0.254 kg. For the group 1 finishing pigs, the increasing trend
in feed intake began at 1 pm with 0.171 kg and then peaked at 4 pm with 0.330 kg. At 4
am, the group 1 pigs consumed more feed than the group 2 pigs (0.330 kg vs 0.230 Kkg;
P=0.0297).
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Subsequently, after both groups peak in the afternoon, a declining trend in feed intake
was generally observed. The decline in feed intake started at 5 pm with 0.218 kg to 3 am
with 0.03kg for the group 1 finishing pigs. Feed intake for the group 2 pigs also dropped
from 0.210kg at 6 pm to 0.066 kg at 6 am. Within this period, at certain hours of the day
(suchas at 7 pm, 10 pm, and 2 am to 3 am), group 2 finishing pigs ate more feed compared
to group 1 finishing pigs (P<0.05). Overall, at late in the night and very early in the
morning, group 2 finishing pigs generally consume more feed than the group 1 finishing
pigs. On the other hand, group 1 finishing pigs consumed more feed during the rest of the

day.

45.9.1c The effect of the growth stage on the feed intake of the group 1 pigs at
a particular time of the day
Figure 31 showed that, at certain times of the day, the growth stage of the group 1 pigs
had affected their hourly feed intake. At all the times of the day that feed intake was
significant (suchas at 6 amto 11 am, 2 pmto 6 pm, 8 pmand 11 pm; P<0.05), the group 1
pigs during the finishing phase consumed more feed compared to during its growing phase
(Figure 31). The feed intake peaked at 7 am for the group 1 pigs during the growing phase
and 8 am during the finishing growth stage. In the afternoon, peak feed intake was at 1 pm
for the group 1 pigs during the growing phase and 4 pm during the finishing growth stage.
Overall, during the finishing phase, the group 1 pigs consumed more feed than when they

were growing.
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Figure 31: The difference in feed intake between the growing and finishing growth

stage of the group 1 pigs.

Alphabet between two datapoints indicates a significant difference in feed intake

between the growing and finishing group 1 pigs.

The points in the graph with no alphabet showed no significant difference in feed

intake between the growing and finishing group 1 pigs.
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45.9.2 The effect of the interaction between group type and sex of the
pigs on feed intake at a particular time of the day
The hourly feed intake is affected by the group type and sex of the pig at a particular
time of the day (P=0.0001; Figure 32 and 33).

4.5.9.2a The effect of group type on feed intake in female pigs at a particular
time of the day
At certain hours of the day, the group type of the female pigs affected the feed intake.
Also, atotal of the feed intake for the significant (P<0.05) hours throughout the day showed
that the group 2 female pigs generally consume more feed (0.863 kg vs 0.491 kg) compared
to the group 1 female pigs.

As the morning progressed, an increasing trend in feed intake was observed. The
increase in feed intake began at 3 am for the group 1 pigs and 7 am for the group 2 pigs.
The increasing trend in feed intake continued until it peaked at 8 am for both group 1 and
group 2 female pigs. During this period, feed intake increased from 0.018 kg to 0.180 kg
for the group 1 female pigs and from 0.106 kg to 0.161 kg for the group 2 female pigs
(Figure 32). At certain hours of the day (such as from 3 am to 4 am), the group 2 female
pigs significantly (P<0.05) consumed more feed compared to the group 1lfemale pigs.
However, at 6 am, the pattern changed when the group 1 female pigs consumed more feed
than the group 2 female pigs (0.130 kg vs 0.065 kg; P=0.0113).

After the morning peak of both groups, it is followed by a declining feed intake trend.
Feed intake dropped until 9 am with 0.112 kg for the group 2 female pigs and 11 am with
0.101 kg for the group 1 female pigs. At 11 am, the group 2 female pigs consumed
significantly (P=0.026) more feed when compared to the group 1 female pigs (0.169 kg vs
0.101 kg). For the group 2 pigs, their feed intake increased again from 10 am with 0.136
kg and peaked again at 2 pm with 0.188 kg. On the other hand, for the group 1 female pigs,
an increasing trend in feed intake began at noon with 0.12 kg before it peaked at 4 pm with
0.202 kg. Generally, there was no significant (P>0.05) difference between group 1 and
group 2 female pigs during this period of the day.

Subsequently, after the peak of both groups in the afternoon, a declining trend in feed
intake was generally observed. Feed intake started to drop at 5 pm with 0.147 kg to 2 am
with 0.017 kg for the group 1 female pigs. Similarly, for the group 2 female pigs, feed
intake began to drop at 3 pm with 0.173 kg to 6 am with 0.065 kg. Throughout this period,
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at certain hours of the day (such as from 6 pm to 8 pm and 2 am), the group 2 female pigs
consumed more feed compared to the group 1 female pigs (P<0.05; Figure 32). Overall,
group 1 female pigs consume significantly (P<0.05) more feed, especially from the evening

to very early in the morning compared to the group 1 female pigs.

4.5.9.2b The effect of group type on feed intake in male pigs at a particular
time of the day.
At certain hours of the day, the group type of the male pigs affected the feed intake.
Also, atotal of the feed intake for the significant (P<0.05) hours throughout the day showed
that the group 1 male pigs consumed more feed (2.239 kg vs 1.306 kg) compared to the

group 2 male pigs.

As the morning progressed, an increasing trend in feed intake was observed. The feed
intake increase began at 2 am for group 1 male pigs and 6 am for group 2 male pigs. The
increasing trend in feed intake continued until it peaked at 8 am for both group 1 and group
2 male pigs. During this period, feed intake increased from 0.059 kg to 0.266 kg for the
group 1 pigs and from 0.094 kg to 0.122 kg for the group 2 male pigs (Figure 32). Similarly,
at this same period (from 6 am to 8 am), group 1 male pigs consumed more feed compared

to the group 2 male pigs (P<0.05).

After the morning peak of both groups, it is followed by a declining feed intake trend
until 10 am with 0.202 kg for the group 1 pigs and 9 am with 0.095 kg for the group 2 pigs.
After that, another round of increase in feed intake for the group 1 male pigs began at 11
am with 0.231 kg before dropping again to 0.194 kg at noon. At 1 pm, feed intake for the
group 1 pigs rose then peaked again at 4 pm with 0.252 kg. For the group 2 male pigs, the
feed intake increased again from 10 am with 0.118 kg and peaked again at 3 pm with 0.168
kg. Within this period, at certain hours of the day (such as from 9 amto 11 am, 1 pm and
3 pmto 4 pm), the group 1 male pigs consumed more feed compared to the group 2 male
pigs (P<0.05).

Subsequently, after the peak of both groups in the afternoon, a declining trend of feed
intake was generally observed. Feed intake started to drop at 5 pm with 0.170 kg to 1 am
with 0.044 kg for the group 1 male pigs. While for the group 2 male pigs, feed intake started
to drop at 4 pm with 0.159 kg to 5 am with 0.089 kg. At 8 pm, there was a significant
difference between the groups. The group 1 male pigs ate more than the group 2 male pigs

(0.161 kg vs 0.081 kg; P=0.004). However, this pattern changed at 1 am when group 2
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male pigs consumed more feed than the group 1 male pigs (0.086 kg vs 0.044 kg;
P=0.0401).
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Figure 32: The significant difference in feed intake between group 1 and group 2

female and male pigs.

Different alphabet indicates a significant difference in feed intake between group 1
and group 2 female pigs at a particular hour of the day. The points in the graph with no
alphabet showed no significant difference in feed intake between the two groups at that

hour.

118

Group_Sex

== Group 1:Female
= Group 1:Male
=+ Group 2.Female

== Group 2:Male



Different numbers indicate a significant difference in feed intake between group 1 and
group 2 male pigs at a particular hour of the day. The points in the graph with no number

showed no significant difference in feed intake between the two groups at that hour.

4.5.9.2c The effect of sex of the group 1 pigs on feed intake at a particular time
of the day
At certain hours of the day, the sex of the group 1 pigs had a significant effect on the
feed intake. Also, the feed intake for the significant (P<0.05) hours throughout the day
showed that the group 1 male pigs generally consumed more feed than the group 1 female
pigs (2.491 kg vs 1.397 kg).

As the morning progressed, an increasing trend in feed intake was observed. The feed
intake increase began at 3 am for group 1 female pigs, and 2 am for group 1 male pigs. The
increasing trend in feed intake continued until it peaked at 8 am for both sexes of the group
1 pigs. During this period, feed intake for the group 1 female pigs increased from 0.018 kg
to 0.180 kg and from 0.059 kg to 0.266 kg for the group 1 male pigs (Figure 33).
Throughout this period of increase in feed intake, during certain hours of the day (such as
from 2 am to 4 am and 6 am to 8 am), the group 1 male pigs were observed to have

consumed more feed compared to the group 1 female pigs (P<0.05).

After the morning peak of both sexes, it is followed by a declining feed intake trend
until 11 am with 0.101 kg for the group 1 female pigs and 10 am with 0.202 kg for the
group 1 male pigs. After that, another round of increase in feed intake for the group 1 male
pigs began at 11 am with 0.231 kg before it dropped again to 0.194 kg at noon. At 1 pm,
feed intake for group 1 male pigs rose before it peaked at 4 pm with 0.252 kg. For the group
1 female pigs, feed intake increased at noon with 0.120 kg before it peaked at 4 pm with
0.202 kg. During this period, from 9 amto 1 pm, there was a significant (P<0.05) difference
in feed intake between the sexes. The male pigs consumed more feed when compared to

the female pigs.

Subsequently, after the peak of both sexes in the afternoon, a declining trend in feed
intake was generally observed. The drop in feed intake started at 5 pm with 0.149 kg to 2
am with 0.017 kg for the female pigs. The drop in feed intake for the male pigs started at 5
pm with 0.170 kg to 1 am with 0.017 kg. From 6 pm to 9 pm, there was a significant

(P<0.05) difference between the sexes during this period. The group 1 male pigs consumed
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more feed than the group 1 female pigs (Figure 33). Overall, group 1 male pigs consumed

more feed compared to the group 1 female pigs at certain hours of the day (P<0.05).

4.5.9.2d The effect of sex of the group 2 pigs on feed intake at a particular time
of the day

At a particular hour of the day, the sex of the group 2 pigs affected the feed intake. As
the morning progressed, an increasing trend in feed intake was observed. The increase in
feed intake began at 7 am for group 2 female pigs, and 6 am for group 2 male pigs. The
increasing trend in feed intake continued until it peaked at 8 am for both sexes of the group
2 pigs. During this period, the female pigs’ feed intake increased from 0.106 kg to 0.161
kg and from 0.094 kg to 0.122 kg for the male pigs (Figure 33). An increase in feed intake

trend between sexes of the group 2 pigs was not significant during this period.

After the morning peak of both sexes, it is followed by a declining feed intake trend
until 9 am for both sexes, with 0.112 kg for the female pigs and 0.095 kg for the male pigs.
After that, another round of increase in feed intake for the group 2 male pigs began at 10
am with 0.118 kg then peaked at noon with 0.151 kg. It dropped again to 0.132 kg at 1 pm
and began another feed intake increase trend and peaked at 3 pm with 0.168 kg. For the
group 2 female pigs, feed intake increased at 10 am with 0.136 kg, then peaked at 2 pm
with 0.188 kg. From 8 am to 3 pm, there was no significant difference between the two

sexes of the group 2 pigs on feed intake during this period.

Subsequently, after the peak of both sexes in the afternoon, a declining trend of feed
intake was generally observed. Feed intake for the female pigs started to drop at 3 pm with
0.173 kg to 6 am with 0.065 kg. Similarly, feed intake started to drop at 4 pm with 0.159
kg to 5 am with 0.089 kg for the male pigs. During this period, it was only at 11 pm that
there was a significant (P=0.0108) difference in feed intake between the two sexes. The

group 2 male pigs ate more feed than the group 2 female pigs (0.156 kg vs 0.085kg).
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Figure 33: The significant difference in feed intake between the different sexes of

group 1 and group 2 pigs.

Different alphabets indicate a significant difference in feed intake between the two
sexes of the group 1 pigs at a particular hour of the day. The points in the graph with no

alphabet showed no significant difference in feed intake between sexes at that hour.

Different numbers indicate a significant difference in feed intake between the two
sexes of the group 2 pigs at a particular hour of the day. The points in the graph with no

number showed no significant difference in feed intake between sexes at that hour.
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4.6  Hourly feeding rate

Table 4.6.1. showed the significant predictors in the mixed model used in predicting

the pigs' hourly feeding rate in this study. These significant predictors will be discussed at

length in the following sections.

Table 4.6.1:  Predictors significant in predicting hourly feeding rate of the pigs.

Type 3 Tests of Fixed Effects

Effect Num DF Den DF F Value Pr>F
Hours 23 7291 55.93 <0.0001
Group 1 28 0.18 0.6722
Sex 1 28 1.40 0.2460
Growth-Stage 1 7291 974.61 <0.0001
Hours*Sex 23 7291 3.01 <0.0001
Sex*Growth-Stage 1 7291 4427 <0.0001
Group* Growth-Stage 1 7291 14.32 0.0002
Hours*Group 23 7291 10.06 <0.0001
Hours* Growth-Stage 23 7291 7.27 <0.0001
Hours*Group* Growth-Stage 23 7291 4.69 <0.0001
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4.6.1 Effect of hourly progression on feeding rate in pigs
Figure 34 showed the amount of feed consumed over a given feeding duration (in
g/min) by the pigs during each hour of the day from midnight (O hrs) to 11 pm (23 hrs).
The time of the day had a significant (P<0.05) effect on the quantity of feed consumed over
a given feeding duration of the pig's visit to the electronic feeder. Generally, Figure 34
trend showed that as the day progressed, the feeding rate of the pig increased, with two

peaks at 10 am, and 3 pm before it decreased, respectively.

Also, Figure 34 showed a declining trend in feeding rate as the hours progressed from
3 pm to 3 am the following day. During this period, the feeding rate of the pigs dropped
from 33.105 to 14.547 g/min. However, during this period, the only time a significant
(P<0.05) decline in feeding rate was observed was from 4 pm to 6 pm, and 12 am to 1 am

the following day.

Subsequently, an increase in the feeding rate of the pig was observed in the morning.
This increasing trend began at 4 am until it peaked at 10 am. Throughout this period, the
feeding rate of pigs increased from 16.577 to 36.001 g/min. As the hours progressed from
4 am to 10 am, the increase in feeding rate was significant (P<0.05) between the preceding
and succeeding hours of the day. However, the pig's feeding rate was not significant from
4 amto5amand 9 am to 10 am (P>0.05).

After the peak, it is followed by a significant drop in the feeding rate of the pigs from
36.001 g/min at 10 am to 26.999 g/min at 1 pm (P<0.05). After that, as the day advanced
from 1 pm to 3 pm, the feeding rate increased until it peaked again at 3 pm. Within this
period, the pig's feeding rate was significant (P<0.05). Overall, as the day advanced, the
pigs are most likely to consume a large quantity of feed over a given feeding duration in

the morning, especially at 10 am.
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Figure 34: The significant difference in the feeding rate of pigs as the day advanced.

Alphabet between two datapoints indicates a significant difference in the feeding rate

of pigs between the corresponding preceding and succeeding hours of the day.

The points in the graph with no alphabet showed no significant difference in feeding

rate between the corresponding preceding and succeeding hours.
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4.6.2 Effect of the stage of growth of the pig on the hourly feeding rate
The effect of the pig's growth stage on the hourly feeding rate is shown in Table 4.6.2.
This study showed that the growth stage of the pigs had a significant effect (P<0.0001) on
the hourly feeding rate. Throughout the study, during the finishing phase of growth, the
pigs consumed more feed over a shorter feeding duration (high feeding rate) than the
growing phase during their hourly feeding visit (30.52 g/min vs 19.781 g/min).

Table 4.6.2:  Least square means and standard error for feeding rate in the grower and

finisher phase

Growth-Stage  Feeding-Rate Standard Error P-value!
(g/min)
Growing Phase 19.781?% 1.0636 <0.0001

Finishing Phase  30.52°
1.0856

ab values with different superscripts are significantly different from each other (LSD,
P<0.05)

L p-value from Table 4.6.1

4.6.3 Effect of the interaction between the growth stages and sex of the pig on
the hourly feeding rate.

Table 4.6.3 showed the effect of the interaction between the growth stages and sex of
the pig on the hourly feeding rate. The result showed that the interaction between the
growth stages and the sex of the pigs had a significant (P<0.0001) effect on the hourly
feeding rate of the pigs. Female finisher pigs consumed more feed over a shorter feeding
duration (or had a higher feeding rate) on an hourly basis compared to other grower pigs
(28.118 g/min vs 19.668 g/min; P<0.0001).

Similarly, the male finisher pigs also had a higher feeding rate on an hourly basis
compared to the period when they were growing (19.893 g/min vs 32.921 g/min;
P<0.0001). During the growing phase, the two sexes' hourly feeding rate was the same
(P=0.9156). However, this changed during the finishing phase. The male had a higher
feeding rate on an hourly basis than the female (32.921 g/min vs 28.118 g/min; P=0.027).
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Table 4.6.3:  Least square means and standard error for feeding rate in the grower and

finisher phase for male and female pigs.

Growth Stage and Sex Feeding Rate Standard P-value!
Interaction (g/min) Error
Female Growing 19.6682 1.529 <.0001
Finishing 28.118° 1.5606
Male Growing 19.893% 1.4788
Finishing 32.921° 1.5094

abe \/alues with different superscripts are significantly different from each other
(LSD, P<0.05)

L p-value from Table 4.6.1

4.6.4 Effect of the interaction between the growth stages and the pigs' group
on the hourly feeding rate.

The effect of the interaction between the growth stages and the pigs' group on the
hourly feeding rate is shown in Table 4.6.4. This study showed that the interaction between
the growth stages and the group a pig belonged to have a significant (P=0.0002) effect on
the hourly feeding rate of the pigs. Table 4.6.4 also showed that for all group 1 pigs,
throughout the study, a higher feeding rate was observed when they were at the finishing
phase compared to when they were growing (31.625 g/min vs 19.583 g/min; P<0.0001). A
similar result was observed in group 2 pigs. Group 2 finisher pigs consumed more feed
over a shorter feeding duration compared to when they were growing (29.415 g/min vs
19.978 g/min; P<0.0001). On the other hand, the hourly feeding rate was the same during
the growing phase irrespective of the pig's group (P=0.8529). Similarly, the hourly feeding

rate for the finisher phase for group 1 and group 2 pigs was also the same (P=0.309).
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Table 4.6.4: Least square means and standard error for feeding rate in the different

growth stage for the group 1 and group 2 pigs.

Growth Stage and Group Feeding Rate Standard P-value!
Interaction (9/min) Error
Group 1 Growing 19.583% 1.4788 0.0002
Finishing 31.625° 1.5094
Group 2 Growing 19.978% 1.529
Finishing 29.415P 1.5606

ab \/alues with different superscripts are significantly different from each other
(LSD, P<0.05)

L p-value from Table 4.6.1

4.6.5 The effect of the sex of the pig on feeding rate at a particular time of the
day
As the time of the day progressed, the sex of the pig affected the hourly feeding rate
(P<0.0001). Figure 35 showed a visual presentation of the effect of pigs’ sex on the feeding

rate at a particular hour of the day.

Generally, the hourly progression graph for both sexes of a pig showed that as the day
advanced, the feeding rate increased. The first peak was at 10 am for both sexes of pigs
and a decline (Figure 35). For both sexes of pigs, an increase in the feeding rate trend was
observed at 4 am until they peaked at 10 am. During this period, the only significant
(P=0.0262) time between the two sexes was at 4 am, with the male pigs had a higher feeding
rate than the female (19.473 g/min vs 13.680 g/min).

After the peak feeding rate in the morning is later followed by a drop in feeding rate
when the day advanced from 10 am to 1 pm. The feeding rate of the female pigs dropped
from 35.651 g/min to 26.590 g/min, while that of the male pigs dropped from 36.350 g/min
to 27.408 g/min. During this period, the drop-in feeding rate was not significant (P>0.05)

between the sexes of pigs.

Another round of increase in feeding rate in the afternoon was observed. It peaked at
3 pm for both sexes of the pigs (Figure 35). An increase in feeding rate during this period
was not significant (P>0.05) between the sexes of pigs. After that, from the peak in the

afternoon, there was another round of decrease in feeding rate up to 3 am of the following
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day for both sexes of the pig. The feeding rate was reduced from 32.725 g/min at 3 pm to
11.674 g/min at 3 am for the female pigs and 33.485 g/min at 3 pm to 17.420 g/min at 3
pm male pigs. During this period, at certain hours of the day (such as from 8 pm to 9 pm,
11 pmto 12 am, and 2 am to 3 am), there was a significant (P<0.05) difference in feeding
rate between the two sexes of pigs, with the male pigs having a higher feeding rate

compared to the female pigs.

Also, a total of the feeding rate for the significant hours throughout the day showed
that the male pig had a higher feeding rate when compared to the female pigs (155.973
g/min vs 114.082 g/min; P<0.05). Overall, from the interpretation of the graph, at late in
the night and very early in the morning, male pigs generally had a significantly higher

feeding rate than female pigs.

Feeding rate between sexes of pigs at a particular hour

2 3 4 5 & 7 8 9 10 1M 12 13 14 15 16 17 18 19 20 21 2
Hours
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Figure 35: The significant difference in feeding rate between the two sexes at a

particular.

Different alphabets indicate a significant difference in feeding rate between the two
sexes at a particular hour of the day. The points in the graph with no alphabet showed no

significant difference in feeding rate between sexes at that hour.

4.6.6 The effect of the pig’s group on the feeding rate at a particular time of
the day
As time progressed, the pig's group affected the hourly feeding rate. Similarly, the
result of this study showed that growing-finishing pigs belonging to either group 1 or group
2 had a significantly (P<0.05) different feeding rate at a particular hour of the day (Figure
36).

Also, from 4 pm to 3 am for the group 1 pigs and 4 pm to 5 am for those in group 2,
the feeding rate showed a decreasing trend. During this period, especially at a certain time
of the day (from 1 am to 2 am), the feeding rate was significantly (P<0.05) different
between the two groups. The group 2 pigs had a higher feeding rate than those in group 1.
However, this changed at 4 pm, and the group 1 pigs had a higher feeding rate than the
group 2 pigs (34.794 g/min vs 29.062 g/min; P=0.033).

As the morning progressed, for the group 1 pigs, an increasing trend in feeding rate
began at 4 am with 13.806 g/min until it peaked at 10 am with 39.775 g/min. On the other
hand, for the group 2 pigs, the increasing trend in feeding rate began from 6 am with 17.940
g/min to 10 am with 32.227 g/min. At 4 am, the group 2 pigs had a higher feeding rate than
the group 1 pig (19.348 g/min vs 13.806 g/min; P=0.0392). However, this trend changed
from 7 am to 10 am, with the group 1 pigs overtaking the group 2 pigs, thereby having a
significantly (P<0.05) higher feeding rate.

After the peak feeding rate in the morning is later followed by a decline in feeding rate
when the time of day progressed from 10 am to 11 am between both groups of pigs. This
drop-in feeding rate was significant (P=0.0072) between the groups. The group 1 pigs had
a higher feeding rate than the group 2 pigs (36.857 g/min vs 29.627 g/min). This is later
followed by another round of increase in the afternoon feeding rate, which peaked at 3 pm
for both groups of pigs (Figure 36). At 3 pm, the feeding rate between the two groups of
pigs was significantly (P=0.0078) different. The group 1 pigs had a higher feeding rate than
the group 2 pigs (36.682 g/min vs 29.528 g/min).
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Also, a total of the feeding rate for the significant hours throughout the day showed
that the group 1 pigs had a higher feeding rate when compared to those in group 2 (290.229
g/min vs 258.314 g/min; P<0.05). Overall, the group 2 pigs had a significantly (P<0.05)
higher feeding rate at night than the group 1 pig. However, as the morning progressed, the
trend changed from 7 am to 11 am and later in the afternoon from 3 pm to 4 pm. The group

1 pigs significantly (P<0.05) had a higher feeding rate than the group 2 pigs.

Feeding rate between the different groups of pigs at a particular hour

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 29 22 23
Hours

Figure 36: Difference in feeding rate between the different groups of pigs.

Different alphabets indicate a significant difference in feeding rate between the two
groups at a particular hour of the day. The points in the graph with no alphabet showed no

significant difference in feeding rate between the two groups at that hour.
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4.6.7 The effect of the growth stage of the pig on feeding rate at a particular
time of the day
As the time of the day progressed, the growth stage of the pig had a significant
(P<0.0001) effect on the hourly feeding rate. Similarly, this study showed that at any hour
of the day, the feeding rate of the pigs was significantly affected when the pigs were at

either the growing or finishing phase (Figure 37).

As the morning progressed, an increasing trend in feeding rate was observed. The
increase began at 4 am for both the growing and finishing pigs. The increasing trend in
feeding rate continued until it peaked at 10 am for the growing and finishing pigs. During
this period, the feeding rate increased from 13.371 g/min to 27.417 g/min for the growing
pigs and from 16.948 g/min to 44.584 g/min for the finishing pigs. For all the hours during
this period (4 am to 10 am), the finishing pigs had a higher feeding rate compared to the
growing pigs (P<0.05).

After the peak of both phases, it is followed by a declining feeding rate trend until
noon with 22.650 g/min for growing pigs and 1 pm with 36.123 g/min for the finishing
pigs. During these hours (10 am to 1 pm), the feeding rate between the two growth phases
was significant (P<0.05). The pigs during their finishing phase had a higher feeding rate
compared to the growing phase. Subsequently, the feeding rate increased at 1 pm with
22.782 g/min for the growing pigs before it peaked at 3 pm with 23.896 g/min. The feeding
rate began to increase at 2 pm with 36.454 g/min for the pigs at the finishing stage of
growth, and then it peaked at 3 pm with 42.314 g/min. For all the hours during this period
(1 pm to 3 pm), the finishing pigs had a higher feeding rate compared to the growing pigs
(P<0.05; Figure 37).

Subsequently, After the peak of both phases in the afternoon, a declining trend in
feeding rate was generally observed from 4 pm to 3 am for both growing and finishing
pigs. For all the hours during this period (4 pm to 3 am), the feeding rate was significantly
affected by the pig’s growth stage. The pigs in the finishing phase consumed more feed
over a shorter feeding duration (or high feeding rate) compared to when they were in a
growing phase (P<0.05). Overall, a total of the feeding rate for the significant hours
throughout the day showed that the pigs had a higher feeding rate during the finishing phase
than what they consumed during their growing phase (732.477 g/min vs 474.732 g/min;
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P<0.05). Therefore, finishing pigs would consume more feed over a shorter feeding

duration than their growing phase.

Feeding rate between the stages of growth fed at a particular hour

Period
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Figure 37: Difference in feeding rate between the different growth stages of the pigs.

Different alphabets indicate a significant difference in feeding rate between the two
growth stages at a particular hour of the day. The points in the graph with no alphabet

showed no significant difference in feeding rate between growth stages at that hour.

132



4.6.8 The effect of the group type and sex of the growing pigs on the feeding
rate at a particular time of the day
Figure 38 showed that the group type of the growing pigs had no significant effect on
their hourly feeding rate at all times of the day. The hourly feeding rate for group 1 and
group 2 pigs was the same throughout the growing phase. Similarly, the feeding rate for

male and female growing pigs was the same (Figure 39).

Feeding rate between the different groups of finishing and growing pigs at a particular hour
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Figure 38: The significant difference in feeding rate between the different groups of

finishing and growing pigs.

Different alphabets indicate a significant difference in feeding rate between the two
groups of finishing pigs at a particular hour of the day. The points in the graph with no
alphabet showed no significant difference in feeding rate between the groups of pigs at that

hour.

Feeding rate between the different female and male growing pigs at a particular hour
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Figure 39: Difference in feeding rate between the female and male growing pigs.
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4.6.9 The effect of the group type of the finishing pigs on the feeding rate at a
particular time of the day
At certain hours of the day, the group type of the finishing pigs had a significant
(P<0.0001) effect on their hourly feeding rate. Overall, a total of the feeding rate of the
significant hours throughout the day showed that the group 1 finishing pigs generally
consumed more (P<0.05) feed over a short feeding duration (high feeding rate) compared

to group 2 finishing pigs (480.404 g/min vs 413.666 g/min).

As the morning progressed, an increasing trend in feeding rate was observed. The
increase in feed intake began at 4 am for the group 1 finishing pigs and 6 am for the group
2 finishing pigs. The increasing trend in feeding rate continued until it peaked at 10 am for
both groups of finishing pigs. During this period, the feeding rate increased from 15.304
g/min to 51.775 g/min for the group 1 pigs and from 19.308 g/min to 37.394 g/min for the
group 2 finishing pigs. At certain hours of the morning (such as from 6 am to 10 am), group
1 finishing pigs had a higher feeding rate than group 2 finishing pigs. On the other hand, at
4 am, the group 2 pigs had a higher feeding rate compared to the group 1 pig (24.261 g/min
vs 15.304 g/min; P=0.0108; Figure 38).

After the morning peak of both groups of pigs, it is followed by a declining feeding
rate trend until 1 pm with 32.399 g/min for group 1 finishing pigs and 1 pm with 30.034
g/min for group 2 finishing pigs. The feeding rate between the two groups of finishing pigs
was significantly (P=0.0007) different at 11 am. The group 1 pigs consumed more feed
than the group 2 pigs (46.914 g/min vs 35.017 g/min). For the group 2 finishing pigs, the
feeding rate began to increase again at 2 pm with 32.304 g/min and peaked again at 3 pm
with 36.490 g/min. For the group 1 finishing pigs, the increasing trend in feeding rate began
at 2 pm with 40.604 g/min before it peaked at 3 pm with 48.139 g/min (Figure 38). From
2 pmto 3 pm, the group 1 pig consumed more feed in a relatively shorter time compared

to the group 2 pigs (P<0.05).

Subsequently, after the peak of both groups in the afternoon, a declining trend in
feeding rate was generally observed from 4 pm with 45.353 g/min to 3 am with 14.067
g/min for the group 1 finishing pigs, and from 4 pm with 35.604 g/min to 5 am with 18.247
g/min for the group 2 finishing pigs. During this period, at certain hours of the day (such
asat 11 pmand from 12 am to 3 am), there was a significant (P<0.05) difference between

the two groups. The group 2 finishing pigs had a higher feeding rate than the group 1
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finishing pigs. However, at 4 pm, the group 1 finishing pigs had a significantly higher
feeding rate compared to the group 2 finishing pigs (45.353 g/min vs 35.604 g/min;
P=0.0055)

Overall, during late in the night and very early in the morning, group 2 finishing pigs
generally had a higher feeding rate than group 1 finishing pigs. On the other hand, group 1

finishing pigs had a higher feeding rate during the morning and afternoon.

4.7  The effect of the growth stage on the feeding rate of the group 1 pigs at
a particular time of the day

Figure 40 showed that, at certain times of the day, the growth stage of the group 1 pigs
had a significant effect on their feeding rate. At all the times of the day that the feeding rate
was significant (such as from 5 amto 11 pm; P<0.05), the group 1 pigs during the finishing
phase had a higher feeding rate compared to during its growing phase (Figure 40). The
feeding rate peaked at 10 am for the group 1 pigs during the growing and finishing phase.
The peak feeding rate was at 3 pm for the group 1 pigs during the growing and finishing
phase in the afternoon. Overall, during the finishing phase, the group 1 pigs consumed
more feed over a shorter feeding duration (higher feeding rate) than when they were

growing.
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Figure 40: The difference in feeding rate between the growing and finishing growth

stage of the group 1 pigs.

Alphabet indicates a significant difference in feeding rate between the growing and

finishing group 1 pigs.

The points in the graph with no alphabet showed no significant difference in feeding

rate between the growing and finishing group 1 pigs.
Chapter 5

Discussion
Only the results with no confounding effect of the diet fed (or group type) would be

discussed for brevity.

5.1  The effect of the interaction between sex and group type of the pigs on the ad
libitum feeding behaviour.

The number of feeder visits and feeding rate were the same for the female and male
group 1 basally fed growing-finishing pigs. However, a significant difference in feed intake
between the male and female group 1 growing-finishing pig fed the basal diet was
observed. The male group 1 pigs consumed more feed than the female group 1 pigs (Table
4.5.4). De Haer & de Vries (1993) reported a similar result: the boar had a higher feed
intake than the gilt. In their study, Gonyou et al. (1992) and Hyun (1997) also confirmed
that barrow ate more than gilt. Also, differences in feed intake between barrows and gilts
have been reported in studies conducted by Campbell & Taverner (1988) and Fuller et al.
(1995).

Data presented by Cole & Chadd (1989) in their literature review on voluntary feed
intake of growing pigs were contrary to this study. They reported that boars and gilts had
similar feed intake. Likewise, Hyun et al. (1997) reported no difference in daily feed intake
between barrows, boars, and gilts. Hyun et al. (1997) attributed the lack of difference in
feed intake among the sexes in their study to the feeder design and the size and sex
composition of groups used. This may have restricted access to the feeder and could have
reduced the feed intake of barrows relative to the other two sexes. Feeding duration was
the same in this study for the male and female group 1 growing-finishing pigs. This agrees

with Hyun et al. (1997), who highlighted no difference in feeding duration between
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barrows, boars, and gilts. In contrast, Brown-Brandl et al. (2013) reported that barrows

spent more time feeding than the gilts.

Also, it is important to highlight that the feeding behaviour for the female and male
group 2 growing-finishing pigs will not be discussed. This is because of the confounding
effect of two different diets (basal diet during the growing period and test diet during the

finishing period) fed to the group 2 growing-finishing pigs.

5.2  The effect of the group type on the hourly feeding behaviour of the growing-
finishing pigs
The interaction between group type and growth stage on the feeding behaviour of pigs

will be discussed under the following subsections.

5.2.1 The effect of the group type on the hourly feeding behaviour of growing
pigs
Hourly feeding rate for group 1 and group 2 pigs was the same during the growing
phase because both groups of pigs were fed the same basal diet (Figure 38). However, for
the other feed behaviour parameters, the group 2 pigs had higher feeding visits, spent more
time feeding and consumed more feed than the group 1 pigs during their growing phase
(Figure 14, 22 and 30).

It was expected that during the growing phase, other hourly feeding behaviour
parameters, just like the feeding rate, would be the same between group 1 and group 2 pigs
because both groups of pigs were fed the same basal diet. Therefore, this significant
difference in the hourly feeding visit, hourly feeding duration and hourly feed intake
reported between the two groups of growing pigs could not be due to the diet. Instead, this
significant difference may be ascribed to the intrinsic differences between the pigs (such

as sex).

5.2.2 The effect of the group type on the hourly feeding behaviour of finishing
pigs
The type of diet fed to the different groups of finishing pigs influenced their hourly
feeding behaviour. It is worthy to note during the finishing phase of growth, the group 1
pigs were fed the basal diet, and the group 2 pigs were fed the fibre-rich test diet. Therefore,
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any significant difference in the hourly feeding behaviour between the different groups

could be ascribed to the diet.

The feed intake and feeding rate for the group 2 finishing pigs were usually reduced
compared to the group 1 finishing pigs during the day (Figure 30 and 38). This low feed
intake can be explained by the high fibrous nature of the test diet fed to the group 2 finishing
pigs. Nyachoti et al. (2004) reported that the ability of the pigs to achieve gut fill depends
on the bulkiness of the feed. The fibre-rich diet has increased gut fill due to its bulky nature
(Kyriazakis & Emmans, 1995; Owusu-Asiedu et al., 2006; Ndou et al., 2013).
Physicochemical properties such as their coarse structure and high water-holding capacity
contribute to the bulky nature of the dietary fibre (de Leeuw et al., 2008). Similarly, studies
have reported that dietary fibre boosts satiety in pigs which significantly reduces feed and
energy intake (Pereira & Ludwig, 2001; Gerstein et al., 2004; de Leeuw et al., 2008;
Bolhuis et al., 2010; Wanders et al., 2011; Agyekum & Nyachoti, 2017). Therefore, satiety
and reduced feed intake of the group 2 finishing pigs were caused by the bulky and fibrous
component of the test diet. Similarly, other studies have shown that the inclusion of fibre
in the diet elicits a decrease in feed intake (Stein & Shurson, 2009; Gutierrez et al., 2013;

Agyekum et al., 2012; 2014; 2015).

The high fibre content (of the test diet) fed to the group 2 finishing pigs means they
attain satiety faster due to its physico-chemical properties. In the stomach, the presence of
fibre in the diet triggers an increase in the retention time of the digesta, thereby leading to
satiety or reduced feed intake (Wenk, 2001). Feed intake in pigs is influenced by the pig’s
desire to meet its nutrient demands (Nyachoti et al., 2004). Feed intake in pigs is regulated
based on its ability to meet its first limiting nutrient, especially the energy-yielding
nutrients (Cole et al., 1968; Henry, 1985; NRC, 1998; McNeilage, 1999).

Fibre has been reported in some studies to dilute the available energy concentration of
the diet (Noblet & Le Golf, 2001; Wenk, 2001). The overall effect shows a negative
influence of dietary fibre on the pig’s energy metabolism (Agyekum & Nyachoti, 2017).
For instance, energy digestibility was reduced due to lignin in the fibre of the diet (Wenk,
2001). Kyriazakis & Emmans (1995) also showed the connection between energy dilution
of fibre-rich diet on feed intake. Their study reported that growing pigs offered feeds of
increasing bulk could compensate for the nutrient dilution by increasing their intake. Only

at very high levels of bulk did the daily energy intake decrease due to limiting gut capacity.
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Therefore, as an adaptation mechanism to compensate for the low dietary available
energy content of the test diet, the group 2 finishing pigs visited the feeder more often than
the group 1 finishing pigs (Figure 14) throughout the day (24 hours) and continuously
attempted to eat more feed to achieve a constant energy intake (Nyachoti et al., 2004).
However, the physical feed intake capacity of the group 2 finishing pigs to consume large
feed is limited by gut fill due to the bulky nature of the test diet-fed (Cole et al., 1971). As
a result, they consume a smaller amount of the test diet per-hourly visit. This is why the
group 2 finishing pig (fed the test diet) had a significantly higher feeding visit but had low
feed intake (especially during the day) than the group 1 pig fed the basal diet (Figure 14
and 30). The continuous process of visiting the feeder cumulatively increases the feeding
duration of the group 2 pigs (especially late at night and early in the morning) than the
group 1 pigs (Figure 22). The extended time feeding could also be explained by the fact
that the pig spends more time eating to compensate for the dilution effect of the fibre in the
diet (Schrama et al., 1998; Kallabis et al., 2012). In a study conducted by Konstanze &
Kaufmann (2012), a similar result of an increase in the feeding duration of pigs fed a high
fibre diet was reported. Other authors have reported an increase in feeding duration for pigs
fed a high fibre diet (Robert et al., 1997; Ramonet et al., 1999; Danielsen & Vestergaard,
2001; Robert et al., 2002).

The group 2 finishing pigs ate a smaller quantity of the feed per visit than the group 1
finishing pigs due to the satiating effect of the fibrous diet. The bulky nature of the test diet
reduced feeding motivation and increased mastication time (or feeding duration) by
stimulating mechanoreceptors in the gastrointestinal tract (sensory-specific-satiety
(Paintal, 1954; Rolls & Rolls, 1997)). This process reduced the feeding rate of group 2
finishing pigs by stimulating satiation, thereby promoting meal termination (or reduced
feed intake) over an extended mastication (or feeding duration) time (Cummings &
Overduin, 2007; Figure 38). These findings were consistent with Konstanze & Kaufmann
(2012), who reported a reduced feeding rate for pigs fed a fibre-rich diet. Other authors
have also reported a decrease in the feeding rate for pigs fed a high fibre diet (Ramonet et
al., 1999; Meunier-Salaun et al., 2001; Whittemore et al., 2002).

The feed intake pattern for the group 1 finishing pigs fed the basal diet was observed
to have two definite peak times. Therefore, this means that when their energy intake has
been met at a peak time, they rest for some hours before they resume another round of

feeding. However, for the group 2 finishing pigs, there was a continuous consumption of
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feed throughout the 24 hours to compensate for the diluted energy intake of the fibre-rich
diet (Nyachoti et al., 2004). This is why at night and early in the morning, when the group
1 finishing pigs were resting because their energy intake has been met, the group 2 finishing
pigs have a significantly higher feeding visit, feeding duration, feed intake and feeding rate
(Figure 14, 22, 30 and 38). The difference in the hourly feed intake and feeding duration
pattern between the group 1 and group 2 finishing pigs further confirms the influence of
the different diet-fed (Figure 22 and 30). While group 1 finishing fed the basal diet had two
definite peaks (one in the morning and another in the afternoon), the group 2 pigs fed the
test diet had a patternless feeding pattern. The hourly feeding duration for the group 2 pigs
also exhibited similar patternless behaviour as the hourly feed intake (Figure 22 and 30).

Similarly, the hourly feed intake and feeding duration pattern of the group 2 pigs
during their growing phase differed compared to their finishing phase. The hourly feed
intake and feeding duration pattern for the group 2 growing pigs (that were fed the basal
diet) looked defined (Figure 22 and 30) with two pronounced peak points (one in the
morning and the other in the afternoon). On the other hand, during the finishing phase,
when the fibre-rich diet was introduced to the group 2 finishing pigs, the hourly feed intake
and feeding duration pattern for the group 2 pigs looked patternless and peaked more than
twice (Figure 22 and 30). The change in the feeding duration and feed intake pattern of the
group 2 finishing pigs represent an adaptation to the energy intake constraint placed by the
fibre-rich test diet fed to them (Nyachoti et al., 2004).

5.2.3 The effect of the group type on the peak time of feeding behaviour of
finishing pigs

Peak feeding behaviour is exhibited at a different time of the day. The difference in
the peak feeding behaviour time (except feeding rate) observed between group 1 and group
2 finishing pigs may be attributed to the different diets fed to the pigs. Feeding visits peaked
at 10 am for group 1 finishing pigs, and 9 am for group 2 finishing pigs (Figure 14).
Similarly, the morning peak feeding duration was at 8 am for the group 1 finishing pigs.
The group 2 finishing pigs spent most of the time feeding at 8 am and later at 11 am. The
morning peak feed intake and feeding duration time were similar for group 1 and group 2
finishing pigs (Figures 30 and 22). The peak feeding rate time in the morning (10 am) was
the same for group 1 and group 2 finishing pigs (Figure 38).
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In the afternoon, the peak time for feeding duration and feed intake for group 1 and
group 2 finishing pigs was different. The difference in the peak time for the feeding
duration and feed intake time observed between group 1 (4 pm) and group 2 finishing pigs
(5 pm) may be attributed to the different diets fed to the pigs (Figures 22 and 30). Feed
intake and feeding duration had the same feeding pattern and the peak time for group 1 and
group 2 finishing pigs (Figures 22 and 30). The peak time (3 pm) for feeding visits and
feeding rate in the afternoon for group 1 and group 2 finishing pigs was the exact (Figures
14 and 38).

5.2.4 The effect of the growth stage on the hourly feeding behaviour of the
group 1 pigs

The growth stage (or age) of the group 1 pigs (fed the basal diet) influenced their
hourly feeding behaviour. This study observed that pigs fed the standard compound diet
(group 1) consumed more feed during their finishing phase than their growing phase. As
the pig grew (or age), the liveweight increased. Studies have reported a linear increase in
feed intake as the pig grew (Bigelow & Houpt, 1988; Hyun et al., 1997). This can be
explained by the increase in gut sizes as the pig age. During the growing phase, the basally
fed group 1 pigs gut capacity to consume food was limited (due to its small size) compared
to their finishing phase. As a result, the growing group 1 pigs frequently visited the feeder
more often to compensate for their inability to eat a large feed per visit. (Figure 17 and 31).
This agreed with the study conducted by Auffray & Marcilloux (1980) and Lebroue et al.
(1994). The continuous feeding visitation and the inability to eat fast due to the small gut
of the growing group 1 pigs cumulatively increased their time spent feeding (Figure 23).
That is, the growing pigs were observed to have spent longer time feeding compared to
finishing pigs. The finding of this study was consistent with that of Hyun et al. (1997).
Hyun et al. (1997) reported a decline in the feeder visits per day from 7.5 to 6 as the pig
aged and the weight increased. Also, Hyun et al. (1997) reported that as the pig ages and
the live weight increased from 27 to 82 kg, the duration of time spent feeding decreases.
These findings were consistent with those found in this study. Therefore, this study
confirmed that the feeding duration required to achieve daily voluntary feed intake

decreases with age or liveweight.
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On the other hand, the finisher group 1 pigs visited the feeder less frequently for food
than the grower group 1 pigs but ate a large quantity of feed per visit. This is because
finisher pigs typically weigh more than grower pigs. Finishing pigs places a greater need
for dietary nutrients compared to growing pigs. Therefore, they need to consume more feed
to meet their daily nutrient requirements (Nyachoti et al., 2004). The study conducted by
Hyun et al. (1997) confirmed the result of this trial. In their study, feed intake for pigs with
live weight from 27 to 82 kg increased linearly with increasing body weight (from growing
to finishing pigs). Auffray & Marcilloux (1980) and Bigelow & Houpt (1988) also reported
the same findings. Similarly, the capacity of the group 1 pigs’ mouth size and its gut size
increased as it aged (Illius & Gordon, 1987; Nyachoti et al., 2004). Therefore, the group 1
finishing pig can consume a larger quantity of feed over a short feeding duration. Therefore,
the group 1 finishing pig had a higher feeding rate than when it was growing (Figure 40).
Hyun et al. (1997) also reported a similar increase in feeding rate as the pig ages with the
live weight increasing from 27 (for the growing pigs) to 82 kg (finishing pigs). The studies
conducted by Hsia & Wood-Gush (1984), Bigelow & Houpt (1988), Labroue et al. (1994)
and Nielsen et al. (1995) reported similar findings that as the pig aged, the feeding rate

increased.

5.3  The effect of the interaction between the group type and sex on the ad libitum
feeding behaviour of the growing-finishing pigs
The growing-finishing pigs' group type and sex interaction were insignificant for
feeding behaviour parameters such as the number of feeder visits, feeding duration, and
feeding rate. However, the sex and diet fed to the different group types of the growing-

finishing pigs influenced the hourly feed intake.

The sex of the growing-finishing pigs affected the hourly feed intake of the group 1
pigs. This study indicates that the male pigs consumed more feed for the group 1 pigs fed
the basal diet than the female pigs during the growing phase. The same effect was observed
for the group 1 pigs during the finisher phase. The male finishing pigs fed the basal diet
(group 1) had a higher feed intake than the female group 1 finishing pigs (Table 4.5.6).
Therefore, for the group 1 growing-finishing pigs fed an equivalent of a standard compound
diet (basal), the male pigs had a higher feed intake than the female pigs. This finding was

consistent with that of other studies discussed in section 5.1.
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On the other hand, the sex of the growing-finishing pig did not affect the feed intake
of the group 2 pigs. During the growing and finishing phase, the male and female group 2
pigs had the same feed intake (Table 4.5.6). The group 2 pigs during the growing phase
were fed the basal diet, and in the finishing phase was fed the fibre-rich test diet. There was
no effect on feed intake for the female growing pigs belonging to either group 1 or group
2 pigs. Similarly, the feed intake for group 1 and group 2 male growing pigs was the same.
This non-significant effect can be explained because the group 1 and group 2 pigs were fed

the same basal diet during the growing phase.

The group type (or type of diet fed) influenced the hourly feed intake of the finishing
pigs. The group 1 male finishing pigs consumed more feed compared to the group 2 male
finishing pigs. This difference is attributed to the type of diet fed to the different pig's
groups. The male group 1 finishing pigs were fed the basal diet, and the male group 2
finishing pigs were fed the fibre-rich test diet. This finding agrees with those studies
discussed in section 5.2.2. The physico-chemical properties of the bulky fibre-rich test diet
fed to the male group 2 finishing pigs caused early satiation, restricting further feed intake
compared to the less fibrous basal diet fed to the group 1 pigs (Table 4.5.6). Also, Section
5.2.2 further explained how fibre influenced the feeding behaviour (especially feed intake)
in pigs. In contrast, female group 1 and group 2 finishing pigs had the same feed intake.
Therefore, the nature of the diet fed did not affect the feed intake of the female finishing
pig in this study. The male and female group 2 finishing pigs had a similar feed intake

because the same fibre-rich test diet was fed (Table 4.5.6).

The growth stage of the pig affected the quantity of feed consumed. The result from
this study confirmed this. During the finishing phase, the female pigs fed the basal diet
(group 1) had a higher hourly feed intake than what they consumed when growing.
Similarly, the male pigs fed the basal diet (group 1) had a higher hourly feed intake during
their finishing phase than the growing phase (Table 4.5.6). As the pig grows, the
requirement to meet its nutrient intake to support bodily function such as maintenance and
accretion increases (Nyachoti et al., 2004). Therefore, the finisher pig consumed more feed
to meet their nutrient needs. However, unlike the finisher pigs, the ability of the growing
pigs to meet up with this function is limited due to the restriction placed by its small gut
size. Therefore, as the pig grows, the gut size increases, increasing the quantity of feed
consumed. Details on how the growth stage (or age) changes the feed intake pattern of the

pigs had been discussed in section 5.2.4.
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It is noteworthy to highlight that the effect of the growth stage of the group 2 male and
female pigs on feed intake will not be discussed. This is because of the confounding effect
of two different diets (basal diet during the growing period and test diet during the finishing

period) fed to the group 2 pigs.

5.4  The effect of the interaction between the group type and sex on the hourly
feeding behaviour of the pigs

The sex of the pig does affect the feed behaviour of growing-finishing pigs on an
hourly basis. This study reported that the female group 1 pig (fed the basal diet) had a lower
feed intake than the male group 1 pig. This finding agreed with those studies discussed in
section 5.1. Furthermore, while female group 1 growing-finishing pigs visited the feeder
more than the male group 1 growing-finishing pig, they consumed little quantity of the feed
per visit, thereby spending little time feeding in the process (Figure 16, 25 and 33). On the
other hand, the male group 1 growing-finishing pigs visited the feeder less frequently. Still,
they consume a larger quantity of feed at each visit over an extended feeding time than the

female group 1 growing-finishing pigs (Figure 16, 25 and 33).

The female and male group 1 growing-finishing pig typically spent most time feeding
and consumed more food in the morning (8 am) and in the afternoon (4 pm). Also, the
female and male growing-finishing pig mostly visits the feeder at 10 am. In the afternoon,
the female and male group 1 growing-finishing pigs typically visit the feeder for food at 3

pm and 4 pm.

This study also shows that for the pig fed the basal diet (group 1), visiting the feeder
the most at a particular time of the day does not mean that most feed consumption happens
at that hour. Similarly, the sex of the growing to finishing group 1 pigs did not affect the
time of the day when the pig consumed most of its feed and how long it takes to consume
it (Figure 33 and 25). The feeding duration and feed intake peak time for the group 1
growing-finishing pig is typically the same. That is, the female and male group 1 pigs had
similar peak feeding duration and feed intake time. This means that as group 1 (or basally
fed), pigs consumed a proportional amount of feed similar to their time eating. If the group

1 pig consumed little feed, it spent a shorter time feeding in the process.

A similar effect was observed for the peak morning feeding visit, but it changed during
the afternoon (Figure 16). That is, male and female pigs visited the feeder the most in the

morning at 10 am. The female visited the feeder the most in the afternoon at 3 pm while
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the male at 4 pm. The sex of the growing-finishing pigs did not affect the feeding rate. The
feeding rate for the female and male pigs fed the standard compound diet (group 1) was

the same in this study.

5.5  The effect of the interaction between the group type and the growth stage of
the pigs on the ad libitum feeding behaviour

Hourly feeding behaviour was the same for the group 1 and group 2 growing pigs. The

non-significant difference in the hourly feeding behaviour is attributed to the fact that the

group 1 and group 2 pigs were fed the same basal diet during the growing phase. Similarly,

there was no significant difference in the hourly feeding behaviour between the group 1

pigs (fed the basal diet) and the group 2 pigs (fed the fibre-rich test diet) during the finisher

phase.

Feeding visit, feeding duration and feed intake were the same for the group 1 pigs
during their growing and finisher growth stage. However, the effect of the growth stage of
the pig affected the feeding rate of the group 1 pigs. During the finishing stage of growth,
the group 1 pigs (fed the basal diet) had a higher feeding rate than their growing period.
This finding agreed with those studies discussed in section 5.2.4. Also, section 5.2.4 further
demonstrates how the growth stage (or age/weight) influenced pigs' feeding behaviour

(especially feeding rate).

It is noteworthy to highlight that the effect of the growth stage of the group 2 pigs on
feeding behaviour will not be discussed. This is because of the confounding effect of two
different diets (basal diet during the growing period and test diet during the finishing
period) fed to the group 2 pigs.
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Chapter 6

Conclusion

In summary, this study confirmed that marked changes occur in the feeding behaviour
of pigs depending on factors such as their sex and the growth stage (age). Sex affected the
feeding behaviour of growing-finishing pigs (fed a standard compound or basal diet) on an
hourly basis differently. The female basally fed pigs frequently visited the feeder more
often but spent a shorter feeding time because they only ate smaller feed quantities.
However, the male basally fed pigs visited the feeder less often but spent more time feeding
because of the large quantity of feed it consumed. Similarly, the pig's growth stage (or
age/weight) influenced their behavioural feeding pattern. Therefore, to compensate for
their reduced feed intake and feeding rate, growing pigs fed the basal diet were observed
to have an extended feeding time because of their frequent feeding visits. On the other
hand, finishing pigs fed the basal diet had a higher feed intake and feeding rate. Therefore,
as the pig aged, the number of feeder visits and feeding duration reduced as the quantity of

feed consumed and how fast it consumed it increased.

Many factors, including diet, can influence feeding behaviour. The composition of the
diet could also affect the feeding behaviour of pigs. This study further indicates that a diet
rich in fibre is likely to change the feeding behaviour pattern of the pigs. The physico-
chemical properties of the fibre (such as bulkiness) can influence satiety through gut fill
and mastication time. Satiety is shown to influence ad libitum feed intake in pigs. As a
result, the fibre-rich diet changed the pigs' hourly feed intake and feeding duration pattern
graph in this study. Overall, finishing pigs fed the fibre-rich diet exhibited reduced hourly
feed intake, and feeding rate than pigs fed the standard (basal) compound diet. In contrast,
the pigs fed the fibre-rich diet's hourly feeding duration and feeding visit was increased

than the pigs fed the standard compound diet.
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